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Girder bridges, plate iron, N. W* railway, Cam> 

den<(own, 300 
Glai!<her, oieleorological quarterly reports, 240, 

362 
Glass manufacture for architectural purposes, 

Don aid son on, 24 
Glazing of rast^iron, W^yatt*B pat. 131 
Goddard*s pris^ model cottages (rev ) 322 
Godwin, on buildings and monuments (rev.) 137, 

233 
Goethe, oa Stra:>buigb catbedral, 3{5 
Gold medal, pre^eulation of to Mr. Barry, 20B 
GonloOf un ligbthouse in the Skeikt channel, 252 
Gothic architecture. Laker on the curve of, 305 
Cvovernmeiit and public enterprise, 346 
Grand continental canal, 361 
Granite quarry of Kilmabreck, 335 
Grant (CoL) on Indian railways (rev.) 136 
Great Britain, military architecture of, Harls> 

borne, 218 
Great bull from Nineveh, 271 
Great exhibition of 1851, 207, 209, 271, 353 
Great exiiihition building, cnnstruction of roof, 

387 
Greece, ancient, Prof. Rangabe on, 2ti9 
Greece, Clegg's lectures on architecture, 109, 

177,209,242 
Grimsby docks, description of cofferdam, 9 
Grooving and planing machine, Newton's pat., 169 
Guide to Ripon, Walbrao (rev.) 48 
Gyde, on mildew in paper and chemical satura- 
tion of growing timber, 206 
Gypsum, Burnell on character and application of^ 

185 
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Hadrian, mausoleum of. Burgess on, 153 

Hakewill, on modern tombs (rev.) 47 

Han^rd's measurements of banqueting house, 

Whitehall (rev.) 48 
Harbours of refuge, 44* 298, 350 
U«rmonic ratio, laws of, applied to the human 

figure. Hay, 358; Prof* lielland on Mr Hay^s 

theory, 339 
Hartlepool west harbour and docks, 330 
Hartiihoriie, on mUitary urchitcclure of Great 

Britain, 2l8 
Hay, on symmetric proportion, 35B 
Health question and water supply administration, 

97 
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Heath's patent manofaclnre of steel, 230 
Heating of horticultural buildings, 330 
Henderson, on purifying and filtering water, 261 
Henderson's calcolation for earthwork, 368 
Herschel, on manufacture of ice, 108 
H igh ton, on electricity applied to artj^ and sctenoet) 

25 
Hinge, air-spring, Beatfie's pat., 175, 295 
History and construction of lighthouses, Alan 

Stevenson, 2Vl 
Hollow bricks, 127 
Hulyhead harbour uf refuge, 298 
Homers ham, on water from chalk formation, 67 
Horner's plan for improvements of Liverpool, 396 
Horticulturiil buildings, heating of, 336 
Hoiipila], Vork county, 145, 350 
Hot-ajr engine. Sir G. Cay ley's, 105 
How' in pat. saliuoineter, 168 
Howard, on motion of water In pipes, 130, 162^ 

374 
Huutinglon's method of squaring a circle, 171 
Hydraulic engine, Murton colliery, 175 
H) druulic pressure cranes and engines, Armstrong 

on, 204. 
Hydraulic purchase machinery, Miller^s, 44 
Hydraulic tables, Beardniore's, 233 
Hygrometer, register, Appold's, 295 



Ice, Herschel on mainfaclnre of, 168 
Illumination and construction of lighthousea, A. 

8teveQ»on (rev.] 232 
Improvements in river Seine, 355 
Improvements of Liverpool, Horner's plan, 396 
Inaugural address of Mr. W. Cubitt, 41 
IncrusttttJiOD of steam-boilers. Dr. J, Davy, 291 
India, Clegg's lecture on archiiecioie, 37 
India, southern, Fergut^i^ou on architecture uf, 39 
Indian railways, 72, 141 
Indian railways and Bombay cotton, Col. Grmnt, 

(rev.) 136 
Inland navigation, D. Stevenson, 165 
Institute, Mechanics', Dt-vonport, 350 
Institute of British architects, 23, 39, 69. 79, 101, 

123, 128, 153, 159, 215, 218, 221, 249, 378 
Institute of British Architects on cetneuts and 

stuccoes, 332 
Institution of (ivil Engineirs, 19, 41, 69, 104,1 If, 

172, 203,3l»7; antmiil geotml mettiog, 20; 

president's couvert^nzione, 205 
Institution of Civil Engineers of Irelaodi 26, ItO 
Institution of Mechanical Engineers, 117, 129, 

273,275,386 
Interruptions to the navigation of the Cl)de, 3G6 
Inventions and life of William Monkick, 3b6 
Inventors, Turner's cuunsel to (rev,) 137 
IreluiKty Ins^titulion of Civil Engineers. 211, 100 
Irish railways, advances and repay nu-nt's, 17t 
Iron bouts, Laird's galvanised, 230 
Iron bridge over the £)han too, giganiic pile-driving 

at, 392 
Iron casks. Da Costa's pat, 15 
Iron, cast, elasticity of, Cox, 296 
Iron, cast, experiments on strength of. R Slf*phcn- 

Bon, 194 
Iron, cast, hollow voussoirs to arches, 201 
Iron, cast, lighthouse in the Bermuilas, 105 ; in 

Baugor island, 3Q9 
Iron, caat, Penny, on the quantitative d^rt rmina* 

tion of, 331 
Iron, cast, Wyatt'a pat., 231 
Iron, experiments on, 198 
Iron, Nasniyth on forging of, 292 
Iron, protection of from oxidation, 71, 272 
Iron railings for the British Museum, ^30 
Iron roof, Liverpool railway station, 105 
Ironwork, ornamental specimens, 352 
Italy, Pelasgic n'mains in, Clegg's lecture, li»9 
Ivory engraving, 272 



iflwish architecture, Clegg's lectures, I tij 




iob«0D*« cbapel a&d school Architeclore (rev.) S5I> 
Jopljog, OD lie entasU of eokamiiSy 161 
Juyce, on the Stnyroa ste&oi- mills,, 133 
iuDcUoQ of the North of Fraoce aod Stra«biirgb 
railways at Farii, SS4 



K«]Und (Prof.) on May^s theory of symmetric 

proportion. 358 
Kcylmii) Hleatn-docks* Devooport^ 207, 400 
Kicir aiit^pffOMufi bridge, ti 
KtHiwIes, on Ode of cemeota and staccoes axter- 

leraally, se2i 



Labourinf^ dasses, Roberta on d«teUingaof, 123; 

Scrupe. 136^ Wit»oD, 175 
Liiker, on the curve of Gothic archilectare« 365 

Lapd draioiog and wateriugi by Mr« Bmilh of 

DeatistoD, 67 
l^ridJDK pter. Blackfrmrs-bridge, 69 
LanJoer {Dr.) ou rtijlvfuy ecouocny (ret,) 170 
Latselli 00 sypporttug the specolufu of large 

teletcopeSf 331 
Lathe, Whitworib'a pat. duplex, 304 
Lectures on archilpctore, Clegg'st 1, S3, 73, lOO^ 

U6, 177, 200, 243, 305, 337, 3li9 
L^oo, OD cuUhnlioD aod niauufacture of 9ugar, 25 
Letter of Mr, Falkeo^r, ou antiquitiei of Eome, 69 
Library, Plymauih and CuttoDmu 316 
Life of Sir I. M. Bruod, 18; Lieiit,'CoU RobCj 

26; Viguola,70; 5Ir. Murdock, 816 
Lift bridge on tht* Bnghtoo railway, US 
LighthiiuBe, Bi(»bop'tf mck, 42, tO§ 
Lighibouse, cuBt-iron, in the Beriuudas, 105; 

Saugur id laud, 300 
LigbUjouiM:*,, bitftory and construe tioB^ A. Btcven- 

BODf 232 
Lighthouse, Skerki cbaanel, Gordon, 252 
Lightbou^, Svraa oo ?elocitj of rcvolfiog appa* 

ratus, 29>B 
Lily -houBe,Chala worth, 324 
LtsU of new Engljgh paientSi 32, 72, 108, 144, 

176, 268, 246, 272, 364, 336, 368, 466 
Liquid manure, ^mitb on di^tribnUnu of, 67 
Liverpool, docks and quay a ^^ quarry frum wbeoce 

supplied, 335 
Liverpool, HorDer'tf plan of improvemeiit, 396 
Liverpool railway sialion, iron roof, 105 
Liverpool ahipbiiikting trade, 347 
Liverpool water supply, li« btepbeasoo's report, 

100, 234, 257 
Locks and keys, Chubb, 173 
Locomotive eogioesira Austria, prizes for, 267 
Lloyd, on comtuunicalioi) betweeo the Atlautic 

and Facibc, 10 
Loodou and Pans, statistics, 367 
London clays, biA&emeut bed of, IDS 
Loudon Society of Arts, 25, 1CI'5|,2U0 
Loudou Simla, Myloe's sections of (rev.) S33 
London supply of water, history of, 28; projects 

for supply, Heoley, 64; Mapledurbam, 65; 

W at ford , 66 j King aton , 07 ; Wand le» 67 ; from 

chalk formaiion, Humersham, 67; Clutterbuck, 

76, 104 ; Tabberner'slectureoo, 68; Prtalwicb 

on, 2G5 ; Fym, 183 
London supply of waier, report of Board of Health 

on, 23B ; Hon. W. Napier's report to Hoard of 

Health, 302 
Loog aud Forter*ft Oeography of Great Brltalo 

(rev.) 130 
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M'Connell, on deterioration of railway axles, 120 
Al'Fberson, on preveotiag water pipei bursting 

by frost, 331 
Magnets, Etias on, 331 

Malleable iron m no ufac lure, ThorDeycroft on, ITS 
Manufacture and cultivation of sugar, Leon, 25 
Murine worius, ravages at upoti Southend pier, 10 
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Market and museum at Dover. 257 

Martin's plate-iron girder bridge, CamdeD*towa 

366 
Materiala, Buchanan on the strength of, 21 
Mausoleum of Hadrtaoi Burgess, 153 
Meadow^, pat. improvements lu veneering, 169 
Mechaaical Engiaeers, Institution of 1 17^ 126,237, 

386 
Mechanics Inititulion, Devonport, 3J0 
Mediwal brick buildings of Germnoyi Fowler, 

12S 
Medieval towers and spires, Britton, 150 
Memoir of Sir J. M. Brunei, la; Lieui.-Col. A* 

W, Robe, 20; Vigiuila, 70 ; Mr. Murduck. 3«6 
Mercury vapour, eiatiticity of, liaukine, 15 
Meteorological observations, Drew on deductions 

from, 300, 345 
Meteorological quarterly reports, Glaiaber's, 240, 

362 
Meteorological Society, 176 
Mett^orology, Drew on iostrumeata employed in, 

226 
Meteorology, Olaisher's tables a»d| remarks, 240, 

362 
Meteorology of larious places in Eugland for 

1B40, t*4 
Metropolia, remarks on drainage of, l%ii 
Metropolitan sewerb, receipt nod expeuditure for 

1!^9, 176 
Aletropolitaa sewers, remarks oa proposed plan 

of Surrey drainage, 166 
Mirtropitlitan street pavkg, Taylor, 141 
Metropuljtdn water supply admiuistration and the 

bt.'alth question, t)7 
Metropolitan water su pply from chalk formation, 

Clu tterbuck, 70, 1 04 ; Homerdbam, 67 ; Prest* 

wich, 265; Fym, lct3 ; Tabberuer,08 
MetropolitaD watt^r supply, history of, 2S 
Metropolitan water sti pply projects, Henley, 64 ; 

Mapledurbam, 65 ; Watford, 66 ; Kingston, 07 ; 

Waudle, 67 
Metropolitao water supply— report of board of 

health, 238; report of Hon. W. Napier to the 

board of health, 3U2 
Mildew in paper and parchmeDt, Gyde on, 206 
Military architecture of Great BriLaini Harts* 

borne, 218 
Miller's hydraulic purcbaso machine applied to 

IVIorton's patent slip, 44 
Mineral veins in the watera of the ocean, 72 
Mineralogy, geology, aud physical geography, 

Ansted (rev.) 262 
Mines, coal, Kitchie ou Ihe ventilation of, 289; 

bhedden on, 23 
Model cottages^ Goddard (rev.) 322 
Model dwelling» for the working classes, Wilsoo, 

175; Huberts, 123; Scrope, 136 
Modern tombs, llakr «vil] |rev.) 47 
Mortising, teaouing, boring, aod ripping timber, 

Douglas's macbine, 22 
Morton's pat. slip. Miller's purchase machine 

applied to, 44 
Motley'^ proposed bridge at Clifton, 236 
Munich, art in, 307 
Murdoiuk (Williaui), memoir of, 316 
Museum and market at Dover, 257 
Museum, British, iron ratlings for, 336 
Blu^um British, project for enlargement of, 264 
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Naimyth*s improvemeat in forging iron, 202 
Nasmylh^s improvement of reflecUng teleacopeSi 

328 
National provincial bank, Darlington, 380 
Naval basin at Sebaatepol, 2117 
Navigable canals, D. Stevenson, 165 
Navigation of the Clyde, interruptions to, 336 
New street and sewer through Luudoo, Beard* 

more (rev,) 322 
Newtou's pat. planing and grooving machtoe, 160 
Newton'!! pat« stLam boilers. 190 
Nint-v<fh, great bull lri>m,271 
Nonconformist chapel and school architectore, 

Jobson (rev.) 350 
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North of Frmnoe and Strasbargh nilways jooc- 

tioD, at Paris, 384 
North-western railway, plate-iron girder bridge. 

Cam den -town, 366 
Nortli- western railway station, Chester, 335 
North-western railway statioo pavemeoi, Ul 
Notett of the month, 76, 168, 144, 175, 207, 2T1, 

835, 367, 399 
Novogeorgievak, corn magaziae, 241 
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Obituary, Sir I. M, Brunei, 18; Dr. PotU, 144; 
LieuU Col. Bobe, 20 ; Mr. Hubt. Stevenson, 
27L; Mr. John Swindell, 235; M. Lmgi 
Zaodomeneghi, 235 ; William Murdock, 316 

Oblique bridgfs, Bu&hforth, 171 

Observations, uieteorologicai, Drew's dedttctions 
from, 345 

Obst^rvalioQs, Glashler's quarterly tables, 246 
362 

Opeuiag of the Britannia bridge, 114 

Open timber roofg, Morris ou structural pnocipli 
249 

Ordnance survey of Scotland, 347 

Ornamental ironwork, 350 

Ornamentation of Assyrian scolpture, Smirke, 166 

Overshot water-wheels, Dodgsoo, 258 

Oxidaliou of Iron, prolectiou firom, 71, 231, 272 



Paint, zinc white, 272 

Panama isthmus, Lloyd oo canal through, 19 

Panama iathfiiut, railroml acru^ii, 271, 823 

Paper, dry, pUolograpby on, EvrarU, 286 

Paper for tracings 72 

Pariii, stalistics of roads, 367 ; bridges, rerurity 
of, 367 ; gypsum, Burnell on, 185; improve- 
ments in, 368 ; sewerage of, 367 

Park on public sculpture, 372 

P a r ke r 'a w ate r * w h i e U 68 

Parochial registers, 208 

Pattnti granted /or England^ Liti ^f:^ 

Vmm Koirember 24 to D«c«tu Ihw 21 , SI 
From I>ec«iiib«r Si to January 34, 74 
Froio J«m»iry V4 to Fe»>mary 2a, tUfl 
Prom Febniirr ^ to M&rcb 20, 144 
¥mm March 90 to 4pHl 39, HO 
FroTQ April 2a to May S3, ^06 
From May 23 to Jane SU, 240 
From June 20 to July 20, «?« 
Prom July 23 to Aufutt 28, 904 
From AuKUit 99 to Sepmntter 88, SSS 
From 8«p(«iobcr 90 i* Oetolier 124, 56S 
Frt>jii OcVOl>«r 94 to Noveiabsr 31,. 400 

PatentBt Reffitier qfNew: — 

Boiier tubw, Baiinl!l«r, SflO 
Brk^kB, vitrified, EJiioU, 231 
C&iks, iroK, Oa €0Bt&, 19 

Plan log and grcK^nny, Newton, IflQ 
Kallvraj chain. TorkinstoOt Vlu 
BAilwajr «lj»el«, Chumbert, 200 
»aliuomet«r, How, tfia 
filiot, HmUh, 14 
Steam-boilertt Newton, IPO 
Steel manoractiire, Hfutb, 230 
StQuewart^ pipe», Burti^i^. 112 
Yeaeedngt Mea4c9Wt« lUO' 

Paton, OD ravages of insects upoti Soatbead pier, 19 
Pavement at Korth - Western ilation, Kusloo* 
square, 141 

Peal charcoal, manufacture of, 144 
Felasgic remahii in Greece, Clegg's lecture, 109 
Pemiberton, on spirit level adjustment, 327 
Penny, (I>r) ou quantitative determinatioo of 

iron, 331 
Feriuauent way, North- Western railway, Bar- 
low, 204 
Persia, CtegK^s lecture on architecture, 33 
P^trie, uu dynamic equivalent of current electri- 
city, 303 
Fetrie, ou electricity and heat as moving powers, 

Petrie, ou minute vision, 293 
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Phceoicia, Clegg's lechire on arch i lecture, 33 
Photography on dry paper, Evfurtl, iim 
Photography on gebtitie, Polleviu, 286 
Piciure gajleriea, 279 

Pipe«f muUoD of water io, D^Aububsotif ISO, 162 
PlAiiing Aod grooving machitie, Newton's pftU, 

169 
PlAie-iroo girder bridge. North- Wetterii railway 

CauideQ^owD, 3til 
Plough, steaiu, Ubher's} jjaL, 329 
Plooghing by sieiiiii, 130 
Pl> mouth aod Cottoomn library, 310 
Poetry of architecture, Edmestoo, 21T 
Pontoon, tnoDisterT in the Humberi 12 
Poo toon railway bridge, DubtiOy 174 
[ Poole^ on developmeut of geometrkal tracieryi 382 
Portsmouth, opeDtog of new dock, 330 
Prettwich, oo supply of Bpring water to Loudon , 

Priociple« of deflign in architecture, Garbett (rev,) 

lU 

Priutio^ machioe of the Times, E. Cowper, 205 
Procerdiogstjf scieDlific Bocirtiea, l9»0y, UM, t2S, 

128, 141, 15S, 156, 159, 172,203, 217, 23U, 2^9, 

32S, 3S8, 365, 397 
Profe^ioaaljunfldictioD, 144 
Protect toi3 of iron from oxidatioo, 71,232, 272 
PruMian rait way a, 368 
PotUc enterprise and the giiverntueut, 34G 
Public flcutpl^ire, Park on, 372 
Public work^ to Algeria, 355 
Puuip fur acidai and liquora, Dall*8, 240 
Purcb&ae maclmiery, Miller's improved, 44 
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Railway arcade, Tooley-atreet, 3r»0 
Railway acro»§ the Islfimui of Panama, 271, 333 
Railway axles^ deterioration, McCotinell, 120 
Railway, Barlow od permauent way of Nortb- 

W«tern,204 
Railway board interference with engineera, 104 
Railway carriage iprlnga, A dam a, 1 1 7 
Railway cbaira, TorktoK^oa*^ t>^^-i '^^^ 
Radway economy, Lardner (rev,j 170 
Railway over bogs, con&iructioo of, HenmD», 107 
Railway points aod cro&aioga, Cam|)bell, 27(> 
Railway pontoon bridge, Dublin, 174 
Railway rope, American, 108 
Railway station al Chester, 335 
Railway aiatitjn« iron roor, Livrrp^KiU 105 
Railway structuref, report on ircm tor, 42, 40, 64^ 

115,181 
Railway tra^c, receipts and etpeodilure, 7i 
Railway tunnel at Sienua, 36^1 
Railway viaduct, TafT Vale, 1 m 
Railway wagon cutering«, 1 14 
Railway wheels, Chambers^^ put., 200 
RailwaySi branch. Bourns on, 26 
Railways, East Indian, 72, 141 
Railways in Ireland^ advanced and repayments, 

171 
Railways in Prtjssia, 368 
Railways opened in 1849, 70 
Rangabe on ancient Greece, 289 
Rankioer on elasticity of solids, 394 
Rankioe, oo elasticity of vapour of mercury, 15 
Reflecting telescope, Nasmyth, 328 
Regenerative condenser, Siemen^s pat,, 200 
Register of new patents, 12, 168, 199, 230 
Registers, parochial, 208 

Report of Board of Health on water supply, 238 
Report of Hon. W. Napier to Board uf Health, 

S98 
Report ofComroissionera of Caledonian Canal, 287 
Report of commissioners on iron for railway struc- 
tures, 42,49,84, 115, 181 
Report of engineer on Surrey drainage, 282 
Report oo failure of J uiner street bridge, 390 
Report uf R. Stephenson on supply of water to 

Liverpool , 190,234,257 
Report, mtrleorological, quarterly, 246, 362 
Revolving Ugbtbouse apparatus, Swan on velocity 

of, 298 
Reward* for scieotiSo purposes, 208 




Jievitwt qf Bo(fkt~^ 

Arcl)it«ctUT»»dlcdoD4JT of termi of, Wc«i», 17 
Arcliit«'cliire, prindpjeit of dctigo lo, Gorbctt, 1 14 
ArthiteclurAl pul^HcaUon tocltfty, 137,233 
Areh}t«cturaJ iketciieft, 'IMnktcTp 130 
Banquet] D^ house, Whii«lull, ekvalloo aad datalLi of, 

HaiiMrd»48 
Bridget, obUane, Buhforth, 171 
Bridges, tubuiju, BHt40iU« and Conway, E Ckrli, 377 
Brfdgei, tubtdir, ttrf of th of msierlAit, TmUt 3Ui 
Brideei, tutinJar trod girder, l>ecn|jtej, -4H 
BiiUdlD^ and mooutneDtm, Godwin, 4^8, 137, 233 
Chapel «iid ichool archkeeturr, jQb»oiiw3M 
CopTTl^pt In d«il^ii. Turner, 137 
C«t^ea, model , G4>ddard, 322 
DwtMlngB of the poor, ^rope, iStJ 
Ecclesiastical pmptrty, valutJoti of, l:t7 
Oeoirrapby of Great BriLaia^ i<«ng and Porter, and H. 

Clarke, 1.% 
Geology, mloeraloffy, and plifakal geognphy, Aoited, 302 
loftlaD raUwayi. Grant, 190 
[n?«ntor« \t\ tiiefui arli, coutiaei to, Turupr, 1^ 
Iron, report on for railway atructure^ c»4, US, 181 
London itrata. lectlon* of, M^lne, 1^ 
Raitway ecoDooiy, Lardaer, 1^0 
m\yoti, pktorial galde to, Walbrao^ 48 
Sepilchri Hiponeiuil, Bruce, 4d 
Sleam-englne cal«dil«m, Boume, 203 
Street aQcl »ew«r, new, Bcardmure, aJ3 
Tomb*, tnodem, Hakcwitl, 47 
VeotUitloa, pmctlcaJ, Burn, 20,^. 231 
V«ntllatloa, Ijnta on, WaJk«r, H'Jl» 
United service lostltutlou, visit to, Uhaw, 18 

Rhine and Seine, proposed canaJ, 361 

Hhine, art *in the, 367 

Rhine, bridge at Cologtie, SIB; award of prises 

for, 334 
Eipon, 'H alhrAn*s pictorial guide (re?.) 48 
Ritchie, on ventilation of coal miueti, 239 
Rivers and canab, steam bauJage on, 208 
Road statistics of Paris and London, 367 
Robe (Col.), memoir of, 20 
Huberts, oo brid|^e<building in America, 263 
Roberts, on dwellings of the labouring classes, 123 
Roman antiquities, Falkener, 69 
Roman provmcial architfctural remains. Bell, 378 
Romanesque architeclure, Edmeslon, 312 
Rome, Ciegg's lecture oo architecture, 146, 305, 

337, 360 
Roof of i^reat eihibition building, 387 
RtHif of Westminster-hall, Morris, 249; Davis, 251 
Rooms, coating of, 290^ 322 
Rope, for American railroad, 108 
Royal f!<i1d medal, preseniation to Mr, Barry, 2t8 
Eoyal Institute of Britiith Architects. 23, 39, 69, 

1% 104, 123, 128, Ifil, 160, 205, 215, 218, 221, 

249, 332, 378 
Royal losLitute of British Architects on cements 

and stuccoes, 332 
Royal Scotiish Society of Arts, 21, 70, 106, 16», 

174,239, 398 
Rudimentary treatises ~d id i unary of architecture 

aad efiKtuee ring, Weale (re¥«) 17 ; history atid 

construction of lighthouses, A» Stevenson (rev.) 

233; principles of design in architecture, 

Garbett (rev,) 114; tubular iron girder bridge, 

Droipsey (rev*) 48 
Ruins uf ancient city in California, 160 
Ryde^s surveyor'a aiaisiaut in selling ont slopes 

(rev.) 233 



Salinomeler, How's pat*, \^% 

Sal I and route's French export ion in London, 10 

Sanitary meajsurei for drainage of metropolis, 138, 
281 

Sanitary reform, ventilalioa as a branch of, Wal- 
ker, 3 !Jo 

Sans Souci, verandah at, 384 

Saturation, chemical, of growing limber, Gyde, 
206 

Saugor Island, cast>iron liglithouge, 309 

Scientific purposes, rewards for, 208 

Scicnlilic aocielies, proceedings of, 19, 69, 104, 
123, 141, 185, 203, 215, 254, 273, 289,. 328, 3a5 
397 

Scoresby, on velocity of Atlantic waves, 3'*0 

Scotland, ancient architeeture uf, Billingh, 23 

Scotland, ordnance survey, 347 

Scotiiah Society of Arts, 21, 70, 106, IT4, 239, 308 



fllDpelter, eitension of pat, 108 
Scrope, on dwellings of the poor (rev.) 136 
Sculpture and architecture of Assyria, ^». 8mirke, 

156 
Sculpture, Park on application of high art to, 372 
Seaford, great explosion at, 333 
Sea water, mineral veins in, 72 
Sebastopot, great naval baaiti, 207 
Sections of the London strafa, Mjln« (rev.) 233 
Security of bridges in Paris, 3d7 
Seine and Rhine, proposed canal, 361 
Seine, Burnell on improvements of, 355 
Sewers, Metropolitan Commiaaioa receipt and 

expenditure, 176 
Sewers of Paris, 367 
Sewers of Surrey side of metropolis, remarks on 

proptised, luO ; report of eugineer, 282 
Sewera, Prince Albert's plan of purifyiOK, 193 
Shannon iron bridge, gigantic pile -driving, 392 
Shaw's visit to Uie United Service Institution 

(rev.) 18 
Stieddeo, on ventitatioti of coal mines, 23 
Shipbuilding on the wave principle, Dodgson4 302 
Shipbuiidiug trade of Liverpool, 347 
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LECTURES ON ARCHITECTURE, 
Bv Samubl Cleqq^ J UN., Esg. 

DELIVERED AT THE COLLEGE FOR GENERAL PRACTICAL SCIENCE, PUTNEY, SURREY: 



PBKSiOENT, RIB GBAC£ THB DUKM 

Tan Lecturer on Architecture iiroposiufr to <leliver a course of 
lectures upon its hktory, monthly, in die Hall of the Ciillege, 
Iracing' the subject fntm its earliest origin to our own times, we 
bave made arransfements for printing thene interesting Lectures in 
4nir Jourrttti; ana we feel satisfied they will prove instructive, not 
only to the young fttudent, but alao tu mtiny of those mure ad- 
vanced in their profesaion. 

We have the gratification of adding^ that free access to these 
Lectures will be given to Members of the Institute of Architects, 
of Hie Institution of Ciril Engineers, and to gentlemen being 



articled pupils in either of the professions, on application to the 
Reverend, the Principal of the College, 

For the fees to the standing collegiate Architectural course, and 
also for that on Civil Engineering, we would refer our readers to 
the prospeftus, — with our recommendation, that they personally 
make themselves acquainted with the system and means of instruc- 
tion at an institution hitherto toi^ little known, but which deserves 
public encouragement on account of the combination of theoretic 
cal and practical science which may be acquired simultaneously 
at thia College. 




Lecture I 



IrfTmoDCCTiow. — Egypt, 



{With an Engramng^ Plate I.) 



HtsToav is universally allowed to he one of the most interesting 
and instructive studies that can occupy the attention of a think- 
ing being. Not the mere chronicle of reigning monarch r and 
party factions; not the record of perpetually recurring war, with 
Its consequent suffering and crime, but the history of the human 
race in its gradual development; of civilisation in its {progressive 
and retrograde movements; of religion and commerce; of litera- 
ture, art, and science: the history of all those things the cultiva- 
■ tion of which have wrought the change from the ignorant savage, 
but little superior to the flocks and herds that clothed and gave 
him fiKid, to the moral and intellectual man he was destined to 
become. 

What e^n be more interesting than (standing as we do in the 
broad daylight of the IMh century) to contemplate the past, — to 
^ope our way through the dark ages, — to pass in review the even- 
ing glories of Rome, the full bla^e of noon in Greece, and the 
early dawn in Egypt and Assyria? In thus looking backwards, w© 
find no art or science in which the genius of each succeeding age 
and country has so fully developed itself as in Auchitkctltbk — the 
art, above all others, most useful and ornamental; adding at once 
to the safety and accommodation, and the delight and dignity of 
mankind. Architecture provides citadels for defence, habitations 
for private life, erects temples for worship, and theatres where we 
seek amusement; throws bridges over the otherwise impassable 
torrent, brings the refreshing stream from the distant mountain, 
raises monuments to our illustrious dead^ — and, in short, has its part 
in almost ey^rf comfort and luxury of life. Architectural re- 
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mains present the only certain records we possess of several 
ancient nations: nor can we arrive at a better knowledge of a 
pecTple separated from us by the interval of ages than by an ex- 
amination of their buildings and monuments. Their temples 
speak to us of their faith and forma of worship; their palaces and 
CQurts of justice of their civil institutions; their triumphal arches 
and tripodti and obelisks of their heroes and benefactors; their 
dwelling-houses of their domestic life; and their places of public 
assembly and amusement of the degree of civilisation and refine- 
ment to which they had attained. Under another point of view, 
also, the student will find himself well repaid by the study of the 
History of Architecture — nothing can tend in a greater degree to 
mature the judgment and refine the taste. Surely, in preparing 
oyrselveR for the practice of any art or science, and in order to 
carry it still farther towards oerfection by our own endeavours, we 
ought to obtain a complete knowledge of those inestimi*ble trea- 
sures with whieli the taste and genius of our forefathers has 
endowed us. But if we would really tmrtiy we must approach 
this, like every other study, with a mind free from hastily -formed 
opinions, and unfettered by prejudice; we must be willing to 
admit excellence wherever it exists, and to perceive beauty wlier- 
ever it is to be found, as well as to detect the barbarous and mere- 
tricious. We must recollect, in our examination of different 
styles, that no original forms were arbitrarj' or accidental; that 
wherever the manner of construction is suitable to the material — 
wherever the style of nrchitecture corresponds with the climate, 
and is adapted to the sentiments and manners of the nation and of 
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tlie a^rc — wherever it constittites in its principal forms and in its 
d^taiis and ornatnonts nn harmonifiiis whole, ti'jectmg everyihing 
inconsiisterit with and fureig^n to itself, there we may ftud snme- 
thing to lenrn from and tu ailmire: (it»thing is to be condemned 
but what is inlianironicius and unsiiitfildt*. Thesie prinrijded will 
ae^iiit in forming a judRinent on the worlss of id\ jifres and nutionft: 
Henri n^ them in mind, ue shall eiisily perceive wjrere a s;tyie has 
been hi»r rowed — where H him owed its orii^in to a d liferent climate 
and different e i re um stances, by the character of nneojiiiecter)nei»s 
and uniiuitahlenesM it is sure to retain; until some artist c^f pre- 
eminent genius steps in, and succei^isfully ftirma out of the n%Hii» 
of collected material, a new, national, and consistent style of 
huildin^, 

Whnt can be more sublime than tbe monuments of old Ei^ypt, 
where, by simple grandeur of outline and sculptured syuibol, a 
nation in the infancy of the world was struggling to express the 
childlike earnest veneration f(>r the unseen and unknown around 
and ainnit it? — or whiit more ludicrous tban a miniature pyhm in 
the crowded thoroughfare of a ^eat city, or a dromos of minute 
Rp In axes keeping watch over the door-scruper and enu^ entrance- 
liiill of a retired citixen's suburban villa? U'hat couhl be nuir© 
beautiful tbnn the ^litterinp^ shafts of Pentelic marble, risimr from 
fiome tall clitf, the Lindmjirk of the Greek adventurer on his Imnie- 
ward wuy, or ifleaming- in the ^uuli^rht from amidst the consecrated 
g^rove? — or what m<*re unsuitable thiin an imitation of such a temple 
trnni^planted into the damp and fog^jurv' atmosphere of England, anil 
misconstrue ted into doing service as a dwelHng-hou«e, with its 
portico tu obstruct the scanly light, and low-pitched roof to lodge 
the THin ciud snow? Can anything be more gloriuuf*, more «i;::nifi- 
cant than the Oothic cathe^fral, with it** flowing lines and multi- 
plication of parts, leading the mind onward to thoughtiiof immen- 
sity «nd infinity; and shaft upon shaft, arch and tower and pinnacle 
riaing for ever upwards, like the aspiration of the ChriKtian?^? — or 
anytbing more appropriate to the spirit of the age than the strong- 
bold of liie feudal baron, with its battlements and wntch-towers, 
the terror or protection of the surrounding district? But what 
shall we say of a cottage in the pointed Christian style, perb rips 
w itb the addition of a row of chimneys /) ta CtHtjitf^^^itninf^nr of a 
castellated mausiiui, in every other reJpect probably, the very beau 
ideal of peace and security? 

By the study of the History of Architecture, both excellencies 
and defects become more evident, so that I would dwell upon it 
not merely as an entftttfiuy Mtttfit/^ but as one of the highest pr^icliciil 
importance, both to the architect and amateur. It is interes^tiiij^ to 
find the high estimatii»n in wliich the arts were held in ancient 
times. During' the intervals of peace, the spoils of war and the 
thoughts and energies of rulers and people were dedicated to the 
adornment of the beloved native land. 

In Egypt, the profession of artiHt was considered one c»f such 
importance, that no illiterate person whs iiUowed to exercise it. 
Aganiedes and Tropbonius, princes of Orchomenes, in B^etiu, 
receiveil from their countrymen an apotheosis, in honour of their 
•kill in the mechanical arts. And the Etruscan lucumones, nr 
nobles, were not only the senators, and generaln, anil priests, Imt 
also the aAtrouomers, engineers, and arcliitects of their couutry. 
Wherever architecture has been encoutfiged, it follows naturally 
that painting and sculpt tire, and all the decorative arts, have flou- 
rished at the same time, and have been held in equal estimation. 

Though we nuiy imagine buildings to have been amongst the first 
wantii of mankind, yet, from the probable slightuesa of material of 
those primitive constructions, our oblest architectural remains 
niust date many centuries stibsetpient to the woinlen or mud htit?* 
of the early races. In tracing the first steps in the art, therefore, 
we are left to mere e*mjecture. As we must suppose the first men 
living in a warm climrite, we may also im;igine that little more was 
necessary to them than what Nature had bestowed— t lie groves for 
shade and shelter, and the spontaneous produt^tioiis of the soil f<ir 
food; thus they lived without care lu labour. But as m.inkind in- 
creased, it was necessiiry to dispei*se to procure a sufficiency of 
food; and t'olouies from the primeval tribe, wandering to colder or 
hotter regions where Nature was less liberal in her gifts, they were 
forced tu think, to invent, to bdiuar, in order to provide for tlieir 
subsistence. We may suppose these early colonists divided into 
three classes — Hunters, Shepherds, and Agriculturists. 

1st, The Ihtntrr^ leading a precaricnis and solitary life, depend- 
ent upon his own individual exertions, and fret|uently changiuja: 
his haunts in following his prey, would, when wearied by day, con- 
tent himself at night with a cave, or any other natural shelter, 
where be might prepare bis food and recruit for the next day's toil. 
This is the rudest state of existence; nor do w*e find the Indian or 



New Zealander in a much greater state of civtlijuition than their 
most remote ancestors may nave been. 

2nd, The Shrphenf, living a patriarchal life in the midst of bis 
flocks und herds. As it was necessary for him to seek the open plain 
for pasturage, he c«iu!d not have recourse to the rocks or forests 
for shelter; and as his was a wandering life, moving off to new 
districts as the supply of food was exhausted in the old, neither 
could he build himself a fixed habitatiunr therefore, we universally 



find a shepherd people living in tents^ — which, when required, could 
^ ? removed with all the goods and chattels appertaining. 

3rd. The AyneuUurMtit — and it is to this class we must look for 



the first institutions of social life, and conseuuent progrestii uf 
civilisation. The agriculturist was necessarily hxed to one ^ot; 
labour was divided, the industry of each became beneficial to the 
whole* As the community increased, a small portion of the popu- 
lation was found adequate to the tillage of the soil; the renuiiuder 
must therefore devise some other method of profiting by their 
time and labour: man's energies were thus first called forth to 
create and supply artificial wants; members of isociety became 
dependent on each other, rights of property were acknowledged, 
excbttnge of commodities effected, and laws were frunied to protect 
the weak against the strong. The increasing wealth of the com- 
munity demanded additi(U)al means of safety; not only were 
houses required for the people, and buildings in which to store up 
the grain, but walls must be i^rected to protect the infant state 
from the incursions of their less industrious neighbours. A chief or 
king was chosen to enforce the laws, direct the councils, and Jejid 
the warriors; and as all were occupied with their several avoca- 
tions, a priesthood was set apart to watch over the interests of 
religion, and f»fi^er up sacrifices to the gods: then altars or temples 
were erected in honour of the presiding deity, and a palace ill 
which the chosen leader might reside with becoming dignity. Other 
habitations naturally multijdied around the altar and the palace: 
and thus the first cities originated. Frequently, in the earliest 
times, the king was at the same time higb-priest; and then we 
find, as in Egypt, the palace and temple in one, and the ball of 
justice an essential jtiirt of tlie edifice. Ctradnally as one city 
arose after another, communication was opened between them by 
land and sefi, and roads and harbours wer^ constructed. Some 
united together under one chief fur mutual jirotection, others were 
offshoots from the mother city, always acknowledgiujr her as their 
metropolitan: thus kingdoms were formed, and civilisation pro- 
gressed — nut only in time of peace, but in this infant state of 
society even more rapidly in time of war. — the conquerors adding 
the arts and learning of the conquered to their nwn previously 
acquired knowledge. It is tliis triinsmission and diffusion of ideas 
that makes it so diflit'ult to point to the exact ftrigin of any art or 
science, and has caused sti many dissertations, whether to Egypt, 
to Phienicia, or to Indifi, we owe the first advance in the march of 
human progress. Letting this question rest, I prefer to speak of 
Kgypt first, as w* have more ancient, authentic, and copious 
records of this, than of any other nation of imtiquity. 

Egypt will always claim a high place in our interest. To quote 
the words of Mr. Sbarpe, after speaking of the liistories of the 
Jews, of (Jreece, and of Rome, be says: "After these three his- 
tories, tliat of Egypt may certainly claim the next place, from the 
influence which tliat remarkable country has had upon the philoso- 
phy and science of the world, and from the additirms it has made 
to the great stream of civilisation; wbieb, after llowing through 
ages of antiquity, and fertilising the centuries through which it 
has passed, is even now, in its present fulness, still ctdoured with 
the earliest of the sources from which it sprung. Architecture 
and sculpture, the art of writing, and the use of paper, mathe^ 
niritics, chemistry, meilirjrie, indeed wa might add legislation, and 
almost every art which flmirishes under a settled form of govern- 
ment, either took its rise in Egypt, or reached Europe through that 
country." 

Before examining the Architecture of the Egyptians, it is neces- 
sary cursorily to notice those peculiarities of situation, climata^ 
and habits of thought, from which it took its rise. Egypt bein^ 
little more thai» a strip of country formed by the annual inunda- 
tion of the Nile, in the midst of a sandy desert, bounded by 
rocks, was so far isolated and protected by the nature of its Hitun- 
tiiui, as tu be less subject lo those perpetual juviisioiis »nd inroads 
that form so jnominent a part in the history of other countries. 
Eg)'pt could only be attacked tbnuigb narrow and difiicult pajssoi 
frwni Etbin|ua,. Syene, or Arabia Nabattfri: consequently, we find 
the same dynasty governing many hundred years. Manet ho gives 
a list of native Thinite, Memphite, «ind other kings, incUidin|c 
sixteen dynasties, extending over a period (if we may believe him) 
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nearly 4,000 years before the invasitm of the Shepherd Kin^ 

)uring thisi time, the arts and sciences had made greater pro^eas 

in any other country. The soil and cliniHte also had great 

fluence in forming the character of the people. The continual 

*" l^le ta pres^erve the valley of the Nile from the incroacliment 

.^ & desert — or, as they expressed it, the perpetual conflict be- 

reen tlie ^od Oairis (who anniuitly arose from his bed in Phihi?, 

> scatter blessing!i over the land)iind the evil spirit Typhon — c»Ueri 

[>rth all the energies ^>f the people, and long preserved them from 

" at enervating spirit of lujtnry and sloth, to which the downfall 

so many nations may he traced. The peculiarities of their 

ountry, no doubt, also tended to make them the serious, devout 

people Herodotus describes- lie ^ays, *'*they are very religious, 

Rnd surpa^^s all men in the worship they render to* the gods.' 

They saw their land fertilised every year by the hand of Provi- 

ieuce — the waters rushing down from an unknown source, and 

in, in due time, receding; they beheld the sun sinking, night 

Imfter night, behind the unexphjred nnd silent tracts of the great 

|Lybian desert; and there arose within them an awful sense of the 

livine and mysterious, a haunting consciousness of the im potency 

of roan compared with tlie ttnmtfntionuhie Owe,* to whom supreme 

lioniage was paid. The Nile was the gri?at s^ource of the prosperity 

>f the country in another way; it was the longest inland navigation 

cnown to the ancients, and became the route by which the wealth 

[>f India was exchanged for thwt of Europe; thus pouring a con- 

Itinual stream of riches through the land of Egypt. So early were 

Ithe advantages of the Nile navigation appreciated, that villages 

iwere thickly scattered over its valley, while the neighbouring 

[eountrieft ol Arabia and Syria were only scantily peopled by a few 

rherdsmen. The population of Egypt went on rapidly increasing 

under these favourable circumstances, and in the reign of Amagis 

11, (506 B.C.), it amounted to seven millions of inhabitants. 

We do not poflsea^ many legends or tr^jditions respecting ancient 
[Egypt;— other nationft boast of their poets and bistorian^; but here 
llhey carved the names and deeds of their kings and heroes in 
utone, and painted the history of their private life on the walls of 
|-ibeir tombs: so that if we have les« of poetic fiction, we have a 
nore certain basis of reality. 

The name of This occurs as the first Egyptian city; then we 
have the names of numerous kings of Thebes and Memphis: of 
lliese we have no certain data; we only know that they carry us far 
[up the stream of time; and when Abraham vii^ited Egyjst (about 
ridOO B.C.), he must have found the country already in a high state 
of civili*i»tion. Next reigned the abhorred llycsos, the Shepherd 
Kings— thowe "men of an ignoble race," as Manetho calls them; 
^& after their expulstcm, a succession of native sovereigns extends 
Hover a period of 500 years. During thia time, Thebes was the 
^1 chief city, and Esy'pt surpassed every country in the known world 
■ in riches and power, lioo b.c, Upper and Lower Egypt were 
^Bunited under Thothmosii* II., and Queen Nitocris; and in'tbe reign 
^■©f Amnopth II, (1300 b.c), Moses was educated in aJl the learning 
^ of the Egyptians, In the fidlowing century (I20<) b.c.)^ we arrive 
at the era of Kameses the Great, the Augustan age of Egyptian 
, history; the age in which native arts and architecture was brought 
I to the greatest perfection. The following 500 years, frtnn the time 
|of Shiishak, the conqueror of Rehoboam, the Thebaid sunk to the 
itink of a nrovince, and Memphis once more became a capital city* 
The wealth and population of the people continued to increase, 
*^~ I patriotism and virtue had declined. Instead of adding to the 
iticent monuments of their predecessors, the monarchs now 
wed their riches in hiring Greek mercenaries to support their 
throne. It was in this period that the Greeks began to seek infor- 
mation from the learned Egyptians; and the illustrious names of 
Thales^ Solon, and Pythagoras, occur amongst those tif the travel^ 
lere of that age. Mercenary aid can do little when nntive valour 
fails; and Egj-pt fell, under t'amhy8c«(523 B.c), never to rise again 
in her pristine glory and independence. The country passed sue- 
eewivelv under the yoke of Persians, Greeks, and Romans, though 
nominally still governed by independent princes. As long as native 
sovereigns remained to her, however (though onlv in name), the 
Btvle of architecture altered hut little: but soon after the reign of 
CUeopatra, it was merged, together with the kingdom, in that of 
all-conquering Rome. 

In the general forms of their architecture-, the Egyptians seem 
to have imitated the angiilarity of the bare rocks and drifted sand- 
' Jtl the long horizontal lines of the desert plain. Their 

[ materials consisted almost entirely of brick and stone; the 

«jnii|^eMinis trees being pnncipaUy palnij Kycamore, and acacia (the 

* It WM ooDiltttrtd implouj by iht £|fypLluLi to n*mt Iht Supreme B%laf, 




former, deficient in strength and durability — the latter, too scarce 
to be used to any great extent in their buildings), served for house- 
hold furniture, mummy-cases, &c. Wood wan so highly prized 
by tbein, that cedar, ebony, and other rare woods, formed part of 
the tribute imposed on conquered nations; and Eru^t Indian ma- 
hogany waa imported amongst the most valuable productiona of 
that country. 

Brick »eems to have been the ftrst material uAed^ probably before 
the art of quarrying stone was known ; it was afterwards employed 
in constructing walls of inclosure, and in buildings where cheap- 
ness and expedition were greater considerations than durability, 
Egyptian bricks Mere generally crude, mixed with straw and dried 
in the sun ; kiln-burnt bricks were occiisionally used in foundations, 
quays, the raised terraces on which the towns were built, or in any 
situation where they would be exposed to frequent contact with 
water. The crude bricks were about 15 inches in length, 7 inches 
In breadth, i*nd « little more than 5 inches in thickncis*.: this sim- 
ple material was found to be peculiarly suitable to that dry, hoi 
climate, where rain scarcely ever falls; and were further recom- 
mended by the ease and rapidity with which they could be made. 
The brick-fiidds afforded abundant occupation for numerous la- 
bourers ; and the demand was so great, and the trade so profitable, 
that the Eg)'ptian government took it into their own hands, and 
considerably increased the revenue by this monopoly. In order U* 
prevent unauthorised persons from engaging in this manufacture, 
a seal, containing the name of the king or some other privileged 
pers<in, was stamped upon the bricks before they were dried : nu- 
merous bricks, thus stamped, have been found at Thebes and else- 
where. According to Vitruvius, crude bricks should only be 
manufactured in spring or autumn, in order that they may dry 
slowly; those which are made in the heat of glimmer speedily dry 
outside, while the inside remains moist : the brick thus becomes 
deft?ctive, and ea?^ily gives way. He further observes, that bricks 
ought to have been dried hve years before they can be considered 
tit for use, and that their having been so should be certified by u 
magistrate. If these roles originated with the ancient Egyptians, 
it is probable that the stamp befrtre mentioned may also have been 
a warrant of the solidity of the bricks. 

The boundary rocks on each side of the valley of the Nile, 
afforded abundance of stone for every pvirpose. Basalt, syenite, 
and porphyry for obelisks and statueii, and limestone and sandstone 
for building, is found from one end of Egypt to the other. 

An ancient Egyptian city must have presented a very different 
appearance from those of any contemporary nation, from the 
ahftcnce of the surrounding walls, that form so striking a feature 
in Asiatic and ancient (ireek towns, — ^the isolated position of the 
country precluding the necessity of this mode of protection. In 
order to check the incursions of the Arabs, a boundary wall of 
crude brick extended from Pelusium along the edge of the dessert 
by Heliopolis as far as the Ethiopian frontier at S)'ene, a ilistance 
of alumt 187 Roman miles: many vestiges of this great work are 
still remaining, Walls of incUisure surrounded the temples; hut 
these walls, though s<»me times as much as 2i feet in thickness, 
appear to have been less for the purpose of defence than of mark* 
iug the boundary of the sacred in closure. 

The monTimeuts of Egypt may be divided into Bix kinds : — 
1st, Pyramids; 2nd, Those enormous piles adapted to the tlireefold 
purpose of temple, palace, and fortihcatlon; 3rd, Structural tem- 
ples, fortified and unfortified; 4th, Temples, partly excavated, 
purtly structural; ,Stb, Monolithic and excavated temples; and, 
(ith, Tombs. 

The pyramids of Cochome are not only the most ancient monu- 
ments of Egypt, but probably the oldest in the world. Manetho 
ascribes them to Venephres, king of This, in the 1st dynasty. 
The great pyramids of Geezeh were built by Sftphis, or Cheops, 
and his successor, Sensuphis, as it is supposed, about IfiOU b.c. 
These enormous structures occupy each a square plt>t of about 
eleven acres : the larget^i is 728 feet on each side of the base, and 
about SW) feet in height. The pyramidal form seems to have 
obtained favour amongst all the nations of antiquity. We find 
pyramids in Assyria, in India, and among the remains of Central 
America. It lias been suggested that the form may have originated 
from the old Mithratic worship, and have been symbolical of the ray« 
of the sun. The pyramid may, however, have presented itself a« 
the most enduring form, as we'll as the simplest in construction, 
enabling this ancient people to raise monuments on that gigantic 
scale after which they aspired; nor if we allow that whatever 
tends to create ideas of superior force and energy contains the 
elements of the sublime, can wo deny this attribute to the pyrik* 
loidiS ^nd other marvellous works of the ancient Egyptians. He- 
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rodotus informs us that King Cheops put a stop to all otKer works 
until the building of his great pyriimid should be completed ; 
100,000 men were unceasingly employed, and relieved every three 
monlhs by an equtil numl>er, and that twenty yearn were occupied 
in its erection; he ako pivea as an accotint of the quantity of 
radiiiheB, unions^ and garlic consumed by the workmen (probably 
their only wages) ; on thej^ were expended 1600 talents of silver, 
or, in our money, about eighteenpenee a-year for each workman. 
This "informntion Herodotus gained fnmi the hieroglyphic inscrip- 
tion that still existed on the side of the pyramid in his day* There 
is now no doubt that the pyramids were intended as sepulchres. 
Queen Nitocris erected the smallest of the three nejir Memjihis, 
and cased it with red granite from Syene. In the valley of Sag- 
garah, thirty pyramids still exist, and there are traces of many 
more. 

Both in the plain and on the heights above Thebes, arc many 
remains of small crude brick pyramids, in one of which is the most 
ancient arch yet discovered — Its date is given as IjU) b.c. The 
Egyptians, coni^tant and inflexible in all that bore upon religious 
forms, observed in the construction of their temples the same 
immutable roles ; these edifices, therefore, only differ one from 
another in size and extent. The principitl cliaracteristirs of Egyp- 
tian architecture are vastness, simplicity, and angularity; forming 
a style so stupendous, and so calm in its massive grandeur, that 
these monuments above all others have been able to defy the 
ravages of time, and still strike the beholder with admiration and 
wonder. Inability to combine solidity with lightness, ]»robahly 
produced the massive exterior walls, sloping from the base up^ 
wards; but while the exterior had always a pyramidal form, tn© 
interior wall was vertical, — thus giving a greater thickness at the 
base than towards the summit. Another peculiarity is the profu- 
sion of columns which would necessarily result from the mode of 
roofing, the roofs being formed by huge blocks of stone stretching 
from column to column, always perfectly flat, and without pedi- 
ment: therefore, when halls of great size had to be roofed, it could 
only he done by placing rows of columuK in the interior, to support 
the horizontal blocks, — a method that injured the effect, and 
^eatly interfered with the space* 

The great temples of Egypt were not like those of Greece and 
Rome — a complete structure composed of one order^ — but rather an 
assemblage of porticoes, courts, vestibules, galleries, and halls, 
united together within an inclosure: each one of these parts was 
generally ifulependent of the rest, was ornamented by cohimns of 
a peculiar f**riu, and in its flimensions hnd no reference to the other 
portion of the building. The sucred inclosure wasi suriioinded by 
a whU {as before mentitmed), and was phmted with palms and 
flowering shrubs. From the entrance gateway to the first pylon 
wa« u paved avenue, called a dromos, ornamented witii mws of 
■phinxesor colos«t: from the fir«t pylon we are led to another, and 
sometimes even to a third; these pylons were huge pyrumidal 
towers in pairs, with a gateway between; these were the hulHurka 
and watrhtowers. The entrance doors were elaborately decorated j 
and staircases were formed in the thickness of the gateway walls, 
leading to the flat roof of the tower; they ascended in a direct 
line, from one la ii ding-place to the next, and each landing-place 
was lighted l»y small windows or loop-holes. The space between 
the pylons formed vast galleries or halls. After these we reach 
the prouaos, and sanctuary i>r adytum; frequently, also, there were 
chambers surrounding the adytum, serving as residences for those 
who had charge of the temple and the sacred animals. At the 
posticum there was sometimes another large hall, probably serving 
as a hall of justice; and Diodorus Siculus informs us that the 
sacred writings were kept in an apartment in the temple. The 
halls and vestibules were lighted from the top; the root over the 
centre part was raised above what may be called the side aisles, 
the spaces between the necessary supporting blocks being left 
open, or tilled- up by a stone grating, — thus producing a solemn 
twilight, which must have been both imposing and refreshing after 
the glare of the scorching sun and blinding simd. I must not omit 
to mention one great singularity of cimstruction, which is, that the 
inner apartments of the temple regularly diminished in si:ie: thus, 
the pronaos was smaller than the vestibule, and the adytum than 
the pronaoa. The side walls gradually sloped inwards, the ascent 
of tne ground wiis furmed by shallow steps, and the descent of the 
roof concealed by massive transverse architraves; thus the sanc- 
tuary, to which the priests only were admitted, appeared to the 
worshippers not gmall, hut distant. This plan is most strikingly 
apparent in tiie temple of Oniboo, 

The shafts of the columnn are 'iither polygonal or circular; it 
does not appear that the Egj'ptiuns had any fixed proportiona. 



The columns were always massive, and those in the great hall at 
Karnac are ! 1 feet in diameter ; owing to the buildings being so 
much choked up with sand, it is difficult to ascertain the exact 
height, but the loftieiit columns {those of Luxor), probably do not 
exceed 56 feet. The polygonal columns are the most ancient; 
those of Beni- Hassan and Kalapshe may be of doubtful origin, 
tliough the shafts of the latter excavation have received a more 
undoubted Egj^ptian chariicter from the stripe tt£ hieroglyphics 
extending frtmi base to capital in each shaft. The oldest purely 
Egyptian form resembles a bundle <»f reeds bound together with 
cords; the capital is formed by the bulging out of the reeds, as 
would natTirally result from the pressure of a superincumbent 
weight; the shafts are compressed at the base, as if tne reeds were 
more tightly bound. 

The capitals do not vary so much in form, as in ornament; they 
are generally ^^ase-shaped, or present a graceful curve— perhaps 
imitated from the palm branch. These capitals are the first traces 
we discover of imitative tiiste, the decorations being exclusively 
copied from indigenous plants, and representing the delicate leaves 
and blossoms of the lotus, the palm, vine, or papyrus (as shown 
in the opposite page). Other capitals were surmounted by heads 
of the goddess ma, supporting a miniature adytum, as at Dendarah 
and PhilflB, 
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The capitals of the columns in a hall or gallery, though symme< 
trical in form, were frequently infinitely varied m ornament, as in 
the temples of Edfou, Esnce, and Fhilos, rhongh, on account of 
the accumulation of sand, the bases of the columns are no longer 
visible, it may he conjectured, from the narrow inlercolumniations, 
that they either had none or stood upon a simple plinth, as in some 
of the excavations. The profile of the entablature is little varied; 
tlie general crowiung member is a large bead andcavetto, as shown 
in the engraving of the nylon of Thebes. Si>metimcs the frieze id 
sculptured, sonietime^j plain, or carved vrith hieroglyphics. 
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CavettCJ (sonietliing reseniLIing' the tn^lyph) sepsrated the ovala 
contJiinin^ the nnines of the kin|rs, huilders, or rentorers of the 
temple. The sculptured frieze w»s frei|ueiit!y f*.>rtned H' ruwH of 
the sacred asp aiirl fcrlube: thus they appeiiled to the lievotional 
feeling of th** jie«^ple, or t»ught them a history in every decora- 
tion, Occasionally, the shafts of the colunirii* were raerely coated 
with white sturco, — and, to our ^reat surprise, we sometimes 
find eren the beiiutiful granite of Syene treated in a simitar 
manner. 

When sandstone was employed, it was necessary to cover it with 
a smooth, unabsorhent composition before paintini^. In painting, 
red^ blue, and green was the favourite oombination; when black 
was u>ied| yellow was always introduced as a contrast. Tlie reds 
and yellows were ochre*; the blue, metallic, prepiired from copper; 
the black, lamp- black; and the white, finely-prepared g^ypsum or 
lime: these paint?^ were mixed with water and a little gum, to ren^ 
der them more tenacious.* 

The Egyptians were well acquainted with the manufacture of 
^laNs and enamel : a chamber in one of the pyramids of Siiggarah 
IS lined with blue porcelain slabs, like Dutch tiles. 

That the Et^^ptian* had a thorough knowled^re of the art of 
masonry is evident — the stonework in the interior of the great 
pyramid of (ice/eb Iiaa never been surpassed in any age. The 
shafts of the columns were sonietimee carved out of one solid 
block; but when formed of sandsstone, were built in courses vary- 
ing in number according to the height of the column — Fococke 
counted seventeen courses in one column. More than one kind of 
cement was used by the Egyptians: the mortar employed in build- 
ing the great pyramid was lime mixed with ^nd. Occasionally, 
the stones were httcd one to another without cement; and in t^nie 
cases where they have beconje partially separated, wooden toggles 
are observed. 

It is singular, that in a country where bo little rain falls, the 
architects should have been so particular in 6tting the f^ones that 
formed the roof; hut so attentive were they to this, that besides 
carefully cementing them together, the interstices were covered 
with a piece of stone let into a groove of about eight inches 
jn breadth, extending equally on each side of the line of junc- 
tion. 

I have already noticed the discovery of the arch in the brick 
m^ramid near Thebes; but the moat common kind of vault in 
Egj^pt was formed by layers of «tane projecting one beyond an- 
other, and capped by a fjorizontal stone at the summit*: the in- 
verted steps were afterwards hollowed out. In one or two in- 
stance?, the great stones forming the roof have been placed on the 
supporting columns edgeways, instead of on their face, so as to 
give a sufficient thickness to allow of their being hollowed out, 
and thus forming a vaulted ceiling. 
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Crlo-Spblnx. 

There seems to be some doubt as to whether the Sphinx is of 
^ID'P^»« or Assyrian origin: it occupied the same position in both 
countries — at the entrance of the palace or temple; and in both 

* Tbt flntlf ptlttted colunina of Karaac, tftm. 00 W tl&owtng ia thttr ■imott |>rLitlBie 
beauty, wire Ualcd Ln «r»ter coltmr. 



countries expressed the same meaninff, being t}'pical of the mo«t 
perfect union of physical and intellectual power. In Egy^pt, it 
waa used a» the symhol of the king or governing power* The 
Egyptian sphinx was of three kinds — the Andro-sphinx, or human- 
headed; the Crio- sphinx, or ramVheaded; and the Hieraco-spbinx, 
or hawk-headed: they were all represented with the body of a lion, 
and a small figure of the king was occasionally placed between the 
paws. The great sphinx near Memphis was carved out of the solid 
rock, in the reign of TbolhmosiH IV., about 1300 nx.; according 
to Pliny, it measured (*3 feet from the ground to the top of the 
head, was liiJ feet in length, and the head round the forehead 
1(1*2 feet in circumference. An adytuui, with an idtar for sacrifice, 
was placed under the chin, tjo that tfie worshippers walked up the 
avenue formed by its huge paws; and the smoke of the incense 
ascended to the nostrils of the monster. 

In their sculpture^ as well as their architecture, the Eg\^p. 
tians were restricted to the same original forms by religious rules; 
it is therefore difficult to judge whether, if such had not been 
the case, they would have been able to delineate the human figure 
correctly. iVe know thev could give the idea of action, from 
the animated groups in tfie paintings on the tombs. Never- 
theless, the Egyptian statues have an effect of calm grandeur, 
and a serenity and benevolence of fispect, that cannot fail to 
excite a feeling of veneration, as they sit with their hands 
placed straight on either knee, peacefuUv looking out into space, 
and smiling upon the centuries as they have rolled by; or stand 
with folded arms, bearing the flagellum, as the inflexible judges 
of human deeds* 

Thebes contained two great palace-temples — El Karnac and 
Luxor; the palaces of Medinet-Aboo, and the Memnonium 
or Rameseum, besides other great buildings, as the temple of 
Dayr-el-Bahree, built by Queen Nitocris, and that called the 
tomb of Osymandyas, where stand the onirides, improperly called 
caryatides: it is worthy of remark that these osirides do not 
sustain the entablature, hut are merely attached to the sup- 
porting pillars. 



y^ 



The most ancient building is the palace- temple of Karnac; __ 
was the work of many successive king*?, and is now the largest and 
perhaps the most splendid ruin in the world. The waU of the 
sacred inch»sure would apnear to have encompassed an entire city, 
rather than one edifice. This stupendous structure was founded 
by Oisirtesen L, upwards of IGOUb.c. It was enlarged by Queen 
Nitocris, who set up the two great obelisks in the court, each 
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in height. Thothniosis II L made several addittons, which 
irried on by his son, Amunotliph II. (1321 fi,c.), in whose 
be ftTts of painting and sculpture m«de rapid process. — 
in the columnitr hall built by him at Karnac, with reversed 
s and capitals, we find a greater instance of ciiprtce than of 
iHie, This palace-temple wai* enhirged and decorated by 
every succeedinif monarch. To give an idea of the gigantic 
ions of thifi edifice, it may be mentioned that the greiit 
a*«emblv is 321? feet in length, by UO feet in breadth* and 
in height^ and containing 134 columns; the lintel of the 
y is formed of one sand.'^tone block, 40 f I, 10 in. in length 
L 2 in. in depth and breadth. The walk of this enormous 
in* are S5 feet in thick neas. 

neighbouring pal ace- temple of Luxor (Plate I.) was begun 
unothph III. about I30U «,r,, and finished by Riimeses the 
nearly ItK) years* afterwards* Two beautifiil obelisiks, of 
inite, bear hh name, and give evidence by their hientglyph- 
two inches deep, of the worjderful skill of the Egyptians 
pturing this hard material. Thi« temple is only inferior in 
that of Karnac : the length of the colonnade leading to the 
n 170 feet; then follows an area of 15,5 feet by 1<57 feet, «ur- 
d hy a peristyle, containing twelve cidumns on every side; 
rminate« in a covered portic(», 57 feet by 111 feet, supported 
ty-two columns. A dromos (not less than a mile in length) 
hundred crio^sphinxes, raised on a causeway far above the 
>f the Nile, connected the palace^templea of Karnac and 
and formed the nniin litreet in the euMtern district of 
Another great drumos — rolled in some papyri found at 
!, the ''Royal street" — crutised the city in a westerly direc- 
fvramunicating with the opposite hank of the Nile by means 
srry. The soil of the desert was paved with sandstone 
as a foundation for the dronios. 

palace Bometimes called the Memnonium,but more properly 
meseum, was built or completed by Rameses the CJreat; this 
»g, and also the palace of Medinet-Abtio (built by Ramese« 
l(>0 B.C.), do not seem to have been u»ed as temples, but 
dv united the citadel with the royal ref^Jdence. The cele- 
Pair^ called the Memnon stfitues, 'mea^jring each 60 feet in 
fts they sit, guarded the entrance to the dromos of the 
►eum; the rest of the avenue was formed by numerous pair-^ 
iisai, nearly aa large, but whose fragments now strew the 
I. 

city of Memphis has ceased to exist. The temple of Pthar^ 
lidence of the sacred A pin, and all the other great buildings 
ihich it was adurned, have been completely buried or de- 
d. Diodorus Siculus informs us that with its suburbs Mem- 
l4 a circuit of upwards of 16 miles: hut now it presents 
g to the eye of the traveller but a sandy plain, an over- 
1 rolossus of Ramescs 11,, a fevv fragments of granite, and 
foundations. How have the mighty fallen! 
ingst the numerous temples erected in Egypt, none are more 
iting than those adorning the sacred island of Philte. This 
rises majestically with its monuments in the midst of the 
<ili?, above the first cataract, and M'as believed to be the 
place *»f Osiris: **^By him who sleeps in Pliilue," was the 
ians most solemn oath. The Ishtnd is entirely surrounded 
all. marking it as a sacred inclosure, and must have been as 
iting from the beauty of its site, as impo?-ing from the mag- 
ce of the temples with which it was covered. Numerous 
, porticoes, cnluinns, arul obelisks yet remsiin^ and the hy- 
il teniple, or IkmI i»f Phar<fah (as it is Huinetimes called), is 
tie injured by time. Elegant and lofty cidumus, with capi* 
Mjitured in various forms, supuort the entablature; two 
^ door^^ with bnmd imposts in the form of pilasters^ afford 
B und egrea-*; and the sides of the buildmg, iui^tead of being 
y inclosed, have the intercolumni?dions tilled in with low 
»r paoeU, to about half the height of the columns: these 
are finished with the usual bead-and-cavetto moubling. All 
iJding* i»n the inland are covered with sculpture and paint- 
en to I he ^ihafts of the columns, 

Ptolemaic temples of Edfou anrl Esnce deserve ntitice. from 
ri]ui»ite beauty and 6nish of the carving and stonework. 
rmer also possess':*d great stren«:th as a fortification: the 
orlico (like that of Dendarah) is much higher tfian the luMly 
tentple, and the narrow gateway of the pylon is the only 
g in ils massive wall;*. The city of Apollifiop(di«, where 
lend id structure was erected, Mas s^ituated on an eminence 
^king the river and the valley, — the great pylon was doubt- 
bended to command the whole. 



Many of the smaller temples, or those in the neighbourhood of 
larger fortified temples, were without pylons, the principal entrance 
being through the portico; several have a peristyle, as those of 
Elephantine, Ermopolis, and others. 

Of those temples partly Ktructural and partly excavated, like 
that of Dahr-el-Bahree, it is needless to say more than that the 
adytum was carved out of the rock, while the vestibule and pylon 
were built. 

We now come to the wonderful monolitbte and excavated tem- 
ples. There are monolithic temples both at Buto and Sals. The 
t»?mp!e, itr rather adytum, or shrine, at Sais, was intended hy Ama- 
sis to adorn hit great temple in that city. It is said to be a 60 ft. 
cube, carved out of one block of granite. It took ?,000 men three 
years to convey it from the quarries of Esouan, a distance of 700 
miles. It stands in front of the temple. There is a traditi€>n, 
that as the men were about to move it onwards to it*, intended 
destination withht the temple, the engineer heaved a deep sigh, 
which so affected the king with the idea of weariness, tnat he 
commanded the work to cease: and the shrine remains as it was 
then left to this day. 

It has been supposed that the temples and tombs carved out of 
the rock were the earliest attempts of the architect; but this seems 
a mistake, so far as either Egypt or India is concerned. These 
excavations afford a clear proof of their derivation from struc- 
tures, in the architrave reaching from column to ctdumn — taken 
from the benm supporting the roof: this feature is totally fft 
variance with the nature of a cave; and no further evidence can 
be neeessary, as the imitation must be subsequent to the thijig 
imitated. 

The temple of Aboo-Simbel is in Nubia, on the west bank of the 
Kile, and belonged, with so many other stupendous wfjrks, to the 
reign of Rameses the lireat. It wa» discovered liy Burckhardt in 
1813, and afterwards further explored by Bel/oni. It is hewn, 
together with its cidossi, in the bard gi'itstone rock. The four 
cohissal figures in front (only one of which has been entirely 
cleared of sand) represent the great founder, Ramesrs; they mea- 
sure each 70 feet in height, and 25 ft, 4 in. across the shoulders: 
the face is 7 feet in leuicth, and the ears 3 ft. 6 in. On the front of 
the tbrruies, female figurci* are carved, supposed to be intended for 
his wife and children. During the execution of these colossi, 
trhere defects in the stone were discovered, they were filled-up 
with mud and straw moulded to the required form. The adytum 
terminates 200 feet from the entrance, and there four more coloi»sal 
figures are cieAted, side by side, in the dim light. 

Another smaller excavated temple exists in the immediate neigh- 
bourho^)d, dedicated to the gtuldess Alhor; space will not allow me 
to enter uptoi the descrijition of this, ^rarf-Iloseyn, and fitber 
wtinderful exciivations with which Egypt abounds. 

The importance the Egyptians attached to the preservation of 
the body after death, probfthly first induced them to seek a idace 
of sepuhdire in the nei-ghhouiing roi-k, wht're security w<»uld he 
found nirainst damp and other destroying iullnences. As these 
wepulcftres increased in immfteT, as year by year the population of 
the dead more and more exceeiled that of tlie living, the inhabit- 
ants of the cities bebiw would be led to think f»f the brevity of 
mortal existence, and would be impressed with the necessity of 
preparing a permanent home in the everlasting rock, against ilie 
tinje when they should be called to leave their transitory abode m 
the Nile valley. It was the prolitable business of tlie priests to 
prepare these tonibs; they frequently excavated them on specula- 
tmn, selling them at n high price to those whci had not the means 
of commencing a sepulchre early in life, as was tiie custom among 
the weult hy. The prie^sts, tlierefore, took advantage of the natu- 
ral feelings* of the people, and in every way fostered and encou- 
raged their passion for expensive and elaborate tomb decora- 
tion. 

Wherever an Egyptian city arose, we find a nicropolis in the 
neighbouring Lyhiiui or Arabian mountains. These tonibs consist 
of vestibules, hrtlU, giilleries, and chambers, differing in number 
and extent according to the wealth of the occupant, whose nami% 
rank, and mode of life, was illustrated on the w.-ills; they had all 
square doorways, sometimes plain, sometimes with a richly orna- 
mented fa ade. Frequently the entrance to the tomb was closed 
with srdid masonry, but in others the outer chamber appears to 
have been used as a private chapel; and many bad gardens planted 
in front, w here tlie flowers were tended by the hand of some faith- 
ful mo» truer. 

Between three and four miles from the river, in the immediate 
vicinity of Thebes, is a tortuous path, formed by a natural cleft in 
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the rock: this leads to the celebrated valley of Bihan-el-Moluk 
' — the valley of the Ti>mb8, where the great Theban kinga have 
found their Inst resting-- place. Many of thene tomba remain 
unexplored, hut thoise which have been opened are firiilicient to 
attest the wonderful labour and skill, and the vast ejtpenditure, 
laviiihed on their preparation and adornmeiit. 

The tomb <if Amunothph IIL is one of the most extensive of 
the royal sepulchres: it descend* into the aolid rock 320 feet in 
horizontal length, and its perpendicular dej>tb to the place where 
it lit closed by the fallen rock is 18U feet. In some of the inferior 
chambers it is probable members of the king's household may have 
been buried. 

Another richly decorated tomb h that of Oimeneptha, opened 
by Belzoni: in a Binall vaulted chamber beyond the thira and 
lari^st hail was discovered the alabaster aarcophagus now in Sir 
J. Soane'd museum* 

In the reign of Osirteaen I. (about 1650 b.c ), were excavated 
the beautiful ^ottoea of Ben i- Hassan, near Ant in6opoli», the poly- 
l^onal columns of which have been Buppused to be the ori>onal of 
the Doric; thei»e eulumna are 3 ft. 4 in. in diameter^ 16 ft. B^ in. in 
height, and have 16 faces^ each about 8 inches in width; these faces 
are sliffhtly jpooved to the depth of about j-inch, thus fsufi^esting 
the idea of nutini?: a bimple abacus forms the capital* Two co- 
lumns supporting an entablature projecting from tne rock, out of 
which it has been carved, complete)) the facade, tlpon the archi- 
trave a sort of dentel is sculptured; the cornice is too much broken 
nway to allow of a decision as to whether it had the Egyptian or 
Doric character, A heautifullv-pro portioned doorway forms the 
entrance, the imposts and lintel of which are covered with carved 
hieroglyphics. On the lintel the ftdlowing words have been de- 
ciphered: **A good house, food, and drink — brciid, geese, cattle, 
ferfumes, as offerings to the General,, Nahride Nevothph, son of 
)giok." The principal chamber of the tomb is of a stjuare fortn, 
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about 30 feet in length and breadth. Two longitudinal arcbitravea, 
each supported by two columns, similar to those on the exterior, 
divide the ceiling into three parts, each division being vaulted and i 
decorated with stars on a blue ground: the basenieiit and archi- 
traves are covered with hieroglyphics, coloured green on a red 
ground; and the walls* are adorned with paintings representing 
the daily habits of Eg)'[ttinn life, and, it is to be supposed, of 
Nahride Nevothph in particular, Tlie fancy of the artist was 
allowed greater play in the tombs than in the temple, and we fre- 
quently find ornamentjil patterns very similar to those in u«e up to 
tne present dsiy. There are several other grottoes at Beni-Hassitn, 
in one of which are reed-shaped columns; another has polygonal 
columns with pltiiii sides. 

Altiiough the Egyptians expended so much money and labour in 
the preparation of their tombs, they were by no means negligent in 
providing for the comfort and luxury of their houses, I^Vom the 
amusingfy detailed drawings they have left us, we have acquired a 
closer insight into tlie homes and manner of life of the Egyptians 
than of those of any other ancient nation* Diodorus Sicdus tells 



u» that the Egyptians originally built their houses of reeda, Thli 
may probably have been the case; but as brick-making waa so early 
an invention, the reed bouses were mostly soon confined to the 
lowest ciafise« ; and this may be the reason we find no representa- 
tions of them on the tombs. The houses there deHneated are of 
crude brick, as are found in the ruins of the Alabaatron and el^e* 
where, and were covered with stucco. 

One of the houses painted on a Theban tomb represents n tqtiare 
inclosure, to which ingress is gained by doors on opposite sides; 
the door to the left leads into a garden, where is a vine*arbotir^ 
and four treefl. Beyond the garden is a courtyard, where, in seve- 
ral tiers, bread and meat, Sci\ ii^ i!»et out in the air in vases. On tht 
right of this court is a gallery or passage, with a large window : 
then follow M the house, with the entrance-door to the right. This 
house consists of two stories; twu rectangular windows are seen 
with light and elegant imposts and architrave, variously orna- 
mented and painted; the windtiw-shutters are perforated, so as to 
admit the air and moderate the light. Above the second story is 
a terrace, with a roof supported by columns, A cornice runs along 
the side of the house as tar as the entrance-gate, supported at each 
end by a pillar in the form of a stalk of the papyrus, with a square 
abacus. 

Another house Is represented in the midst of a beautiful pleasure 
garden; by the side of one of the walls flows the river, shaded by 
a row of tall trees. From this walk an alley leads to the entrance 
gate; from this an avenue of trees conducts to a smaller gate, 
opening to the vine-arbour. The garden is laid out in walks or 
alleys, some of which lead to tanks of water surrounded by little 
verdant plots, on which vases containing plants are placed; in the 
tanks the lotus is growing and water-birds are disporting them- 
selves. Here are al«o two small pavilions or summer-houses, sur- 
rounded by a halustrade. At the end of the garden, behind the 
vine-arbour, stands the house, which is entered by two doors; two 
elegantly decorated windows give lijfht to the ground-floor; above 
are three stories, the upper one finished with a cornice, on which is 
placed three vases containing papyrus plants. The columns at the 
entrance-door were on festive occauions ornamented with ribands 
and banners: the name of the person to whom the house belonged 
was painted on the lintel or imposts of the door. 

The rooms were usually arranged round an open court, or on 
either &ide a long passage; and in the court was generally a man- 
dara, or receiving room for visitors. The ground-floor was chiefly 
used for store-rooms. The walls of the rooms were stuccoed inside 
and out, and variously ornamented with j».iinted devices. The 
doors were frequently stained to imitate rare woods; they were 
sometimes single, sometimes folding, turning on metal pins and 
secured within by a bar or bolts of bronze. The flrrors of the 
rooms were either of stone or composition; the roofs formed with 
rafters of the date-tree, laid close together, or apart when trans- 
verse la^'ern of palm branches or planks were added. Occasionally 
the ceilings were of crude bricks and vaulted. Sometimes, instead 
of a covered terrace, the house was surmounted by a muli|uf, or 
wind c(»nductor, such as is seen at Cwiro at the present day. In 
gome instances, part of the h*>use was raised above the terrace as a 
tower, and was ornamented with battlements, in the form of half- 
shields. Each house had its granary, sometimes separated from it 
by an avenue of trees. We may judge how much trees were valued 
in that countrj', by the careful manner in which they were tended: 
each tree was surrounded by a low \viill, to protect it from the cattle 
or other injury, with holes bored to admit the air. 

The streets in the townw seem to have been regularly laid out, 
without the mixture of large hou^^es and hovels, so usualin eastern 
cities. As is generally the case in hot climates, the streets were 
narrow, only the principal ones admitting the passage of a chariot. 
The houses of the lower classes were connected together, fti> as to 
form the continuous sides of the street; S4»me of these small houses 
consiisted merely of a court, and three or four store-rooms on the 
ground-floor, — ^with a single chamber above, to which a flight of 
steps led from the court. The upper chamber was so small and 
inconvenient, that it could scarcely he used for anything but au 
t^ccasioniil shelter from the heat of the sun, or a place from whence 
the master could overlook his household; as Sir tlardiner Wilkin- 
son remarks, it calls to mind the proverb : '4t is better to dwell in 
a corner of the house-top, than with a brawling woman in a wide 
house," The shops were either open stalls similar to those in an 
eastern bazaar, or else mere booths in the public thoroughfares. 
The Egyptians possessed also extensive villas with orchards, vine- 
yards, and pleasure grounds. Some of the larger country mansiona 
had pylons and obelisks at the entrance, like small temples. 

In conteniplaling the vast structures raised by the ancient Egyp- 
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e are at a loss to conceive how n people comparatively 
, iif the mechanical arts could have achieved such gri^ntic 
Thouj^h it is probable they had contrivanceH either un- 

i»9i, or now considered as comparatively new invention.^, 

1 all we can learn from written blistory, or from their own 
ed records, it seems th^it they depended more upon time 
kual labour, than upon those arts by which modern under- 
are su much facilitated. It is remarkable that while the 
Da Kave left us such minute and coptouit detaib respecting 
itonis, tradeH^ and manufactures, any notice of engineerinig^ 

extremely rare: this may probably have been owing- to its 
»een under the direction of the priests, and kept as a mys- 
la a bag-relief we see a seated colosf^us which is being 
ropes are fastened t4i every part of the ti^tire, and are then 
1 into one knot, to make the pull equal; and numerous 
[if men are haulini^ it, the eng^ineer standin<7 on the knees 
ipire, directing' their movements. In au other baa-relief 
Ji6n employed In drawing a Ktone. 

■e told that in building the pyramids, in order to bring the 
Dm the boats on the Nile, a causeway was formed, 1000 
Eig and 50 feet hi|<;-h^ and this was probably raised as each 
rt couri^ of stones was added,— sso that each ^one was 
I this inclined plane to its place. If a huge stone was to 
d on the top of a wall^ it wa^ dragged up an inclined plane 

to its destination. We have an account of an obelisk 
B in height, that had been miide in the rei;jn of King Nee- 
tht^ the king Ptolemy Fhiludeiphus wished to set tip in 
Ha, in honour of his sister. To this effect, Satyrius, the 
t, IB said to have dug a canal to it as it lay on the ground^ 
have placed under it two heavily-luden barges. As the 
rere unloaded they floated higher, and thus raised the 
from the grtiund. Unfortunately, we are not informed 
aftenrarda proceeded to set it uj> m its destined poai- 

»rrving stone, wedged were used, either of metal struck 
mallet, or of dry wood, which, when moistened, split the 
We have no reason to suppose that free labour was not 
d, but we know that criminals and prisoners of war were 
fork in the gold mines; and those guilty of misdemeanour 
f have expatiated their fault in the cjuarries. There exists 
iption at the quarries of Gerteasy, in Nubia, '^^l have now 

110 atones for the building of Isis at Philue/' which would 
indicate a penance performed. 

Egyptians must have been well versed in land surveying, 
f, and various brandies of geometry, as well as in many 
as requiring mathematical science* That they were early 
n forging metals and polishing stones, their works remain 
i; the art of gilding was known in the reign of Osirtesen L 
0») We have no record of the discovery of the art of 
luring steel; and from the speedy decomposition of iron 
sl, few tooU can be expected to remain: but we cannot 

the deep and sharp cutting of the Egj^ptian hierogly- 
nd suppose that instruments of any softer material can 
en used. The cuttings may have been sharpened up 
kery, which was within their reach in the islands of the 
lago. 
the Egyptians were skilful engineers, as well as architects, 

abundant proof. The dyke^ directing the arbitrary over- 
be Kile, served alsi* as raised roads — the only mode of land 
ication during the inundation: they followed a tortuous 
siting the various towns and villages on their way« A 
IS cut from the Nile to the Gulf of Suez, in the time of 
i the Great; at the mouth of this canal were sluices to 

the supply of water. And as early as the reign of Tholh- 
I^ between 13O0 and 14<)0 n.c, the Lake Moeris was formed, 
lifiiilated the overflow of the Nile in that part of the coun- 

oy its means thousands of acres were irrigated, and thus 

into cultivation. 

It now conclude this sketch of the Architecture of the 
as: space and time will not allow of more, or volumes 
B written on the subject. If 1 have said enough to show 
b a place the Egyptians occupied among ancient nations, 
ow great an extent civilisation had been carried at that 
period, I must remain satisfied— referring the student for 

information respecting this interesting people, to the 
I works of Sir Gardiner Wilkinson, Professor Rosellini, 
an, Champollion, and others. 
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*^* The Panorama of the Nile at present exhibiting at the 
Egyptian Hall, Piccadilly, will atiPord the student in Egyptian 
architecture a very clear idea of the stupendous works of an- 
tiquity, and well repay a visit. Of course it is to be supposed 
the student avails himself of the Egyptian Gtillery in the British 
MuseutHf and of the Soane Museum. 



DESCRIPTION OF THB COFFEIIDAM AT THE 
GREAT GRIMSBY DOCKS. 

Engineer: Jascbs M, Rendel, Esq. 

{With an Engraving^ Piule IL) 

The position occupied by this cofferdam is one of very great ex- 
posure. It is open immediately in front and on the eastward to an 
estuary 7 miles in width, and on the north-west to the whole cur- 
rent of the H umber for a reach of 20 miles, with a 25 feet rise of 
tide agninst it on the outside, and an excavated depth of 11 feet 
below low water immediately behind it, as necessary for laying the 
foundations of the locks. Moreover, the Humber is frequently 
exposed to violent storms; and finally, this coflferdam, unlike most 
structures of its class, must depend entirely on its own strength 
and form of construction for the requisite stability, as there is 
nothing in it4 vvhule length of 1,500 feet from which to derive sup- 
port of any kind. It is therefore the more satisfactory to record 
that the work was completely carried out without any necessity 
arising for altering a single feature of the design in the course of 
its execution. 

7^he plan of the cofferdam is a compound curve formed of two 
circular arcs, with a straight return on the west side; und the 
versed sine of the curved portion is (200 feet, or) jth of the span 
nearly. The dam consists of a triple line of whole timber sheet- 
piling, of which the outside row is battered iialf an inch per foot; 
and the other two rows are upright. The sheeting was all driven 
between gauge or bay piles, placed 10 feet apart; and the three 
last'driven piles of each bay were accurately sawn to a taper, iu 
opposite directions, ao as to wedge the remaining pile* of the bay 
closely together. The average length of the piles in the first row 
in 55 feet; and that of tfie other two 45 feet. They are all driven 
to enter a bed of bard clay; but the ground through which they 
pass before reaching this bed is of a iveak and BJlty character, 
The width between the iirst two rows of piling is 7 feet; and that 
between the centre and back row is 6 teet. The puddle clay 
occupying these spaces was mixed with one-fourth of small broken 
chalk stone for the first 5 feet in height, and perfect consolidation 
was insured by tipping the puddle throughout, from earth wagons 
on the top of the dam; single barrow-loads, even from thiit height, 
being entirely forbidden. The front aud back rows of piling are 
secured by live tiers of whole timber double- walings; but in the 
centre row, the three lowest tiers of waling have been replaced by 
bands of wrought-iron, 6 inches broad by 1 inch thick, which are 
keyed together in lengths of 12 feet, and' form a continuous tie on 
either side of the piling from one extremity of the dam to the 
other* In t!iis capacity alone they are very serviceable; but the 
principal object of the arrangement is to insure an uninterrupted 
surface over the face of the sheet-piling on both sides, in order 
that the puddle may at all times be closely packed against it with- 
out leaving any of those voids which are inseparable from the use 
of ordinary timber wulings in such situations, and serve as chan- 
nels for any water that may pass along the tb rough-bolts,. 

Another precaution against the admission of the water was 
observed in the arrangement of the long bolts, which were all dis* 
tributed in such a manner as to break joint, never entirely passing 
through the dam, hut in every case terminating at the outer row 
of piling, being screwed uji against the wrougbt-iron plating, be- 
tween which and the face of the pile^ a washer of vulcanised 
india-rubber was introduced. The long bolts are 2^ inches in 
diameter at the lowest tier of walinga, dirainiahing upwards to 
ij inches* 

It is, however^ in the method of giving interior sunport to th« 
(Structure that the greatest constructive exceUence and originality 
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of design will be found to exist. In place of the rows of single 
piles driven at a distance from a dam to wjiieh fitruts rind brace*5 
are tiHiially carried back, here are intri>diiced buttresses or counter- 
forts, consistintc <*f clt»se-d riven rows of wbtile timbfr «bei*t-jnlinp, 
18 feet III dejith, which spring immedintely from the back row uf 
the main pile t^beetlng^ and occur at intervals of 26 feet throuuliout 
the work. The counterforts are utreii^thened by tiers of walin^si, 
corresponding with tho.se in the inner row of the dam, and con- 
nec'ted with tliem by strong Mrought-iroii angle-phites or knees, 
fis well us by horizontal diagonal struts of whole timl»er, aKutting 
in cast-iron dove-tniled sockets. By this arrangement, lho:^e por- 
lions of the dam included between the counterforts derive the full 
benefit of the stren^^nb of the latter, so that the whole structure 
may be said to stand virtually on a base e»pial to 32 feet, or the 
width of the dam plus the de^ith of the counterfort. 

It is almost impossible to overrate the suc*^ess which has at- 
tended this form of construction, for nothing can he more satia- 
factory than the manner in which the coffenlam has resisted the 
daily pressure of the water for the fourteen months since its con- 
struction, as well as the violence of several severe storms to which 
it has been exposed during that period. In order, however, to test 
its stability with the greatest degree of accuracy, the foH owing 
arrangement was adopted: — Opposite to every fourth counterfort, 
at some diHtanee from it, was driven a single pile^ iupporling a 
horizontal arm or index, fixed at the level of higb-wiiter spring 
tides; and of which, the extremity, graduated to parts of an inch, 
rested against the counterfort without being attached to it, so 
that any motion of the latter might be observed and measured on 
the graduated sc^de. The result of these id>ser vat ions was such as 
to inspire perfect confidence in the stability of the work; for 
under the pressure of high-water spring tides, the deflection at 
that level does nwt exceed half-an-inch. So great is the resisting 
]>owerof the dam, that even in severe storms the blows of the waves 
against it are scarcely to bo felt, 

Xovember 26th, 1849. Adam Smith* 



FRENCH EXPOSITION IN LONDON, 

If there were any doubt before as to the public mind beings 
decidedly in favour of exhibitions of arts and manufactures, there 
can be none now. Events of late have given abundtiiit evidence of 
this determined inclination; and the French Exposition io tJeorge- 
street, Hanover-square, very well finishes the year lhi9^ and is 
a gtHid step in the progress towards 185 L 

We have very lately shown the reasons why a great exhibition 
there is of less urgeny than in France, and we will only remind 
our readers that in Prance, or in FrusHia, the public being 
less mechanical, there in a greater attraction in such an exhibition; 
and manufacturers elsewhere being less advanced, it was the more 
needful they should be brought forward in such a way, and receive 
every encouragement from the government and the public. 
Even Portugal has her exhibition of arts and manufactures; and 
throughout Europe, every energy of the government is strained to 
foster the slightest branches of industry. In England, our very 
prosperity makes us heedless, perhaps neglectful; and the most 
glorious inventions are unrewarded by the government, and their 
authors left to the mercies of pirates and lawyers for the chance of 
A subsistence frtim their labours. With the riches of manufactur- 
ing genius dis^ilayed in our great streets, there was no more call on 
our government to set up an exhibition, than to form a national 
workshop for sujiplying the population with winiden shoeis. 

For tfie want of such an institution some excuse may be 
pleaded; bat there can be none that Watt, Trevitbick, Wedge- 
wood, Carlwright, and Stephensou, went down to the grave without 
sharing in the honours at the disposal of the executive. With a 

tjublic triumph awarded to industry in 1851, an occasion may per- 
laps be taken to consider the claims of invcntorii. Some share 
in public honours and rewards may perhaps be given to them; 
some relief from the heavy patent-tax be awarded; some more 
rational tribunal than one compused of lawyers he instituted 
for their protection; and some facility he granted for the opera- 
tions of capital iti their behalf. Statues for the dead a grateful* 
pof^terity may bestow; but bread for the living iij uot too much to 
ask of the present generation. 

The iustitulitm of a National Exhibition of Arts and Manufac- 
tures by the French in the time of the great revolution, is auf- 
ticiently known; hut it is not so ea*>y to trace the progreeiM of like 



institutions among ourselves. The estftblishment of the Society 
of .\rts, above a hundred years ago, led to systematic, though 
restricted, rxertions for the deveb»pment of industry in this 
coufatry; hut their encouragement of inventions and dt^coverieit, 
no less than their museum of models, wiis on too small a scale to 
effect any great good, and in later times it was very partial in its 
o]»eration. Although sejmrate exhibitions of individual inventions 
had been from time to time set up m London, we believe the first 
practical attempt to orfranise an exhibition of the industrial arts 
was abtmt the year 1^32, l>y Mr. Chnrles Payne. This exhibition 
was held in the old King's Mews, before tbf»t building was pulled 
down to make wity for the Niitional (Tallery. After a very 
limited existence, the exliihititm resulted in the establishment, 
by Mr, Charles Payne, of the Royal Adelaide Gallery for the 
Advancement of Science; and afterwards, of the Polytechnic Insti- 
tution, which was organised on a Htill larger scale^ and has been 
more succet*Hful in its operation. 

Elsewhere, one who Iiad rendered such ccmsiderahle service te 
he public wiMild not have been forgotten in the dinposal of patron- 
age; and Mr, Payne in, besides, the author of useful inventions for 
preserving meat and prejiaring timber, with which it is almost! 
needless tn say be has been left to struggle on witliout a help from 
public departments, and with all the discouragement incident in 
thi.s country to those who prctaecute useful undertakings. Cer- 
tainly it was no mean service to establish a museum of economical 
productions, with working models of new machines, a cour&e of 
lectures on meehnnical invention;^, and a laboratory and school of 
chemistry. The Polytechnic Institution^ we have no hesitation 
in saying, has had a large share in bringing about the present 
favourable «tate of public feeling, and in the establit^hment of 
many valuable institutione. 

The movement for free mu««euma, twelve years ago, led to better 
arrungementri at Woolwich and the other clock yards, as museums 
of the mechanical arts. The establishment, at the same time, of 
schools of design throughout the country, was a successful measure 
for the promotion of decorated manufactures. These schools have 
likewise held their yearly exbibitiouii of drawings and deaignB, 

When the Royal Botanic Gardens were f4*rmcd in the Regent*8 
Park, a museum and exhibitions of economic botany were pro- 
posed; but little more has been d<nie than to give the impulse to 
the government gardens at Kew, where a good beginning has been 
made of a museum. The Museum of Economic Ueology is more 
advanced, but there is still an opening for a Museum of Economic 
Zoology. The Botanical and Zoological Gardens are open freely 
to students of the Royal Academy and Schools of Design; but who- 
ever lookn at imr designs and compares them with those of the 
French as shown in Paris, or in London, will see how much we are 
behind in the study of natural history to what the French are. 
Indeed, the main strength of their designs is in their intimate ac* 
<juiiiiitant'e with nature; whereas, our sstudents are Btill copying 
from drawings or casts from tlie antique. 

The operations of the I^Iechanical Section of the British Associa- 
tion, and of the exhibitions and model yards of the Royal Agri- 
cultural Ajisociation, have resulted in yearly exhibitions, on a 
limited scale, of ecommiical productions, which have made known 
the resoiirces of many localities. The branch agricultural ai»3ocia- 
tions have extended the influence of such exhibiti*His. 

The exbibitionjs by the Society of Arts, in the last few years^ of 
nfpjects of ornamental manufacture, should not be left out of sight 
in this enumeration. 

Provincial exhibitions, as that at Birmingham and those for the 
benefit of mechanics' institutions have, some of them, been on a 
considerable scale. 

Thus, besides the influence of the press, in urging the example 
of France^ Flanderji, Dutchland, and the Mechanics* Fairs of tlie 
United States, the ]»uhlic mind baK been gradually prepared for a 
great national exhibition, and all the elements of it have been 
slowly organised. One reason for wliich we have given this sketch 
is to show that, so far from the exbibitiim of 1S51 being a rash o? 
doubtful venture, it baa every element of success, and that 
nothing is wanted but a careful and honest administration. It is 
new, as a whole, but not in its parts; it has been rehearsed piece- 
meal, and is ready for the stage. The first Paris Exposition^ 
restricted n& was its organisation, was an experiment much more 
diihcult, and much more doubtful. 

In all our colonies, exhibitions similar to those already described 
exert a like influence, nnd are equally promotive of effective ar- 
rangemeuls. 

If, therefore, we look at the machinery we have now in opera- 
tion, we may feel confident that all wiU work well; and we have in 
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dur locol Instituttans, nnd in tlie familiitrity of every dii»trict with 
itiese exlilbitions, the nieiina of aiirjiHSJ^in*^ any fureV" ^^ort. If 
mny one cumea to i:ou!»ider the number of our Societies, an<l the 
Jmrge BumB yearly disbursed by them^ he will feel little doubt of 

our r "S. 

A r ui in$stitiitiot)s descend from nationAl Associations to 

tMLMitv and district societies; from these to agricultural dubs 

and cittle clubsj. 
Horticultural and fioral exhibitions are held in every town. In 

Loudon alone, 3,000/. are yearly i^iven in priases. 
The minatory i»ection« of the British Ass'Kiation, the scientific 

conversaziones, the Polytechnic astiociation^, and the loctd 

exhibitionn^ afford yearly dUpbiys of merihanit-al inventions. 
The exhibitions of the Sut-iety of Art-^^ and thone of the Schools 

of Design, are rallying points for the de^i^'^ners. 
In 1H31, these are to be brought together, »nd nothing but grois 
mismauagement can afford a chance for failure. At any rate, we 
have invited the world to a competition in this its metropolis; we 
have thrown down the gauntlet, and we niust nut be beaten on our 
ovn ground and at our own weapons* 

The French Exposition is a kind of advanced guard of our 
rivalB^ by which we may in some degree take meaj^ure of their 
strength. Within the walk of exbiliitinn room^ — though those in 
** fe-street, Hanover-square, are lar^e — it ik not ea»4y to gi\e a 
iplete illustration of the great Paris Exnusition; nevertheleiss, 

French Exposition constitutes in itHeli a fine exhibition, and 
affords no mean idea of the resources of our 'yond-Channel neigh- 
bours Brought together on the suggestion ami by the exertions 
of M* Sailandrouze de Lamornaix, it necessarily partakes much 
of the character of a private undertaking, and to Home extent of 
a private i^peculution. 

Moni»ieur Sailandrouze holds a high position in connection with 
the indui^trial intere<tt» of France, being the director of the great 
national manufacture of tapestry, and a member of the Ueneral 
Council of Manufactures, formerly a deputy, and in 18ii9, 184-1, 
«nd iSiS, one of the central jury or coniniisision tor the National 
Exposition. Many of the exhibitor« held bark from sending their 
productions from doubts of the results of the Exposition^ from 
jealouiT)' of the proposer, or of the English ; and many of those 
%ho fientdid so from motives of speculation, in the hopes of making 
a sale of their goods. It is, tJierefore, as much a bazaar as an ex- 
hibition : but in either case M. Sallatidrouae haa achieved no mean 
success. 

Machinery and the heavier productions have a very smalJ share 
in the collection; neither have the 4'oar«er hut more important 
manufactures more than a noniin:U repretcentation, ko that there is 
little to grntify technical interest; but it is as a demoni^traliiin of 
Varisian artistic skill, a^ a disotay of (d»jects of luxury, that tbia 
£xpo«Nition remains ua yet w ithout an etpiul in En^'hind. This Is 
the better for us: for our cottons and «mr iron we do not fe«r ; hut 
it i« in articles of taste that we are behindhand, and for which we 
have the i»truggle to make; therefore we again thank M. Sailan- 
drouze for this Exposition. Tuken altogether, the tapestry, the 
Hlks. the porcelain, the glass, the hronzcM, the cahinet-work, the 
knicK-knackery, present a gorgeous display of cultivated taste, 
which the Engiish public will see with surjjriKe. 

These things are not, however, to be seen and wondered at, and 
never a^fuin thought of, but as sights which have been ; they nmst 
be considered and canvassed, and some profit he drawn from the 
lesson, — for this Exposition is suggestive of many striking thoughts* 
Why is it that France, which is neither wi wealthy a Fand, 
nor has so wealthy an aristocracy, is able to beat ns in these attri- 
bute«; of wealth? Have we the power of struggling with her for 
the mastery, or have we not^and is it worth our while? 

To our mind, there is nothing disheartening in these consider a~ 
tions, but every ground of encouragement. Our army, »t must be 
remembered, has not yet been brought together on tiie field; and 



muKt have the glory of these, as Rome of mosaics, Russia of grena- 
diers, and England of first-rates. 

As to the porcelain and glas^, putting the Sevres demonstrations 
aside, we do not consider we are at all inferi*ir t«i the French. In 
looking carefully at the invention, shape, cobitir, details, and fini^ih, 
there is not that perfectiim on the part of the French which should 
reduce us to despair; but on the contrary, some very strong 
reasons for measuring weapons with them. 'Oiere is to our seem- 
ing a purer taste in shape in England, and a richer taste in colour. 
We do ii(>t believe that in any branch of the arts, high or low, the 
French are our masters on these two heady. The French govern- 
ment have spent enormous sums at Sevres, but our outward trade 
in earthenware is a much better stimulant. In porcelain, and in 
glass, we can make as gooti masterpieces; while the state of those 
manufactures is with ourselves much more liealthy than in France, 
or any other country. 

Our weavers can produce those specimens of silk which are the 
boast of the Lyons looms, but we are inferior in design in the 
general trade, because we have not reached the same height of 
cultivation. 8pitaltields and Manchester will make a show in 
1H51 ; but this is not the test of a healthy condition. Our manu- 
facturers, pattern drawers, weavers, buyers {/ts the Art-Juurnol 
I well shows), mercers, and public, are not so well trained as in 
I France. We want more and better schools of design, more pic- 
I ture galleries, and above all, more public botanic gardens. A free 
I botanic garden in \lcloriti Park, and another at Manchester, will 
do more for Spilal fields and Msinchester than almost any tnea&ure 
which can be proposed. Under decent management, these two 
botanic gardens could be established and upheld at a very mode- 
rate expense. 

In the case of the Victoria Park, the twenty acres of land, which 
Is the chief outlay, is already provided. Say, for laying-out paths 
1,000/. If no show conservatory is tried, 5,000/. will make a good 
provision of hothouses and greenhouses. A curator can be bad for 
200/. a-year and a house. Gardeners are very cheap even in Lon* 
don — fourteen shillings each a-week for twelve men, will provide 
a sufficient establishment; for this 150/,; for materials, plants, 
coals, and other stock, 3,50/, a-year. Say 8,000/, for establishing the 
garden, tfreenhouses, and dwellings, and 1,(>00/. a-year for keeping 
it up. The 8,000/. might be got by public subscription; and the 
1,000/. be raised by a rate or additional ground rent on the houses 
benefitted hy Victoria Park, 

Something of tliis kind must be done, for the establishments of 
London as now organised are inefficient, Kew is too far off; Chel- 
sea, although admission is freely graikted, is small, and a physic 
garden; Kensington and St. James's Park present little more than 
an arboretum. The Horticultural Gardens at Chiswick are too 
far ortf. The lloyal Botanic Gardens in the Regent's Park are 
only accessible to artists, and not to the public. The Zoological 
Gardens are more acccessible, but even sixpence is too much for 
poor weavers. The gardens of the Messra'. Loddige, ami other 
nurserymen, cannot be looked upon as available to the public. 
The Ornithological Collection in St. James's Park is very limited 
in its use; and the Surrey Zoological Gardens is a pay place. 

Putting Kew out of the question, the only jjiacei open even for 
artists are the Royal Botanic and Zoological Gardens; and more 
students of the Royal Academy than of the School of Desij^n go 
to either^ — indeed, very few from the School of Design, It is true 
plants are used at the Schools of Design; hut free study from the 
growing plant is ivhat is most wanted. For the instruction of the 
public at large, the means are quite inadequate; and besides the 
Victoria Park, we would ask for botanic gmdens at Battersea and 
Greenwich. 

'I'he bronzes at the French Exposition are well executed; and 
this branch of art, which includes clock-cases and gilt plate, is 
carried on far beyond us. One reason is, that silver plate here 
takes the place which in France is hehl by gilt bronze. The latter 



when we look at that of our rivals, and acknowledge we have not can hardly be said to have an existence with us; not because we 



ytt seen a force so imposing, we must out give up hope for our 
selves, but institute, sci far as we can, a comptirison of the details, 
which admit of it. *'*liave we as good a staff — as good engirteers, as 
good artillery, infantry, cavalry, and train?*' If we can answer 
** Yes" in each case — or if we can answer that though such an arm is 
worse, another is better^ — then we have no need to fear the result; 
and this, it strikes us, is what ought to be done here^ — to examine 
each branch, and then to review the whole. If this be done, those 
of our renders who know the resources of the country, will feel 
more confidence for 1831. 

Tapestry we give up, for it is a government fancy in France, a 
** specialty/' as are the great productions of Sevres; and France 



have not the means of execution, but because the fashion and the 
material are different. The vrorks of Eck and Durand, Marchand, 
Deniere, Mat i fere, Susse, and Villemsens, will he looked upon with 
adminition. 

The specimens of cabinet-work are most remarkable for the 
inlaying Grob^, Mju-celin, and Marchal, have some excellent 
work. In design, carving, and finish, we tljink we can meet the 
French; but we have not yet reached them as to price. ^V^e would 
particuhtrly direct the attention of our readers to some of the 
inlaying, and the prices charged for it. 

For gilding, we are inclined U* give the palm to the English; 
but they beat us in silks for upbobtery* It is, however, rather in 
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t!ie pr^nernt design fur decoration tbat ihey are our maBteri^ than 
in separate articles «jf furniture. 

There is one i^reat specimen of paper-stiiining^— a landscape by 
ZuHer- and there ia the Ascension, hv Oelicourt; but otherwise 
there ia no great show in this way, \Ve knuw, nevertheleBss* thjtt 
the French beat u», and nothing can give nn a fair chance for 
paper-han^in^ hut more schools of design and botanic gar<lenn, 
the removal of the excise on paper, and the abolition of the window 
duties*; perhaps we ought to say the entablisbment of Mr, Coch- 
nine'n street urderljeti, and street cleansing* Wanting light, and 
witli imrsc-dung bh»vvn into our rooms and dignified with the name of 
dust, there i^ little inducement to set up those panoranuis and 
fither pictures, wbiuh are as entertaining aa they are tasteful. Our 
manuTacturer^ are starved out by an oppressive and neglectful 
government. 

C»f gold and silver plate there is little; and we are fully pre- 
pared to meet the French or any other manufacturers, Can- 
dt'lehra, epergnes, racing-cups^ and other presentation plate, being 
the Engli?*h fashion, where tJie French give Sevres purcelain, Au- 
buaaon tajiestry^ or gilt vermeil. There are two objects that 
require a special consideration — sfword« presented to the Prenidenls 
of two Spanish -American republics. This, and a plan of the city 
of Mejico (Mexico), hy Batierkeller, put ua in mind what a 
revenue the French manufacturers derive from Spanisii- America* 
In Mexico, and throughout the South, there are swarms c>f French 
shopkeepers and pedlars; and the similarity of language favours 
a knowledge of Spanish tastes and propensities. This is quite 
neglected here; and, so far as we are aware, there is no public 
teacher of the Spanish language and learning in Liverpool, Man- 
chester, Birmingham, Sheffield, or Glasgow, and the profe^s-*?ors in 
the two London colleges have few scholars^ A little attention to 
Sjianisih in our great seats of trade and manufactures, would give 
lis a chance with fifty millions of Spaniards, 

III jewellery of all kinds there is a very fair sbow^ and we may 
nrime Daniel, Rouvemit, and Froment-Meunce; hut there is 
nothing to frighten London and Birmingham, although the 
I'arisiiins are great masters in these arts. There are S4>me good 
*vurks in gold, silver, steel, muther-of-pearl, tortoiseshell, and 
ulhat materials. 

Some of the shawls by Deneirouze, Gaussen and Pouzadoux, 
and Rosaet and Normand, ere very goodj and wilJ well repay ex- 
amination. 

The patterns and designi for silk, cotton, and tapestry are what 
will be looked at narrowly, for here is a stronghold of the French; 
and they have no unworthy representatives in Couder, Claude, 
Braun, Luhiensky^ and others, Couder has designs of many 
classes, in each of which the style most suitable to the materiiil is 
adopted. Here, as we have before hinted, the study of flowers 
and of natural history U very apparent, and the necessity for this 
was fully pointed out twelve years ago bv the Committee on 
Schools of Design, If we are to heat the French, it must be with 
their own weapons : and in despite of the pig-headedness of our 
manufacturers, and the self-interested prejudice of academicians, 
the instruction in our schools of design must be of the Iiighest 
diifls^ and must be based on the study of nature, from the human 
figure down to the sUgbtly-organised flower, 

M, Mathias has specimens of the scientific works he has publisbetl, 
and of collections of technical works for public lihraries. The 
exertions of AL Mathias should instruct uti, for if public industrial 
libraries are necessary in France, so are they here. We may re- 
mind our readers that they have now an opporlunitv of purchasing 
works in those branches of science in which the f reach are pro- 
ficient. 

The zinc exhibition of the Vtelle Montagne Company gives a 
very good illustration of the varied uses* to which that metal is 
now being applied; and although 2inc is much worked up here, still 
Flanders is the chief seat of production and supply, and this col- 
lection cannot fail to pr*>ve useful to manv ^? our architects and 
engijM?era, The zinc mouldings and ship*sheatbing are not among 
the least promisinj^ ap pi i cation s, 

We shall now say a few words npon several subjects for which 
we have little sfiace at our disposal. The painted glass is good ; 
but we can equal it. There is some good carpetiag; but there 
/fgiiin we can come in. M, Le Molt has a simple galvanic battery 
and some philosophical apparatus. The lace shown by M, Guyot 
de Linh* h a worthy production of French skilL Some of the 
tfipestries shown by M, Sallaii>drouze are wonderful— the brilliancy 
of oil-paintlug is itpproached; there wants only a varnish to 
j;ocnnlete tlie identity. The leather ornaments, by Dulud, are 
good^ ajad almoist e*jual in effect to the Cannabic compositioD. 



The children's toys of AL Theroude should not paas unnoticed. 
The toy business employs u thousand people in London, and yet we 
import largely from the High Dutch. Carved ivory flourishes at 
Dieppe, and constitutes the staple t^^f that town. The fancy ata- 
tiimery is very well represented, und is a branch of industry in 
which we are making progress, though the paper duty is heavily 
again jit us« M. Gruel has some bookbinding of a highly artistic 
character, M. Cbarpentier has some giuid chandeliers and lamps. 
There is an interesting specimen of wood mosaic, a figure oi a 
monk. 

Undoubtedly there is not that wealth in France there is here, 
neither are there so many wealthy men, hut France has many com- 
pensations. There are better means of instruction, and thepuhllc 
are more tastefully trained: the government acts as grand patron. 
The church still creates a great demand for painting, carving, 
stained glass, vestments, tapestries, jewellery, and church furni- 
ture, even to artificial Ifowers. The great stay, however, is this, 
that Paris has created and enjoys a reputation for taste, which com- 
mands the orders of kingn, nobles, and churches throughout the 
old world and the new. Paris has the market of the world — we, 
not even that of our own empire, for the French share, too, in 
this. The fight is for millions, and we have a good chance if we 
will but try — we are making good way ; where we trj' we succeed, 
and we must go on. Tho?ie who deal with us for cotton and iron 
will deal with us for silks, paper-hangings, and cabinet-work; the 
market is as open to us as to the French ; indeed, we have more 
commercial facilities, but we want intstruction, and this is the 
direction in which exertion must be made. The exhibition of 1831 
will only be worth anything as a means of public instruction ; and 
therefore is it the more desirable all our rivals should be invited ; 
hut the whole organisation of industrial instruction must be 
strengthened. Drawing in the national schools, schools of de* 
sign, with the live model, free ind tint rial libraries, schools of che- 
mistry and mechanics, botanic gardens, picture-galleries, art 
unions, freedom from excises and the tax on God's light; these are 
what we want to achieve success. The demand seems large, hut 
the cost is small. 



REGISTER or NSW PATEIVTS. 

STONEWARE PIPES. 

Bennett Alfbbd Bubton', of John s-pl ice, Holland -street. 

South wark, London, for ^^ceftfiiu improt-^ementit in ike manttfacture 
of pipe*, tifeit^ hrivkff^ Mair*^ rftpingn^ and other iike or similar article*^ 
fnm plftatic mnUriulji: aim imprmemetttg i?i machinery to be etnphued 
therein J' — Granted June 7; EnroEed December 6, 1849. 

The object of this invention is to produce pipes and other arti- 
cles from plastic materials of gi-eater strength and durability, more 
regular in their structure, and of better finish, than has ever yet 
been accomplished. The manner in which the inventor effects tnia 
object is by compressing the plastic material of which pipesr"" 
other articles are composed, by a process of rolling; which ia f<ni 
not only to increase the strength of such articles as may be stkv^ 
jected to such process, but also to give them a smoother surface, so 
that they may he leaa liable to the accumulation of deposit; and in 
the case of pi pes, will be found to offer less resistance to the pas- 
sage of fluids. 

The machine for making pipes according to this invention con- 
sists of a vertical framework, supporting two clay cylinders, »o 
arranged that they can be brought alternately below the screw and 
piston, for the purpose of forcing the clay through the dies. The 
object of such an arrangement is to allow of one cylinder being 
filled during the process of forcing through the die the clay con- 
tained in the other cylinder. 

To the centre part of the die (see fig. I) there is attached • 
mandril a, the lower end of which just comes below the centre 
line of four rollers, turned and arranged aa shown at fig. 2, which 
represents a plan of the rollers, and their bearings supported by a 
cast- iron frame 6, ft. The mode of driving the rollers is by a wheel 
r, keyed upon the end of the shaft rf, of the fixed roller, and three 
pairs of bevel-wheels e^e^e. The wheel e, is driven by a pinion, 
keyed upon the end of the main driving-shaft of the machine, 
which shaft also gives motion, bv means of an upright shaft and 
suitable gearing, to the screw, which forces the clay contained in 
the cylinder through the die. It will be seen on referring to the 
plan that the rollers will be drawn in one and the same directioo, 
and vvith the same surface velocity. 



The process of manufAOttmnpr pipes according' to this inrentlon 
'» therefore as follows: — The eluy, as it is forced through the die 
in the form of a pipe, slips over the mandiil a. The length of 
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pipe required is then cut ofF, and afterwardfl drawn by the Tnotion 
of the rollers over the end of the mandril, wherehy the particlea 
of matter forrninc' the pipe become compressed or consolidated to 
inch an extent, tlmt when htiked in the ywual way they have been 
found, by repeated experiments, to he upwards of 75 per cent. 
stronger than pipes made frum the same clay, but manu fact tired in 
the ordinary way; besides being- more regular in their Htructure, 
and in every re^^ect better finished. 




"^7^ ^ 



3 



rv^MWMw : m, ... mmmmr 



t i^< 



Fig. 2, 

It will be Been from the above that the pipea are compressed 
immediately after passing through the die. This will, however, 
depend upon the nature and consistency of the clay, and state of 
the weather; for in some cases it may perhaps be desirable to let 
them atand in a dry place for two or three days previous to being 
«*Ued. which will entirely depend upon circumstarjces, and must 
he left in some measure to the judgment of the workmen; It 
will alau be seen, with regard to pipes of small diameter, that the 
rollii^ machine would do a greater amount of work than a pipe 
machine having but one die. Pipes may therefore be made in a 
separate machine, having any required number of dies, and after* 
wardH rolled. For this purpose, the specification describes a modi* 
ncation of the above machine, to be used for the purpose of com- 
jweaadng only. 

In cases where the pipe b required to have a taper hole, the 
inveotor employs a mandril made taper at the point, the m&ndril 



being gradually withdrawn by a screw or other suitable meant, 
during the time the pipe is passing between the rollers. 



When the article to be compressed is not of a circular form, 
two, three, or more rollers may be employed, as the nature of the 
case may require (see %. 3); which showf? the form, mi«de of ar- 
ranging and driving three rollers for compressing an oval pipe. 



nt> 4, 



Fig, 4 shows the form, mode of arranging and driving three rollers 
for compressing a stairs' tread or step; the rollers a, and fr, may, 
in this case, be engraved with any suitable device, or pattern, 
which will be impressed on the top side and front of the step, as 



^ 



Plff. s. 



PtK.« 



shown at fig. 5, which represents an iaometrical view of a step 

manufactured according to this invention. 
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Tig. 6, is an isnmetriciil view of three liolluw bricks, and Ihe 
miiniicr in which they fit tO|Tother. Ilnllow bricks or tiles, of the 
fonn shown ill the drawing, are maile by fArciii|r cliiv throuffb a ilie 
of suitable form, nml afterwards campresjiiii^ the rlay. by iijussii*^ 
it between four rollers^ two of which are turned of sinch a. farm as 
to proiluce a rebate on the ed»;e,s of the bricks; the other two 
being enifrftved on their peHpherieit, »o as to produce on the sides 
of the brick or tile, any suitable device or pattern. The ends of 
the brick are rebated afterwards, in a separate miichiiie. 



The specification hjiving^ (tescribed the mode of ttrran^inp rollers 
for compre>«sin|C bollow liricks, copin^js, columns, and articles to be 
employed for boibliui^ purposes, further states, thfit by the appli- 
i^atiun of caniw^ eccentrics, or convolute roHers, articles of a variety 
of forms, 8o far as reg^ardt* their length anil tranverse section, may 
be produced hy the process of rolling-^ as hereinbefore described, 

Anotber part of these improvements relates to tbe mode of 
making bends for pipes; and consists in so constructing' the die 
that a bend of any required curve can be produced, simply by 
forcing the clay or other plastic material through the die; whereby 
the moulds* employed in the process of nmkini^ bends r& heretofore 
are dispensed with. Bend pipes, after they have been made as 
described in tbe specification, nre afterwards compressed by passing 
them between rolleri^ as described. 

The specification, after describing several machines for cutting 
socket, or rebate and screw joints upon the ends of eartbenwjire 
pipes, concludes somewhat as follows : — I would have it uuderstoiid, 
that I do not claim as my invention the combination of four rollers, 
and mode of driving, as represented at fig. ^2, the same having 
already been applied to the manufacture of iron pipes. But that 
which I do claim as my invention is — 

Firjti^ the application of rollers turned of such a form, and ar- 
ranged in Kiich a manner, that they may be employed for compress^ 
ing or consolidating the particles of matter composing pipes, tiles, 
bricks, coping^*, stairs treads, pillars, columns, or otlier articles 
cimiposed of plastic materiaU, intended for building, drainage, and 
other purposes, 

Seeondh/^ I claim the general arrangement and combination of 
parts composing tbe machines for making and conipreBsing pipes^ 
as hereinbefore described, 

Thh'd/if^ the mode of making bends for pipes, as dencrihed. 

Lft^tit/^ the general arrangement and combimition of parts com- 
posing the machiiies for forming rebate, or socket ajid screw- 
joints^ 

Ej-j^rimmt^ on Stonetcare Pipes, 

ExPKniMENTS thotrhi/jf ihe miafwe sirtnifjtk of Fipct made in the ordinary 
mantter^ and hy A* and 5L Buiaton's Paieni Machine. — " Unrolled** Imng 
ihe common p$//€, and ** Rotied" tndicatin^ that the tiipe haspaued through 
the Patent Alachute. 
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SHOT. 

David Sitith, of New York, United States of America, lead 
manufacturer, for ^''certain new and useful imprtyveinentA irj the mettnf 
o/ mnnufuct finny ctrrtain articicM in lead." — Granted May 20; Knrul- 
red November 29, I8i9. 

The improvements relate to the manufacturing of "drop-shot," 
which are now formed by allow inj^ molten lead to fall from a in^at 
height, the metal at the same time being separated by the pourings 
pan into particles, according to the size of the shot to be manufac- 
tured. The fulling of tbe lead through tbe atmosphere causes the 
particles to assume a globular form^ and in order that such may be 
properly effected, it is necessary that the height of tbe fall shall be 
Bitch, that the falling lead will ac^fuire ascertain velocity through 
the atmosphere; hence the necessity of erecting high towers mr 
tbe purpose, which entails great outlay in the manufacture of shot. 
Tc> obviate this, the inventor proposes employing a height of 
about 50 feet, and yet at the same time obtaining an effect equal to 
a fall of 150 feet, or m*)re if desired; and which is obtained by 
driving a current of air in a contrary direction, the effect of whicb^ 
combined with the velocity of the falling lead, is equivalent to the 
ordinary heights empbiyed. The annexed engraving is a section 

I of the apparatus, for the 

I jnirpose t^f carrying out 

I this invention. A, is a 

i vertical metal tube, about 

J twenty inches in dtame- 

• ter, the lower end is en- 
larged in the fitrm of a 

I truncated cone, and rests 

! on a chamber B, contain- 
ing water, whicli forms as 

I it were a base or pedestnl 

I for the whole. In the 
upper part of this vessel 
B, is an annular compart- 
ment C, the inner diame- 
ter of which is equal to 
the diameter of the tube 
A, and tbe outer diameter 
equal to the large end of 
the cone. The u pper sur- 
face of this annular cham- 
ber is thickly perforated 
with holes, by which air 
is admitted to the body 
of the pipe; the air being 
forced into tlie annular 
chamber C, through tbe 
pipe rf, from any blowing 
apparatus caJcubited to 
produce a sufliciency of 
blast to give the required 
velocity in the tube A. 
e, is a shoot to guide the 
shot into the vessel/, and 
which may be removed 
through the closed aper- 
ture ^, w hen ii 1 le d . The 
water rising up in the 
shoot f, receives the f idl- 
ing sbtjt. while the in- 
closed water c^se pre- 
vents any escape of air from below, Tbe current of air first en- 
tering the annular space C, becrmies thoroughly diffused over the 
entire area of the pipe, by transmission through the numerous 
apertures. The upper part of the tube A, is mjrmounted hy a 
trumpet-mouthed extension, the larger annular space affording 
ready egress for the air forced in at the bottom, while the centre h 
occupied by the pouring-pot A, which rests over a concentric cylin- 
drical channel i, supported from a six^armed frame, secured in the 
tube at k. The pouring pot, as usual, is perforated at bottom, so 
as to separate and diffuse the lead over tbe area of tbe channel t; 
the pouring pot A, rests in, and is surrounded by a spill chamber l^ 
to receive any lead that may run overj and intercept its descent 
through tbe tube. 

The metal thus falling through a epace of 50 feet, must have AH 
upward current of air that will render it equal to the velocity 
attained in falling 150 feet. By increasing the current of air, sn 
equivalent for any height of fall may he obtained. Instead of 



SL 



I blovrin^ in air at the bottom, the name result may be obtained hy 
exli»U!»tion from the top or fuiuiel mouth, the outer spAce of w hn^h 
must be inclosed aud connected Mith mmw Kuitiihle exhnuHt Hopa^ 
f«ilu^ and in which case the aiinulfu- chest at the bottom will be 
dwpeiiaed with, and free vent given for the ingrejis of air. 



IRON CASKS OR VESSELS. 



^1 Solomon Ishael Da Costa, of Great St, Helens, city of London, 
^m civil engineer, for '"^ijnprocetnrnts in vesnteh fur hihiing mVuift ftrfltiitlti^ 
^P and in machinery far iiuiiiufariuring ttuvh re^fiet^" — ^Grauteil \'lhy92; 
Enrolled November 21, 1849. [Reported in the Ptttent JotintuL^ 

This invention relates — first, to an improved mode of constnict- 

■ mg barrel-shaped ve*;sel:< of iron, and also to machinery used if* 
the construction of auch vesi^els. 

In the manufacture of the«e vessels the patentee forms the body 
part by bending the plate or sheet iron by means of rolleru, some- 
what similar to plate- hendini^ rollen^ used for boiler purposes; the 
plate used bein|r either such as will form either one-half of the 
vessel, or complete the entire drde. The upper bending or 
sbaptng roller, for this purpose, is formed of a barrel-shape (that 
ia, larger at the centre than at the ends), m<^re or less, according 
to the shape to be given to the jilate, while the under roller is the 
reverse of the upper, so as to receive it and squeeze the plate 
between them. On the ends of the ujiper roller are two cutting 
diacs, or edges, which pare the edges of the plate as it is passed 
between the rollers* A third roller is enijdoyrd to guide and give 
the direction to the plate under ope rat ion, its pruxinijtv to and 
poidtion with regard to the other rollers being adjustable for the 
purpose of bending the plate, more or less, according to the size of 

■ the vessel to be made, as moII understood in the bendiug of boiler 
plates. The plate, after being heated red ht>t, is passed through 
the rollers, which, at one and the same operntion, bend, shape, and 
trim the body part of the vesseL 

The plate^ after being bent, encircles the upper roller; and in 
order to remove it readily, the patentee furnis one of the bearings 
of a spherical shape, which uUovvs the op|Kisite end to be raised, 
for the purpose of removing the bent phite. The rollers are so 
furmed as to set back a small portion of the plate at ench end, so 
aa to fi»rni an enlargement for the reception of the ends of the 
cask; the enlarged end is of a cylindrical form, or rather slightly 
coned outwards^ to render the ends more e^isily introduceil and 
fitted. The ends are formed of plate- irim, liavjug au ed^e turned 
up, which fits the enlarged part of the end, and is, after being 
fitted, brazed in its place; these casks Jire furnished with thickness 
ring^i at the bung and tup hides, such bungs being ri vetted, or 
otherwise secured, in their position. 




The annexed engraving represents in elevation a set of rollers 
of a different construction; instead of one lower roller being em- 
ployed, two are substituted, the third or bending rcdler being the 
laine as before described, but which is not shown in the engraving; 
these three rollers are geared together in such manner as to pro- 
duce a like motion of their peripheries, or, as near as possible, 
taking the medium of their diameter. The cutters are here repre- 
iented at either end of the up]»er rf»ller, hut the portion which is 
set back to form the enlargement of the end is omitted. The 
superflufrus metal is cut off by the cutters passing or crossing the 
ftnda of the upper rollers. The action of these rollers will be 
lufficiently understood without further descrintiou. A third ma- 
chine for this purpose consists of two blocks, naving semicircular 



cavities, onpoaed to each other, and which are drawn together or 
expanded by means of right and left hand screws, on a shaft; the 
plate having been partially bent, is introduced between the two 
blocks, and by drawing them logetlier, completes nearly the entire 
circle. The hollows or cavities of these blocks are of the same 
barrel form, and in order to press the bent plate into which, the 
patentee employs a shaft, concentric m ith the nollow blocks, cany- 
ing between two crank^arms and a barrel- shaped roOer; after the 
plate has been partially formed, the shaft is caused to rotate, hj 
which the roller will be pressed and ridled nmnd the interior sur- 
face of the vessel under formation, caui^ing it to be couipressed 
into the form or cavity in the blocks. The plate, while under 
operation, is made red hot as before. 

The second part has reference to the mannfncturc of sncli 
articles as are usually struck or stamped in metal, fitr which purpose 
the patentee employs a press very similar to tlie ordinary screw- 
press, with dies — that is, male and female of the ordinary kind. 
But instead of using sheets or plates of metal, the patentee uses 
the metal in a molten or semi-molten state, which is deposited in 
the bottom of the female die, in sufficient quantity to produce the 
article required. The upper die is then brought down while the 
metal is still soft or in u mnlten state, by which it is caused to rise 
op and fill the space between the dies; a second depression of the 
upper die further imparting the impression to be imparted to the 
urticle. Where the impression is required to be sharper than can 
be obtained by this means, such articles may be again struck in the 
ordinary manner, by which much finer and sharper lines may be 
obtained, and with much less work than heretofore* 

The third part refers to the manufacture of hcdlow-formed 
vessels in clay, cement^ or other plastic material, which is some- 
what similar to the forejjoing mode of stamping metals, the object 
being to prevent the fi>rmatiori of bubbles or honey condi in the 
articles so mann fact u red. Tlie clay or other phu^tic material in 
placed in the bottom of the h<dlow mould, which, as in the lost 
case, rises when the plunger <»r die is depressed, so as to fill the 
»;pace for its reception, and give the required form to the article to 
lie produced, and by which all bubbles or imperfections resulting 
from the confinement of air in the moulds are avoided. 

The patentee claims : First — The improved vessel or caak, 
manufactured in the manner described; and also the machinery or 
apparatus for making the same. 

^econdly — The mode of pressing up in moulds or dies, vessels 
or hollow forms, made in molten or semi^molten metal of any kind 
suitable for the purpose, so us to produce wholly or in part the 
shape required, and which shape mriy be ajrain strock in another 
die or dies in the ordinary manner of striking up hollow metal 
goods, by which means a stiO sharper outline or liner impression 
mav be obtained. 

Thirdly — The method of making vessels or shapes of hollow 
forms in clay, cement, nr other plastic material suitable for such 
hollow forms, and pressed upwards from below, which will prevent 
in a great meaeure the formation of air bubbles, such bubbles pro- 
ducing the vessel of a honeycomb and defective character; which 
mode of manufacture does not require the centre disc die, which 
in certain articles is necessary, and is usually placed at the bottom, 
and held by one or more cross-pieces, which separate the plastic 
form as it passes throughj as for instance, in clay pipes. 



ELASTICITY 



VAPOURS. 



Sm — In reprinting, in your Journal for December, the principal 

f portions of my paper on the Klasticity of Vapours (oripiuidly pub- 
ished in the Ediut/nrgh Nt'w PhUmfiphhal Jtmrrmt for Jaly), 1 ob^ 
serve that the co-eHicients t>f the formula for calculating the 
elasticity of the vapour of mercury have been omitted. 

As that formula is of considerable utility in delicate observations 
of the elasticity of other vapours, 1 annex the co-eiii dents, in case 
you may wish to publish them. 

/3 



The fonr.ula being Irog P -^ a 



r 



tt for millimetres of mercury ^^ 

,, for En^rli>.h inches of mercury = 

Log pJ for the centigrade scale = 

„ for Fahrenheit's sciJe =^ 



3*t«855tl 



Edinburgh, Dec. 10, 1849. 



I am, &c. 



MAC<ii;a&N Rakkine. 
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DISCHARGE OF WATER THROUGH DRAIN PIPES, 

MjtptrimeHU on the Discharge of Water from JHpe*^ made muier the 
Mttneti&n qf the Metropoiitan CottiminiiionerB <^ Sewers, — [From the 
MetAanic/ Magazine,J 

I »end, for the g-uidance or ootisideration of your readers^ some 
account of experiments m^de on the discharge of water from 
pipesf, with a view to ascertain the requisite sixes of varioua a(]tie- 
ducts for the purposes of drainage. It was necessary to conduct 
tlie*e experiments, as to arrangements of apparatus in a different 
mAnner than if it had heen required to know the necessary sizes of 
pipes for supplying the town with water, as, in the former case, 
there heing no preissure arising from head, a flow of water of 
uniform section is maintained hy the continual additiun of lateral 
•treams: and the length of the aqueduct, therefore, iia an element 
of friction, may have little or no influence on the veh»city of the 
main current; while iu the ease of waterworks, the velocity of the 
water depending on the head at the origin of the system^ length of 
pipe 19 a most important element in calculation; and the friction 
arising from this condition is often the chief force to be overcome. 
In fact, under these two circumatancea, reverae effectii are pro- 
doced: for in a drain, if the length be increased, and junctions be 
proportionally added, a greater amount of discharge wiU be the 
re**uk ^I always assume that the junctions are made iu the moat 
scientific manner with regard to their aiding the main lin»)r; and 
in another respect the operations of a system of drainage and a 
system of waterworks are curiously dissimilar; for, in the former, 
the chief current being mpplied immediately by its tributarj* mains, 
sustained hy their various ramifications, and ullimately fed by a 
multitude of small mouths, the whole operation proceeds naturally 
and easily by the silent effort of gravitation; while in the latter 
tase, the main line being first charged, the water has to he forced 
with sufficient power to divide itself, and move with great velocity 
in a multitude of different directions, up hill and down hill, through 
iuiricnte and narrow passages, turning at every variety of angle. 
In the latter work, again, the power is generated at once at the 
head of the system, and is continually being expended so long as it 
arts; hut in the furmer, force is self-generating — ^it accumulates 
as the operation enlarges, until the sniHll tributaries become im- 
portant streams, and these streams an impetuous torrent. It in 
e;isy to perceive at once what an important part /ricfion plays in 
the one case to what it does in the other. 

Hence, with regard i^Jhrmiil^ conslructedon the basis of expe- 
riments made with head^ of water at the ends of pipes, they have 
proved tc^tally useless aa means uf ascertaining the proper sizes of 
drains and sewers; and when tested hy the actual discharge of a 
drnin^ I have found them so much in errtir that 1 could liave 

Sicssed by the eye much nearer the truth. The formtdir of Frony, 
uhuat, Eytelwein, Oenieys, YVmng, Smeaton, and others, not 
only each of them departs very wide of the truth when applied for 
the purpoi^es of drainage, hut they all disagree the one with the 
other, HO much as to destroy confidence in any one of them, unless 
ronfirmed hy other evidence. The experiments which 1 am about 
to describe were made under the sanction of the Metropolitan Com- 
missioners of Sewers, on their premises in Greek-street, 

The apparatus used whs as follows: — A strong plat fur m, 100 feet 
long, was erected, fixed to move about a central axis at one end, 
and free to he moved at the other hy a chain and windlass, so as to 
afford a range frum the horizontal plane to a declivity of 1 in IQ. 
A tank, holding 16(H) gallons, was placed at the upper end; and 
another tank of sufficient dimenjiions, received and measured the 
water discharged at the Icjwer end* On this platform lines of 
iiipes, varying from 3 inches to 12 inches diameter, were tried* 
The pipes consisted of the ordinary Vauxhall stoneware, in two- 
feet lengths; and a careful selection of them was made as to accu- 
racy of bore and dimensions. They were laid in straight lineis of 
uniform inclination, and the uipe joints were rendered water-tight 
with clay. On each side of a line of pipes, five junctions were 
attached at intervals, hy which the water was admitted, as well as 
at the head of the pipe. The entrance of the water was regulated 
by sluices; so that while the head of the pipe was just filled, water 
WHS at the same Lime admitted by the jnnctionH sufficient to main- 
tain the pipe full throughout its entire length. Under these cir- 
cumstances, we found-^tfi mention only one re^ult^that a line c*f 
6-inch pi|>es, 100 fret long, at an inclination of 1 in 60, discharged 
76 cubic feel per minute. The same experiment, repealed with the 
line of pines reduced to 50 feet in length, ga%^e very nearly the 
same reflult, Withont the addition of junctions, the transverse 
Meiiomil area of the stream of water near the diiicbar^in^ end was 



reduced to one-fifth of the corresponding area of the pipe, and it 
required a simple head of water of about 22 inches to cive the same 
result as that accruing under the circumstaooes of the junctiooa. 
With regard to varying sizes and inclinations, we found, enfficleotly 
for practical purntfrses, that the squares of the discharges are as the 
fifth powers of the diameters; and again, that in steeper declivi- 
ties than 1 in 70, the discharges are as the square roots of the 
inclinations; but at less declivities than 1 in 70, the ratios of the 
dis-charges diminish very rapidly, and are governed by no constant 
law. At a certain small declivity, the relative discharge is as the 
fifth root of the inclination; at a smaller declivity, it is fuuud as 
uevenib root of the inclination; and so on as it approaches the 
horizontal plane. This may he exemplified by the following resuJti 
found by actual experiment : — • 

Dueharfftt of a B-inch Pipiat Sepirat IneUnaiiom, 
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The series of hydraulic experiments from which the foregoing is 
selected, has been in operation for the last two years, at an expense 
of upwards of 2O00/. The exoeriments conducted at Greek-«treet 
were a continuation of similar experiments made in the Fleet 
sewer: in the latter place the sewage was used, and in the former 
pure water supplied by the New River Company. 

The conclusion arrived at is, that the retjoisite sizes of drains 
and sewers can he delermined (near enough for practical purpoi^es, 
as an important circumstance has to he considered in providing for 
the deposition of solid matter, which disadvantageously alters the 
form of the ac|ueduct, and contracts the water-way) by taking the 
result of the fi-iJich pipe under the circumstances before mentioned 
aa a daium^ and assuming that the Equares of the dii&charges axe at 
the fifth powers of the diameters. 

That at greater declivities than 1 in 70 the discharges are as the 
iquare roots of the inclinations. 

That at les^ declivities than 1 in 70 the usual law will not obtain; 
hut near approximations to the truth may he obtained by observing 
the relative discharges of a pipe laid at various small inclinations. 

lliat increasing the number of junctions at intervals accelerates 
the velocity of the nmin stream in a ratio which increases as th# 
square root of the inclination, and which is greater than the ratio 
of resistance due to a proportionable increase in the length of the 
aqueduct. The vehx-itie^ at which the lateral streams enter the 
main line, is a most important circumstance governing the flow of 
water. In practice, these velocities are constantly variable, con- 
sidered individually, and always different considered collectively, 
so that their united effect it i's difficult to estimate. Again; the 
same sewer at different periods may be quite filled, but diischarge 
in A given time very different quantities of water. It should be 
mentioned that in the case of the fi-inch pipe, which discharged 75 
cubic feet per minnte, the lateral streams had a velocity of a few 
feet per second, and the junctions were placed at an angle of about 
3.S° with the main line. It is needless to say that all junctions 
should be made as nearly parallel with the main line m possible, 
otherwise the forces of the lateral currents may impede, rather 
than maintnin or accelerate the main streams, 

Tlie conclusion of the labours of the authors of the several 
ftrrmuhe before quoted^^ left the science of hydraulics in such a atate 
that no man, except bv his own practical observation, could tell 
what an aqueduct, under any given conditions, would discharge. 
This will be so apparent to any one who will take the trouble to 
examine and compare the various formula the *me with the other, 
and to test their general pretensions by some known facts, that I 
need dwell on it no longer. It would be a valuable thing if prac- 
tical men would make a common record of facts occurring in their 
own experience, — Jiirin^ rmt couehmona derived. No doubt the facts 
exist in sufficient abundance; hut they are too scattered, or appro- 
priated as secrets, so that the engineer is <»ften obliged to asaume 
results which he has not had an opportunity of verifying by prac- 
tical experience. Had such a record been current, the formuW of 
the hydrauliriiins could not have been received aa orthodoxy by the 
scientilic worhl, 

I, Grtiek-xtrtet^ Soho, J. L, Hale, 

lht\ t, 18 19. Civil Engine 
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THE RUDIMENTARY TREATISES. 

^ Du*tionarjf of Termt U9ed in Civil A rohi feet ur^^ Xaml 

JwthiUctw^e^ Buihiintf att4 Conftmetion^ Eariy and EticttitiaHiati 
Art^ Civil Etiffirieerina^ Mechanical Engineering^ Fine ArL Mining^ 
Surviyin^^ S(C, By John ^Veai^e, Author of 'Divers Work* of 
E^rly MmstetB in Chriatian Decoration,* &c», &c. London; 
Weie, 1850. 

Tbe booktiellers in Berlin have lately heen subjected to a griev- 
ous oppresKion — the necessity of reading the hooks they publish 
or »eir. Grocers, they say, never eat fig^^^—bcioksellers do not read 
hooks; and the Berlin booksellent have remonstrated against the 
tyranny of the police, which subjects them to tlie task of reading 
the contents of their own shelves. With the booksellers we take 
part, if only for this reason; that the police are throwing away 
their resource^-^disanning justice of her sharpest edged swurd* 
for if the reading were only enforced at the proper time^ and re- 
served M the punishment of offences instead of an engine of pre- 
vention, we believe the law would be armed with greater terrors. 
There are booksellers in London, no less than in Paris and Berlin, 
to whom we would not bate one page of the naufteous and noosen- 
fic4il trash which they have been guilty of giving to the world; 
andtheZeLT talion\9 dictates they t»hoLLld be duly punidhed by its 
perusal. 

From reading to writing, there is, however, a step; and upon 
that books€ller« but seldom venture, though there are some distin- 
guished men in that bu'siness who have not hesitated. It is not 
necessary that every man among them should be put to the teiit; 
hot it is gratifying to ace they can take the pen m their bands*, 
and that they have a practical kntiwledge how a hook ought to be 
written, Mr. Weale, it is true, is not a new writer, but neverthe- 
less there is no harm in making a commentary on his proceedings, 
Iwr a man is likely to he none the wurse j*idge of a book who can 
vrite one himself. For a man to be a good and enterprising pub- 
lisher, he must have some knowledge of the requirements of the 
public, and the means of gratifying them; and just in proportion 
to his own knowledge and the interest be feeln, will be tlie measure 
of his exertions. A kindred zeal for the welfare of the pursuit 
with which he is connected, will sometimes prompt him to priniuce 
works of a higher class than his temporary interewts would appear 
to j nstify. He must be beyond hi« customers rather than merely u p 
to their mark; he must lean to the authors rather than tti the 
book -buyers; for if he only follow the taste of the public, the 
taste of the public is not likely to make a ftirward movement. A 
publisher may suit the taste of the public to a T, and yet only pro- 
duce n I arrow bo ne-and- cleaver polkas; or be may humbug, shave, 
Asd softsawder the public in another line, and spend thousands in 
ving n>yal marriages and christeninisrs, and such mif^erable 
leyism, when a like expenditure in the hands of a Buydt41 
•^otild give lasting glory tu English art. Mr, Carter Hall has been 
the mean*! of rendering essential service to the English school, by 

fiublishing in the Art-Jmirmd the small engravings of the Vernon 
raillery; while, if we turn from him, a literary man, to the print- 
publisher^ we find that those wht> have the means, completely mis- 
Use them, and while making enormous profits bring the arts into 
contempt. The Art Uuiuu and the print publishers would be 
enough to swamp English art, if it depended on them alone. 

We are, therefore, for the march of intellect and education; for 
laving educated writers, educated artists, ediiaited critics, edu- 
cated publishers^ and an educated public. An enlightened publisher 
will often be called upon to carry out an enterprise of considerable 
Importance and considerable risk — nay, he may even sug^ei^t it; 
ftaa we are sure bookselling has been none the worse fi*r such men 
las Messrs. Charles Knight, Lovell Reeve, and Jithn Weide. 
Charles Knight's love of bhakspeare has made a Shaksiiearian era^ 
It a time when Shakspeare has been unshrined in his greatest 
temples, and left tcj the incense of his meanest priests, Mr, 
Knight has also taken a great share in thuRC popular W4)rks under 
liis name which have done so much for the spread of knowledge. 
Bad he been less in love with his subject, he would have done less. 
The Dictionary of Terms is a kind of introduction to the Rudi- 
mentary works — a seriej* which we make no tiuestioii will do very 
much good to the cause of education. It was, it seems, C^okmel 
Reid, the author of the ^Law of Storms,* who gave the first Ifint 
for this series. At Bermuda^ and afterwards at Barbadoes, he 
took a personal interest in the coustruclion of several useful 
works; and he saw the lamentable want of knowledge of the West 
Indian workmen. For the commonest work, not only an engineer 
muit be sent out, but workmen; and this is one of the great obsta* 
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cles to West Indian progress. The introduction of Mr, Gordon's 
ircui lighthouse, and of Messrs. H. O. and A. Robinson's sugar mills, 
which have boiler and rollers on the same platform, are therefore 
most useful in the islands; for what would here be simple ma- 
chinery, cannot, out there, command the services of a good black- 
smith. It is further to be observed, that the planters are not by 
any means fitly taught; for they go out from ^England raw lads, 
anil learn little after: and it is m>t, therefore, to be looked for that 
they should teach negro carpenters and blacksmiths. As one 
means of instruction, Colonel lleid forwarded to Mr. Weale a copy 
of Professor Fownes*s Rudimentary Chemistry, with a recommeu* 
dation that it should be printed; and it was adopted as the first of 
the new series. We believe we are right in saying that not only 
in the West Indies, but likewise in the East, many of these Rudi- 
mentary works have been distributed by the government, for 
popular instruction. 

Pinnock's Catechisms were good compilations in their day. 
They formed a popular cyclopiedia, a curriculum of education, 
which, for completeness, has not yet been equalled; and in lan- 
guage, no less tnan in many branches of science, they have been 
the means of greatly promoting the love of knowledge* It was 
not that a ninepenny treatise was held forth as self-sufficient for 
the acquirement of any branch of knowjedge, but it was a prepa- 
rn.t»*ry step — its an introduction, and as an incentive. Just in the 
same way us Pinnock's Child's First Book, English Grammar, and 
Geogsaphy, led the way to larger works, so did the catechism of 
Greek Grammar, or of Hebrew Grammar, lead many a lad to more 
laborious studies. He bmigbt a small book which was cheap, and 
promised to be easy; and he was enabled, by its perusal, to judge 
whether there was sufficient encouragement for his further study. 

The works of the Useful Knowledge Society are of a very differ- 
ent class; they are calculated for students of a higher class, and 
are works of an original character: but altliough they provide for 
science and history, they do little for letters or language. They 
supplied one defect, but they do not meet another. In a country 
like this, with its peculiar political organisation, the life of a young 
man is no less occu^iied in the preparation for his political career 
than in the attainment of those special branches of knowledge pe- 
culiarly useful in his ordinary business. Literature enters largely 
into his amusements; the composition of lectures, the preparation 
for tlie discussion class, the studies for the elocution class, the 
acquisition of the knowledge of Latin and French, which he ne- 
glected in boyhood, or could not then learu, — -all these take up 
much time and attention in the literary and mechanics' institu- 
tions, no less than with the self-student; and it is a capital defect 
to prepares course of educatiinial works which does not provide for 
these vvrants. 1 ndeed, the cause of i^ciencc would be as much pro- 
moted by the completion of the circle of knowledge in this way^ 
as by any direct contribution. 

In our view, there can be no greater mistake, so far as higher or 
supplementary education is concerned, than the restriction to 
empiric instruction. As all the law codes written do not embrace 
all the forms of litigation, and as all the medical works do not 
embrace all the cases of disease, so neither can all the books ever 
written meet all the contingencies of practice. The lawyer, the 
surgeon, or the engineer, is called upon to act for himself — and 
then it is he wants a4»mething beyond his books. The best works 
on geometry, and the best works on algebra, will be insufHcient of 
themselves alone to constitute sound reasoners; and they too often 
have th** tendency to narrow the mind rather than to enlarge it. 
When from abstractions or recognised definitions we come to lan- 
guage, the ambiguous vehicle of thought, the self-taught mathe- 
matician is found as perverse, as prejudiced, and as unsound, as 
any other imperfectly educated man. It is for this reason we 
object to mutilated studies and mutilated schemes of educational 
works, when too there is so much to be done. We are sure the 
Useful Knowledge Society would have done great good in pro- 
ducing uniformly with their other books, good treatises on logic 
and rhetoric, an idiomatic English grammar, a manual of philolog)*, 
grammars of the modern languages in conformity with mQdern 
sirience, a work on drawing, as an instrument for training in habits 
of oh&ervation, some decent compositions on political geography, — 
aye, and they might ^q further, and let the public know something 
of ethiuilogy, ontology, the study of the fine arts^ the art of teach- 
ing, and many other things, old and new, on which there are no 
good and cheap popular works. 

The French have a cheap popular series called the Manuels 
Roret, ranging in price from two shillings to four or five, which 
include not merely every branch of science, but every trade and 
profession. Charles Kmght has published some small manuals for 
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trndea, but we still want a da«s of works to answer the purpose of 
the iVIamiels Rorets; indeeti, hatl nat other occupatkms prevented 
us, we should lon^ since have onrried out the desi^jn we had formed 
of publishing' Buch h Berie«. 

Chambers's Elementary works ^o almost a»low down as Pinno^k's 
in the cbss for whom they orovide, and are nearly as extensive in 
their range of subjects. Although they have made many hr«nches 
of knowledge popular, they are rather to bn ranked as compilations 
than as original works. 

We have hinted we prefer, aa far Bs possible, works of anoriginnl 
rlmracter, rather than simple abetracts of other writings; and do 
prefer such, because a work of education should be expressly 
written for the clasB which it is intended to benefit. The writer, 
too, must write more with the mind of a student than an author — 
he must begin as a beginner, and not as a master: imd yet that is 
seldom to be found in any of these elementary works which we 
have seen. They are rather abridged works of reference, of 
tlje class of Maunder's * Treasuries of Knowledge/ than finished 
introductions to study. The fear of being tedioufs^ the shame of 
being tautological, the love of praise, and perhaps the vanity of 
frippery and fine writing, dazzle and delude the author — «;ul the 
student is lost sight of. Then, too, one who has learned ^juickly 
and well is often a bad master, — to him the manner of teaching nnd 
learning is indifferent, for he could learn any way: but not so with 
the student. Indeed, too much care cannot be taken in this, 
which is the right way; whereas now, half the care is thrown away 
because it is bectowed in the wrong way» 

Mr* Weale's series certainly does not sin under the head of 
c»ftginality, for many of it** parts are already standards in their 
respective branches; iind, as with the Peony CyclopiediB, we shall 
tee that a cheap and popular work may well be a good one, and 
a step in the CJiu^e of science. 

We have sjiid so much of elementary works generally, that w© 
have left ourselves but little room for Mr. Weale's individual con- 
tribution, which is a very useful one. A cheap dictionary of terms 
WHR much wanted, for the field of engineering exertion iii now so 
wide, and the two kindred pursuits of architecture and engineering 
have so many points of contact, that to most people, and particu* 
larly the public, such a guide was indispensable. The author haa 
many peculiar opportunities for such a compilation, and he has 
fuUy availed himself of them, so as to embrace much interesting 
?ind valuable matter. If he has been occasionally discursive, lie 
ban claimed the privilege beforehand, and has therefore the richt 
to be so. There are many things to be found which are else- 
where only to be met with iu expensive works. 



A Visit to the UnitM St^rice ImtUutimi^ By Lieut, P. B. Shaw, 
K.S.F. London : Parker and Co., Whitehall. 1850. 

This little brochure should be read after the visitor has once gone 
over this interesting museumy and, as udmission is so easily pro* 
cured, revisit with this work in his hand, imd examine more care- 
fully the various subjects he tf eats upon. The author appears to 
make one of the party visiting the Institution, and points out 
everything of interest, doing away with the monottjny of a cata- 
logue, aa he explains the most rare and curious specimens that are 
in the museum : the description of the uses of the different anna 
employed in ancient warfare is most interesting, and those of the 
South Seas and adjacent countries, together with those of India 
and China, show that lie bus made himself familiar with his sub- 
ject. His description of the Naval and PdilitJiry Model rooms are 
invaluable to tiie student destined for the profession of arm«j, as he 
points out many useful hints that might otherwise be overlooked. 
The Miecimens of Natural History are given to the visitor in order 
to bring under hie notice those animals and reptiles with which 
some anecdote is attached. The Antiquities and Ethnological col- 
lection has been most masterly handled, and the anecdotes cou- 
nected with the different subjects most amusing. The Library, 
which appears to be the sanctum of the members, seems replete 
with every work connected with the services. 

The author's object has been to arouse the lethargic spirit which 
anpears to pervade the services, and, as he truly state^i that this is 
toe only Institution belonging to them, he calls upon those officers 
who compose her fthjjei»tys service, to rally rourid it as a standard, 
and give it that support it ought so deservedly get from the pro- 
fession. 



SIR ISAMBERT MARC BRUNEL, 

We have to record the death of this celebrated engineer, whic^ 
melancholy event took place on the l*^th ult. For the foIlowiDg 
memoir we are indebted to the Tinier ;— 

Sir I. Bhunbl by birth was a Frenchman, but his life and geniua 
were almost wholly devoted to the invention and construction of 
\vorks cif the greatest jjublic utility iu this country. He was 
IhiTn at ILicqueviile, in Normandy, now iu the Department de 
I'Kiire, in the year 1769; a year since r*?markable for having given 
birth to many eminent men. His family h;is for many centuries 
held, and now hold, the estate on which he was born; and the luiiiis 
i»f Brunei is found constantly mentioned in the ancient archives of 
the province. He was educated for the church, with the prospect 
of succeeding to a living, and was accordingly sent at an early 
to the seminary of l^t. Nicain, at Rouen. But he scHjn evioe 
strong a predifection for the physical sciences, and so great i 
for mathematics, that the superiors of the eT^tabli^bmeut t^^ 
commended he should be educated for some other profession than 
that of the church. His father strongly objected to his adopting 
the profession of an engineer, as one more likely to prove beneficim 
to others than himself, and he therefore detennined that he should 
be educated for the naval service, in which he thought his son'g 
proficiency in mathemiitics might lay the foundation of his advance- 
ment in that profession. At the proper age he entered the royal 
navy, being indebted for his appointment to the Mfireschal de 
Castries, then the !\linister of I^larine. On one occasion he sur- 
prised his captain by producing a sextant and quadrant of his own 
construction, and wliich he used fi^r making observations. He made 
several voyages to the West Indies, and returned home in 1792. 
At this time the French Revolution was at its height. As Mr, 
Brunei entertained Royalist opinions, which he was not very care- 
ful to suppress, his life was more than once in danger, and he was, 
like many others at that time, forced to seek safety in flight. He 
emigrated to the United States, where necessity, fortunately, com* 
pelled hira to follow the natural bent of his mind, and to adopt the 
profession of a civil engineer. He wns first engaged to survey a 
large tract of land near Luke Erie, He was employed in building 
llie Bowery Theatre, in New York, which not many years ago was 
burnt down. He furnished plans for canals, and for various ma- 
chinci* connected with a cannon foundry then being established io 
the state of New York. About the year 1799 he had matured his 
plan.'* for making ship blocks by machinery. The L'nited Btates was 
not then the field for so inventive a geniuii as Bruners. He deter- 
mined upon visiting England and oil'ering his services and plans for 
this purpose to the British Government. Lord Spencer, then, we 
btdieve, First Lord of the Admiralty, became his friend and patron. 
He became a fre<ioeut guest at Spencer^house, and never failed to 
Kueak warmly of the assistance and encouragement he derived from 
the friendship of Lord and Lady Spencer. From this time he con- 
tinued to reside iu England, and refused to entertain many propo- 
sitions made to him to leave England and settle abroad under the 
auspices of other governments. After much opposition to hia 

1>lans, for a very powerful interest was arrayed against him, not 
essened in that dav by liii* being a Frenchman, he was employed to 
execute them in I^J^tHmouth dockyard. To perfect his designs 
and to erect the machinery was the arduous labour of many years. 
With a true discrimination, he selected Mr. Henry Maudslay to 
assirit in the execution of the work, and tlius, possibly, was laid 
the foundation of one of tlie most extensive eugiueeriiig establish- 
meuts in the kingdom, and in whirh, perhaps, a degree of science 
and skill has been combined and applied to mechanical invention 
and improvement scarcely exceeded by any other in the world. 
The block machinery was finished iu 1806, and has continued ever 
since in full operation, supplying our fleet with blocks of a very 
superior description to those previously in use, and at a large an- 
nual saving to the public. It was estimated at the time that the 
saving, in the first year, amounted to 24,t)00/, per annum; and 
about two-thirds of that sum were awarded to Mr, Brunei, It is 
needless to describe the originidity and beauty of this well-known 
machinery. Even after the lapse of 40 years, notwithstanding^ the 
uarvellously rapid strides we have made in the improvement and 
construction of machines of all kinds, it remains as effective aa it 
was when first erected, and unaltered. It is stOl an object of ad- 
miration to all peBBons interested in niechauics, A few years after- 
wards he was employed by government to erect saw -mills, upon • 
new principle, iu the dockyardsof Chatham and Woolwich, Several 
other inventions were the offspring of his singularly fertile mind 
about this time, — the circular saw, for cutting veneers of valuable 
woods; and Uie beautiful little machiue for winding cotton thread 
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^^^^Uballs, wEidTqreatly extended its consumption. About two years 
^^^Hre tke terminHtitm of the war, Mr. Brunei under the conn- 
^RSaitsce of tb« Duke of York, invented a method of makinir slioe:3 
H for the army by machinery, the value and cheajmeiiSi of which were 
fuUy aporeciated, and they were extensively used; but the peace 
of 18)3 le«senin^ the demand, the machinery was ultimately laid 
aside. Steam navi^^ation al^> at that time attracted hh attention. 
H« wag engaged in the builtltnjfcf of one of the lirst Ranis^^ate steam- 
lM>at«^ and, we believe, introduced the principle of the double en- 
gine for the purpose. He al.<;o induced the Adnuralty to allow him 
to build a vessel to try the experiment of tttwinij: ships out to Rea, 
the possibility of which wan then denied. Many other ohjecls of 
great public utility occupied his mind, nhich in this mere outline 
of a long and active life mu»t be excluded. 

The visit of the Emperor Alexander to this country, after the 
Peaee, led him to submit to the Emperor a plan for making* a tunnel 
tmder the Neva, where the accumulation of ice, and the sudden- 
I with which it breaks np on the terminati*m of winter, rendered 
rection of a bridge a work of great difficulty. This wa^ the 
' his plan for a tunnel under the Thames, which had been 
We attempted without success, Itj lB2t, however, a com- 
I formed, and supported by the Duke of M^elliugton^ who 
f from first to last a deep interest in the work. Many men of 
? also joined it, amoniyist whom the late Dr, WoUaston was 
DOst prominent, and whose brother long continued one o( the 
active and able promoters of the scheme. The work was 
senced in 1B^4. It v,ns stopped more than once durint; its 
progresa by the break in^^ in of the river, and more efTectmdJy at 
Wt by the exhau«ted finances of the company, which never ex- 
tended bevond the command of 180,000/. At lenj?th, after thesna- 
penaion ot the work for many years, by a special act of Parliament, 
a loan was sanctioned. The Exchequer Loan Conimistioners ad- 

■ vanced the fund-s necessary for the completion of the work under 
the river, and, notwithstanding? many weijCfhtv profetisional opinions 
were advanced a^jainpt the praclic^dnlity of the work, from both 
the loose alluvial nature of tnesitil through wliich it had to be con- 
atnicted, and the superincumbent Hood of water, it was finisshed and 
opened to the public in 1843. In a scientific miint **f view this 
vork will always be retr^ii'ded ;is di^^phiying the highest professional 
ability, an amount of energy and perseverance rarely exceeded. 
and a fertility of invention and resources under what were deemed 
ineuimountable difficulties, which will alwvs secure to Sir I, 
Brunei a high place amongst the engineers of this country. During 
Lord Melbourne's administration Mr, Brunei received the honour 
of knighthood, on the recommendation of the late Lord Spencer^ 
then Lord Altnorp. 

Sir I. Brunei was a vice-president of the Royal Society, a cor- 
responding member of the Institute of France, and a vice-presi- 
dent of the Institution of Civil Engineers. He wa.* a Chevalier 
of the Legion of Honour. He was uiuiJfected, simple in his habits, 
and benevolent, and as ready to do a kind act a^i he was to forget 
an injury. He died in his Blst year, after a long illness, which 
first riaited him soon after the completion *tf the Tunnel. The 
care^ anxiety, and constant strain of body and mind, brought on a 
plight attacic of paralysis, from which he never thortmghly reco- 
vered. He leaves a widow, Lady Brunei, one son, the eminent en- 
gineer, and two daughters, the eldest married to Mr. Hawes, the 
L'oder-Secretary of State for the Colonies, and the youngest to the 
Rev. Mr, Harrison, the vicar of New Brentford. 



FHOOHI^XlVaS OF SCZE29TIFXC S0CI£TIBS. 

INSTITUTION OF CIVIL ENGINEERS. 
I}ec, 4, 1849, — Joshua Field, Esq.^ President, in the Chair, 

The discussion was continued on Mr. Paton's ^^Description of ttie 
StmthenU Pkr^ and tlie ramfjen of the '•Teredtt A^tivoH^^' and otfifv 
Marifui Womut^ and was extended to such a length as to preclude 
the reading of any original communication. 

Numerous specimens were exhibited, and commented on, of 
timber thorouglily perforated by worms; whils^t beside them, under 
the frame circumstances, the ^^Jarrow wood," from Aufitralio^ waa 
show^n to have remained completely free from injury. 

The reference to the age of Homer, as an instance of the ravag- 
ing habits of the TeretLt^ induced a return to gt?ologicjil question<$; 
Wid it wau shown that in the London clay, remainsliad repeatedly 
been found of timber perforated by sea worms. The oolite and 



greensnnd formations also exhibited petrified wood, filled with 
boring muluiica?, Tiiis led to the consideration of tfie formation 
most likely to withstand the attack of the Fhfilas; and it waa 
shown, that the Portland fllone waw, from the quantity of silica 
it contained, least liable to be attacked. 

The y/totfi^ was shown to have been in active operation upon 
certain rocks from their earliest periods, but never upon Portland 
stone. Hence it was argued, that kind of stone should be used for 
breakwaters and other works exposed to the action of the sea. 

The early state of the Teredo was noticed; when escaping from 
the eg^^ in the shape of a free swimmer, it was drifted about with 
the tide until it met with a log, a pile, or the aide of a ship, to 
which it attached itself, and making an inroad into it, became a 
non-locomotive animal of different ftirm and habits, never again to 
leave the habitation it had burrowed for itself in the body of the 
timber. The question of whether the boring operation of the 
marine womtd wa^ carried on by chemical, or mechanical meant, 
was lengthily discussed. The thin sheU, covered by its delicate 
membrane, was instanced as not posse^^ing strength enough to cut 
away timber; hut it was i>n the otlier hand shown, that the sliape 
of the two sliells, forming the extremity of the animal, admirably 
adapted them for powerful cutting, or rasping tools, when moved 
rapidly in a circular direction, a^ wtis evidently the ca«e, from the 
uniformly cylindrical character of the hole^. 

The siiells of the Plwins were also shown to be used in that 
manner, and the opinion appeared generally to lean to mechanical 
cause for the effects observed. 

This bearing of the discussion naturally induced remarks upon 
the ravages of the white ant of India; which, however, appeared 
to have been little studied, and less uniLerstood| as far as attempt* 
ing to arrest, or to prevent its inroad.^. 

The various materials, such as Ryan's corrosive aublimate of 
mercury, Sir W, Burnetts chloride of asinc, Margary's salts of 
metals, Payne's combination of muriate of lime and sulphate of 
iron, forming in the timber an insoluble compound, and Bethel'a 
creoeote, or oil of coal tar, were discussed. All had their parti- 
sans, and were stated to have succeeded and failed under certain 
circumstances. Specimens of piles from Lowestoft harbour, v?hose 
waters were notoriously full of worm, showed that timber in a 
natural state was in a iiv>^ months thoroughly perforated by Teredo 
in the centre, and Limnoria on the surface; but that pile»s, which 
had been properly saturated according to Bethers system, in 
exhausted receivers, and subjected to such nressure as insured the 
absorption of about ten pounds' weight ot the creosotOj or oil of 
coal tar, by each cubic foot of the timber, were perfectly preserved 
from attacks of marine animaL* of any kind. 

In one instance a partially '*creosoted" pile had a notch cut into 
it, deeper than the impregnation had extended; a 7'eredo made its 
entry, and was found to have worked in every direction, until it 
arrived within the reach of the creosi^te, when the animal turned 
away and eventually left the pile. 

Bethel's system was ailmitted, by all the speakera. to be that 
which hitherto, after many yeara' experience, had afforded the most 
satisfactory results. 

Some most conclusive experiments, instituted by Mr, Rendel at 
Southampttm, were stated to have produced the same results; and 
at Leith all the piles were weighed before and after their satura- 
tion, to insure their absorbing the full allowance of at leant ten 
pounds per cubic foot, 

De*:, H, — The paper read waa "On the facilities for a Ship Canal 
ComjHunieiitifm between the Atlmttic tittd Pacijic Oveam^ throuah the 
IMmtis of Panama" By Lieut.-CoL Llovo, Assoc. Inst. CE, 

In treat ing this subject, which, on account of recent events, has 
become one of great importmice to the political and the mercantile 
world, the author brought to hear all the knowledge and experi- 
ence acquired during a lengthened residence in South America, 
when serving in the Colombian Engineers, under General Bolivar, 
from vi'hom, after much dilhculty, he obtained permisson to make 
the first survey of the Isthmus, vvhich he accomplished in the moat 
complete manner, as well as making S50undings throughout the 
principal rivei"^ and in the chief harbours; compiling, at the aame 
time, a mass of minute und valuable information relative to the 
country, which he transimittcd to the Royal Society, in whose 
archives they were deposited, and a paper on the subject was pub- 
lished in the Phii^qthiml TransactUmM in 1830. Thus may Great 
Britain claim not only tlie prelection of one of the greatest works 
of modern ages, but also for one of her mivi the merit ot having, 
for the pure love of science, been the lirst to demonstrate the 
facility of the accomplishment of that, which so many have since 
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ileecanted upon, and, to some extent, appropriated without ac- 
knowledg-ement. 

The ireneral views of the author iiidtne to the formation of a 
ship canal-, in preference to a railroad; lie denies that there are any 
obstacles to its accomplishment, but, on the contrary, asiserts so 
many local advantages to exi^^t and to be concentrated nearly at 
one point, that in after a^es it will he a matter of wonder wh v so 
many g-enerations should have neglected, or refused to render them 
available, towards the efitahlishmeDt of this loiig*coveted com* 
munication between the two Oceans. 

The paper first reviewed the surveys of Garella, of Morel, and 
others, wlio had examined the country eubsequently tti Colonel 
Lloyd. It then examined the various lines propoi^ed, and jurave 
reasons for preferring thfit which, starting from the beautiful Bay 
of Limon, would proceed by a short canal, through a flat country, 
to the River Chagre*, thence up the River Trinidad, aa far as its 
depth would suit, and then cutting a canal into the Rio Grande, 
debouching at Panama. This line, it was contended, in the present 
state of the science of engineering, presented no obstacles, except- 
ing the diniate and the expense, to prevent a canal being cut uf 
sufficient deptli and dimeni-ions to float, from one river to the 
other, the largest Khip in her Majesty's navy. 

The climate was stated, from personal experience, to be quite as 
good as in any tropical country, excejpt in some particular spots;, 
where, from local causcB, certain complaints were rife. 

The expense could only be accurately estimated by the survey of 
experienced engineers; but in a country abounding in fine timber, 
and the best building materials of all kind^ whilst no great chain 
of mountains, as had been fancifully depicted on suppositious 
charts, hud any existence except in the imagination of the de- 
signer, it was only fair to allow, that the cost of a canal of such 
limited length could not be very preat, and the supply of water 
might be prefa'umed to be ample, in a climate where there was 
copji^tis rain for nine months in each year. 

The disadvantages of a railroad in such a humid climate, were 
descanted upon at length, and it was shown that the ris^k of injury 
to merchandise from that cause alone, independent of that to he 
anticipated from breakage and pilfering, during the various trans- 
shipments, must induce preference for a can:il, through which ves^ 
sela should pass from f^ea to sea without delay, atid continue their 
vayage to their destination without breaking bulk. 

The means of accomplishing the work were then fully con- 
wdered. The proposition for a certain number of convicts, to he 
contributed by Great Britain, France, and America, was shown to 
be untenable; but it was argued, that a portion of the convicts 
from this country might he more advantageously sent there than 
to our present penal settlements. The means of preventing their 
escape were shown, and a propusition made for introduciug with 
them a number of convicts from Bengal, and the other presidencies, 
whose language and habitn wotild efTertually prevent their mingling 
with the British convict?f. whilst their power of enduring fatigue 
under a tropical sun, and during rains, and their simple mode of 
living, would render them valuable pioneers for the more robust 
Englishmen. It was stated also, that a great deal of native labour 
might be obtained at a cheap rate; sixpence, or ninepence per day, 
and his rations, consisting of a pint of rice, a pound of dried beef, 
and a ffolfn; auguardieiiti\ being tlie ordinary pay of a **l*eon." 
The chief point, however, insisted on by the author, was the great 
field opened in the Isthmus, for emigration for the surplus popula- 
tion of this country. He contended, that it was far preferable to 
the CanadaB, where the poor but industrious and honest mechanic, 
or labourer, on arriving, found that the rich lands he had heard of 
ctmld only be reached by a weary journey, and after such hard^ 
ships, in a severe climate, as his limited means and broken strength 
rendered impossible for him to hear. Australia, with its ariil, 
trackless wastes, held out still fewer temptations to the emigrant; 
for the ordeal of misery to be enumerated by the majority, was 
auch as to deter all but the stoutest hearts from encountering it. 
The Isthmus had none of these disadvantages. It was compara- 
tively within an easy distance; the emigrant would be at his desti- 
nation almost on landing; the resources of the country were great, 
and the productions varied and cheap, whilst the present popula- 
tion was infinitely disproportioned to the superflcial area of the 
countr}'. This point was strouglv insisted on, and it was argued, 
that a grant of land might be easily obtained, in liquidation of the 
debt owing by the government of the country, and as the British 
had once poss-e^sed an estfiblishraent there in l{i75 to 1690, under 
the charter of the '^Scotch Darien Company,*' so a footing being 
aguin obtained, a barrier of the most formidable character would 
be opposed to the annexation propensities of our trausatlaiitic 



brethren, who were making rapid strides towards the poasesaioii of 
this valuable traet. 

Appended to the paper, was a copy of the commission granted 
to Lieut.-Co!onel Lloyd, by General Bolivar, authorisine' hla ex- 
amination and survey of the Isthmus, and of the rivers, which had 
previously been most jealously refused to every one. This docu- 
ment was alluded to with stjme natural pride, as proving, that to 
an English engineer was due the merit of having been the first to 
examine and propose a work of such vital importance to the whole 
world, but which had been since claimed, and in fact, appropriated 
by other persons without acknowledgmentH, 

Dec, 1@< — The annual general meeting of the Institution iraa 
held on Tuesday e v en in e", December !Bth, when the following gea- 
tlemen were elected to torm the Council for the ensuing year;— 

William Cubitt, Premdent ; L K. Brunei, J. M. Ren del, J. Simp- 
son, and R, Stephenson, M.P., Vice Premdents; J. F. Bateman, 
G. P. Bidder, J. Cubitt, J. E, Errington, J- Fowler, C. H. Gregory, 
J, Locke, M,P., 1. R. M*€lean, C, May, and J. Miller, Member*; 
and J. Baxendule and L* Cubitt, AmuciaUs of CounciL 

The Report of the CouncO, which was read, alluded to the past 
season of unexampled depression in the engineering worlds but 
at the same time held out hopes of improvement, on account 
of the agitation of the subjects of better supplies of water and 
gas, the sewerage and drainage of towns, the construction of 
abattoii's, and other sanitary questions; whilst the improvement 
of canfds, in their struggle with the railways for the heavy tragic, 
the construction and amelioration of harbtmrs, the embanking and 
improving of rivers, the recovery of marshlands from the »ea, and 
numerous «>ther works, which had been neglected on account of the 
more attractive railways, would resume their former importance, 
and eventually aflford ample employment for the majority of the 
members of the profession. 

It was shown, that the careful administration of the funds had 
been attended to, and that a considerable quantity of publicationi 
had been isj^ued. 

The alteration of the commencement of the session was shoim 
to have worked weR; and, in general, the report of the prog^reas 
of the Society was very satisfactory, in spite of the bad times for 
engineers. 

The debt contracted for the improvement of the House of the 
Institution was stated to have been entirely liquidated, by the 
liberality of a number of the members. 

Telford Medals were presented to Lieut.-Colonel Harr)^ D. Jones, 
R.E», Mr. R. B, Uockray, and Mr, J. T, Harrison; Council Pre- 
miums of Bfioks to Messrs. J. T* Harrison and J. Richardson; and 
Telford Premiums of Books to Messrs, R. B. Gnintham, T. R, 
Cramp ton, W. Brown, and C B, Manslield; the President address 
ing a few comnlimentary expressioaa to each of these gentlemen 
on presenting the premiums. 

Memoirs were read of the following deceased members: — Mettsrs. 
J. Green, P, Roth well, R. Sibley^ and D. Wilson, Members; A. 
Mitchell; Lieut.-Colonel A. W; Robe, R.E.; C. K. Sibley, W. 
Mitchell, and J, C* Prior, Associates; and J. Woods, Graduate. 

The following extract fr^jm the Memoir of Lieut.-Colonel A. W. 
Robe, will give a specimen of the manner in which civil engineers 
treat and speak of the memory of their deceased brethren, whetber 
civil or military:— 

** Lieut.-Colonel Alexander Watt Robe, R.E., was born at Wool- 
wich, on the 31st of January, 179,'l; he commenced his military 
career, as a gentleman cadet, at Great Mario w, removing from 
thence to the Royal Military Academy at Woolwich, and obtained 
a commission in the corjm of the Royal Engineers, in IBll; finally 
attain ing the rank of Lieut.-Colonel in that distinguished corps, 
in 1837. By a remarkable combination tif circumstances, although 
he was continually appointed for active service, his appearance wae 
generally the harbinger of peace. He joined the army of the 
Pyrenees in 1813, just before the termination of the war in the 
Peninsula; and in 1814 was attached to the forces under Sir 
Eilvrard Pakenham, in the expedition to New Orleana, but only 
arrived at the cessation of hostilities. Immediately on his return 
to England, he received orders to re-embark for the Netherlands, 
but only reached the seat of war a few days after the battle of 
W^aterloo. He remained with the Army of Occupation until 1818, 
and shortly after his return was appointed to the Ordnance Trigono- 
metrical Survey, the duties of which post he performed with ^eat 
skill and ability, until 1 8 41, when he proceecied to Halifax, Nova 
Scotia, as second in command of the Royal Engineers; and in 1843 
was appointed Commandant of the Royal Engineers at St. JohuX 
Newfoundland, in which command his honourable and useful career 
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terminated, mih his valuaUle life, on the 2nd of ApriJ, 1849, wliicli 
wiM shortened by disease, orig'inating in over-exertion on the 
mtrwey in the I^orth of Scotland, and ag-pp^avated by fatigue 
dotiBg the great fire at St, Johns, where he toiled Incessantly for 
forty<-ei^ht hours, in protecting the livea and property of the 
Inhabitants. 

*'CaJonel Robe was descended from a line of ancestors who had 
aU been in the military and naval services; his four brother« were 
ttlfo distinguished officers, and two of them fell gloriously in the 
oarvice of their country* He was devotedly attached to scientific 
pursuits, and was eminently useful in promoting the object of the 
m>cieties which he joined, and for this his mathematical acquire- 
tnents and topographical knowledge peculiarly qualitied him. He 
was elected an associate of this Institution in 1838, and served on 
the cotincU for some years, with great zeal and attention, being 
ecmtinually present at the meetings, and inducing the freqaent 
pfodnction of original papers, or presents of charts, &c., for the 
ooUection. 

**ln the performance of his military and civil duties, his zeal 
and ability were unbmmded; aa a son,' a brother, and a friend, he 
oOfild not he fiurpusjied, and the public estimation in which he wa^j 
held, was fully testified by the general mourning for his loss, at St. 
John's, Newfoundland, where lie died^ and where it was said of him 
that *it seldom fell to the lot of a military man to be so beloved by 
civilians/ The secret of this respect and esteem was tlie active 
and untiring benevolence of his charaeter, which was only equalled 
by hl4 unassuming manner, and the frankness and mildness of his 
demeanour; and the highest eulogium that can be paid is, that 
^thoae who knew him best, esteemed him most."* 

The thanks of the Institution were voted unanimously to the 
President, Vice-President, Memberia, and Associates of Council. 
to the Auditors, Scmtineeri?^ and tlie Secretary, for their attention 
to the interests of this Institution. 

The President returned thanks very brieflv, and on retiring from 

the Chair, after holding it most worthily for the two past years, 

he recommended to the members his snccessor, Mr, Cutitt, whose 

active energy and high position in the profession, rendered him 

evenr way fit to occupy the C'h.iir of such a society, 

^_ The address was very warmly rccei\ ed, and it was proposed to 

^■the council, to consider fcv what means the eminent ptiai PreHidents 

V'eould be enabled to continue their valuable services, in conjunction 

with the acting council. 
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ROYAL SCOTTISH SOCIETY OF ARTS 
^Jfop. 26, 1849. — Thomas CaAiNOER^Esq,^ Preiident, in the Chair. 
The following coaimunicAtioni were made: — 

Al the requMt of the Council an Enperimcntal Eitpoiiticin wai given, 
rontftiaing hit ** Conctudmff abkerttatiom on the ^Strenifih qf Material** om ap* 
piica&Ie to the eornttTuclion qf Cast qf Jt'rQught*Iron Bridffett and on the 
CcrnvHiy and Britannia lobular Bridge* (Part IL), beinff an account qf the 
wttihttd qf raiting the Tube* qf these Bridget.^' 15y Gfioaoa Buchanan, 

In thii coodDding paper Mr. Buchanan commenced hy giving the reiallaf 
in intereiling eiperimetit, made tince the former evening, on the trantverae 
atrength of Caithness pavement. The results of the experiments already 
ahowa OD alaba 9 incbca broad, 3 feet deep, snd 3 feet long^ were aa ful- 
bws : — 

H*llei rS4lb, 

Crtiglelih Il4ei 

Arimwlb * , . w . . * * . . Ihi4« 

The CtHhtiesi pavement was rather lesa in dimensions tliaa the others, 
being only 8^ -inches hroad instead of 9 inches, and 2| deep in place of 3 
» hichea. From the previcms eiperimenta on the , tensile and en m press! ve 
I ftrength of Caithness pavement, he had hardly expected it would equal the 
I Arbroath; but it was fnund greatly to exceed it. After piling on staaei and 
Wick to the extent of 25 cwt., the frame, heing of a temporary nature, gave 
way, but with all the concussion the ttone was not broken ; and on 
Irying it again with t stronger frame, it carried for nearly half a minute 
29 cwt. 1 qr. J 5 lb., and then gave way. This ipedmen, he ufiderilood, was 
from the hardest of the (juarries^ and he has no doaht there are eouBiderable 
diversities, i^hich shows the importance of these expenraents, and of con- 
tinuing and extending them vrith every opportunity. The anit of strength 
from these experimenti is easily dedueed by tnking the breaking weight of 
each specimen, multiplying it by the length, and dividing by the depth and 
by the section of fracture. The results are as follows : — 

L'nlti of itrength. 

Hsiles , 3W lb. 

CrtUfkltb 510* 

ArbfMtti eat 

CaiOtneia.,,. ..« 1M)0 



Mr. Bttchanan then proceeded to complete hb deacrlptton of the lifting 
of the Britannia Tubea* 

The main process of lifting waa completed previous to his viait, and tha 
tube raised to its place; but as it still required some finishing adjiistmenta in 
the bed-plates, be had an opportunity, when there, through the kindneaa and 
attention of Mr. Clarke, of witnesiing tbis great and interesting operation s 
and it was truly gratifying to observe the simplicity and perfect action of %h% 
machinery by which it was accomplished, the movement of the small engine 
and piston beinft smooth and easy, while the gigantic mass of the tube roue 
slowly and majestically to the place required. The ascent to the lifting 
machinery is first by lotig ladders in the dark hollow or void within the 
Britannia Tower. This hKngs us to the level of the bottom of the tube, And 
from thence the ascent to the top Is hj similar ladders in open day, reiting 
on the sides of the tube, and, when ascended, we attain an elevation of 153 
feel above higb-water mark, and nearly 150 feet above low water ; and in 
walking along the top of the tube, between the towers, there being no rul- 
iitg, the guits of wind at such an elevation appear at first rather alariQing, 
yet it is curious to remark, thai immediately on the surface of the lube, ojid 
for several feet above it, a comparative calm prevails, owing to the wind tm- 
pinging upon the sides and Hying over head; so much so, that he wot 
iriformedi even in a very strong wind, a liiehted candle could be carried near 
the surface of the tube all the way without being extinguiibed* 

He then ill net rated the process of lifting by drawings on a large scale, and 
models of the Bridge and Towers, and an enlarged model of the lifting ap- 
paratus ; all which exhibited very clearly the whole details of the operation. 
It is accomplished hy bydro&talic power, worked by steam -engines^ which 
are all erected and fixed on the top of Ibe towers, the engines giving motioti 
to small force-pumps by which water it forced viitb an intense conjpression 
into the interior of large cylinderi, which again communicate this press use 
with increased effect on the enlarged inrface of the pistons or rams which 
move up and down within these cylinders, and at each oieent are capable of 
bearing a most enorcDOUs load resting on the top. In the Britannia Tower 
there are two of these cylinders and rams, standing about 6 feet apart, and 
carrying a vast beam of cost- iron, resting at each extremity on a i bo alder oa 
the top of the ram, and extending between thcin, in one solid mass, 4 feel 
deep, and a proportional thickness, and strengthened along the t>ottoiKi by 
very strong malleable iron ties. 

The rami being made to rise simultaneously, the whole beam risei with t 
flow and regular motion, bearing up whatever may be atlocbed to it. The 
pressure of the water within tbe tubes is capable of being raised aa high aa 
450 atmospheres, or 6,700 lb,, or 3 tons and tip wards per square inch; and 
the area of each ram, which is 18 inches diamErter, being 260 inches, th« 
combined effect of the two rams is capable of lifting upwards of 1,500 tons. 

But alt this machinerf and power would be of no avail, unless it bad a 
proportionally firm and secure place to stand on, and to bear up the weight 
of the machinery ttielf, and in addition to this, tbe 1,500 tons which it ii 
capable of lifting. For tbis purpose, two very massive beams or girders, not 
of cast' iron, hut of malleable iron, are extended across the recess or opening 
in the tower, resting at each extfemity on strong masses of cast-iron, or wall 
boxes built solidly into the masonry. These beama are 21 feet long, i feet 
deep, and 18 inches thick, consisting of a mass of plates laid together and 
firmly bolted, and the whole, being of malleable iron, gives great additional 
security and confidence. 

To communicate the above power of the presses to the tube, which, afler 
being floated, is still situated 120 feel below the level of the pumpi am! 
prf-£ses,two enormous chains, consisting of long and short links of 0iit plates, 
descend from the cross beam or head which rests upon the rams, down to 
the extremity of tbe tube to which they arc attached; very particular ar- 
rflngementa are necessary for attaching these chains to the tubes. For thia 
purpQie, the extremttie« of the tube are strengthened ai the lidea by three 
strong cost iron pillars or frames, standing upright on each side of the tube, 
and rivetted to the thin sides of it, tnd connected by cross beams to the top 
aod hot lorn, so as to form each one entire rectangular frame, tilting the interior 
of the liihe. These frames are necessary, in tbe first instance, for itreogthea- 
ing the lube itself; for, itrange as it may appear, thnugh tbe lube carries an 
enormous load in the centre, yet at the extremities where it rests on the 
piers, and whrre the whole pressure is thrown and concentrated upon tbe 
thin aides, it would not, without aid, carry its own weight ; it would fall to 
pieces in a moment by tbe accumulated presiare \ and it was found, on tbe 
remarkable occasion of the bursting of tbe cylinder, though the tube only 
descended a few inches, sttch woa the effect of the concussion, that thes« 
pi:llars and frames were fractured and shivered to pieces. It Is by these 
frames, Ihen^ that a secure attachment is obtained for tbe lifting chainSf and 
for thia purpose three additional crois-beama are extended at intervals he- 

* It WAS here siifpesttd by ifr. Black, nrcbUect far Heriot't Ho«f)ltaL, thit thfs« »p«- 
dnienli would probably oat giv« m. iAit eiUerion of Cral^LeJth iloiic, aa he conceived tbe 
»lren|jtb urautdj be very mucih dlmlnlfthed l»y the haincnerliiii: and cblsAtfilti^ neccMery to 
reduce it to a S-Snch tbldcneai, ncvd thjit 11 tb« triEk were made upon largrr fnakses n 
greater unl: of atrmgih lAonld, be tbought, be found applicable to them. It wma tx* 
pliilued, bowerer, tli*t Lbe above ipeiltnei] wm not ffom the Mir«r rock of tbe qujrry, but 
fiom tbe commoa rock t and, ai afterwards aUted by Mr, Nutmoo, wba furnlihed nil lb« 
Kpectmena, from wbat la called tbe paireroenl Ankea, whk'h run In parallel beda from 4 to 
6 Inchea Ihkk, tbe *ai«e way u the other paTeroenU* It woa 4^ lucbea iblrk when taken 
out uf tbe quarry i aud the reduction, Ur. Bucbanan did not think could tifect tl<« 
air«Dgtti on tbe abore general rv*ult. Tbe liver rock would ksve bgroe less tbaH ihe s^e- 
dunea. 
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iwten ibe top and bottom of the otitiide fr^mtt, tfid to each of thet« tlie 
chaios are Nttached^ bo ai to btve a lecurr; hotJ of all the tbree together. 

Every proviiion and proper attachment beiiif now made for the Uftinp, 
there i» nothing to prevent the proceit going on. But as the rams are o»)y 
capahle of ri«tng 6 feet^ another arrangement HtUl remains to be eiplaiurfl, 
and which is a curious one, and hai admlrahly answered the purpote. Un- 
lets the rami and (heir croM^beiring beain had a very secure hold of the 
chains* nothing would be saft: ; and ypt when ibe rams have ascended to the 
top of their strokCt they must let go this hold, otherwise nothing further can 
proceed. The chaini» therefore, must be detached from their hold of ihe 
fiearing beatui. In order to provide for this detachment, the chain, instead 
pf being bolted or fixed to the beam, is merely passed throcjgh the centre of 
it, and the top of each link having a sqoare shoulder formed n|Kin it» tvro 
inoTeahle or sliding blocks are Isid on the top of the beam, capable of being 
moved by screws, more or less apart, so as to cotne under the shoulder of the 
Jink, and bring screwed hard up, it forms a complete, and yet not a pcrraa- 
nent, attachment for the chains. When the rami, therefore, have completed 
their lift, the chain is detached from its seat on the top of the beam by un- 
screwing these sliding blocks ; but unless some farther provision were mftde 
for supporting the chain and tube — while it is detached from its bearing on 
the ratns, the whole would fall to the ground, A second set of slidiug 
Mock«, therefore, is provided, resting on the top of the malleable iron beam, 
which carries the whole machinery^ and the links of the chain being made 
txactly 6 feet in lewgth, the lower iJiding blocks are placed csuicliy 6 teet 
below the ujiper, so that the moment the rams have raised the chains 6 feet, 
it brings the shouider of the next lower link level with the lower sliding 
blocks. These being then screwed together, lay hold of the chain at the 
bottom of the link, and kei^p &rm hold until the blocks are detached from 
the top. The rams arc then allowed to descend by letting oflF the water 
pressure, and having reached the bottom of the stroke, the iliding blocks 
then become lerel with the shoulder of the next link lower in succession. 
The upper blocks being then scruwed up and the lower blocks detached, the 
lains again rise by the interna! preisure communicated by the ptimps and en- 
gine, and again carry the tube and all its appurteuancus 6 feet higher, and 
Ibe same operation is repeated by 6 feet lifts in succession, until the whole 
beight is attained. When the chains ascend above the level of the rams, 
each link, as it rises above the level of the bearing beam, is taken down and 
removed out of the way by unscrewing the bolts. 

The opening and shutting alternately of these blocks U tU contrived in- 
geniously, so that Ibe four ends of the two blocks, which have each separate 
movements, are yet all made to approach or recede by the turning of a single 
handle and pinion-winch, so aa greatly to facilitate the process. On the 
Atigleaea Tower there is only a single press, the ram Ueing 20 inches in dia- 
iiteter. The single power has one advantage, that acting in the centre of 
Ihe lube, this uiu»t be raited simultaneously and equally at both sides. In 
the double power, which possesses other advantages, there ta some risk of 
the tube rising unequally at the sideJi, and turning off the perpendicular. To 
avoid this, an assistant is stationed at each ram, who observes on a scale, and 
calls out every inch as the rams ascend, and thus an equality is ro:iintained. 
The opposite ends of the lubes might be lifted limuUaneously by having the 
opposite engines and rams at work together, as was the case in the Conway ; 
but this is hablc to produce an oscillating movement in the whole tube, 
which it ii deiirable to avoid ;, so Ihe lifts are made at each end alternately. 
As the tubes ascend at each en<J, care is taken (o follow theee up with layers 
or plates of limber or iron, piled up uniformly to within an inch or two of 
the l>earing beam, so that in the event of anything going wrong, the tube 
would fall and rest on this packing, and do no injury. 

In regard to the strength of the tube, Mr. Buchanan gave the restilt of 
iomc experiments, communicated by Mr. Clarke, on the itrengih of mallestde 
iron* It had lormerly been considered from those of Telford and Urnwn that 
malleable iron would Ijear 27 tons on the square inch, but these experiments 
were made with hydraulic or lever power, which is affected by the anomalies of 
friction. Clirkc'u experiments are not liable to thb objection, as they were 
made by direct tension, by heaping on masses of iron or other weights till 
fracture took place, and from them it appeared that the average strength of 
mslleabie iron cannot be reckoned greater than 20 or 21 tons per square 
ioch. 

Some remarkable experimenti were alto made on Hvetted platet. It bed 
hitherto been considered, and very naturally, that the tensile strength of 
ri vetted plntea must be diminished by a quantity equal to the aggregate 
section at the rivet-holes, which being pierced through the metal, mu^t, as 
was assurofd, detract from its strength. Mr. Clarke, however, has found by 
careful trinb, that when the IhjUs are put in red hoi, and quickly and pro- 
perly riveited, that the coiitraelion of the iron in cooling is such as to com- 
press the plates together with a pressure about A tuna to the inch, so as to 
require an enormous power to make the plates slide one upon another, and 
ibe heads being, moreover, ao closely compacted into the plate, the bolls 
also reiiat this sliuuig by the power of detruiion,— in proof of which, these 
bolts, in cases of fracture, are often seen cut clean across as if by the shears. 
But whatever mav be the came, the result is, that be considers' the rivetted 
portion of the plate as strong aa the solid. These experiments, therefore, 
though contrary to the received notions, are highly important; they give ad- 
ditional confidence to ihe structure of the bridge, and are also extensively 
applicable in various cases of steam boaeri and others. 



He then explained pariicolarly another remarkable eirctimslanct In lbs 
structure of the bridge — namely, the uniting of Ihe two great central label 
of the Britannia Tower. Thia was proposed to be done by inserting a sroall 
middle portion of lube in the Britannia Tower, so as, by this ctiunecttng link, 
to unite the two eitremitics of the opposite tubes in one continuous masii 
and, in order to give full effect to the principle, it was proposed, before nvei- 
ting the last and final joint, to lift the extreme end of Ihe tube resting on the 
land tower 12 inches or more, while the joint was making, and then lei ii 
down again to its place. The effect would be, by the two tubes pulUiig 
againft one another, and distending powerfully the upper side of tbe tube in 
the Britannia Tower, Ibai ibe deflection in the two oppoaite tubes will be 
diminiihed, and the strain, instead of being borne by the central portions of 
the tul>e. would be distributed, and shared by the whole of tbe section at the 
extremities in the Tower, where the depth ia the greatest, being Iben 
30 feet. 

This was a bappy idea, and he had no doubt it would be succeaaful ; It 
would have Ihe effect, indeed, if all the ends were united, that Ibough ona 
of the central tulies were cut across at ibe middle^ it would still bang by Iht 
extrciuHiet and sustain a VC17 great load 1 and he explained particularly the 
nature and effect of tbe strains on a beam in this situation, which resembled 
tn fact a continuous beam or flooring deal passing over several bearings 01 
jnivts intermediate between the walls, or like the rails of a railway resting 
on Its chairs. It is well known that Ihe cootinuous beam is much atrongef 
than if it were cut across at any of the intermediate joists, and the rails ar« 
subject to greater deHection in the space next the joint chairs, which, on 
this account, are brought closer together. Now, it it important to remark, 
in tbe case of such a beam, not merely supported at Ihe ends, but 6xed or 
attached longitudinally to another beam, that the whole of the particles on 
the upper side of the beam are not subject to a compressive force according 
to the general notion, but are only compressed near tbe centre. The 
extremities are subject to violent distentinn, and the middle parts re- 
main neutral. The true lines of tbe compressive force resembled exactly 
that of the rafters of the roof relative to Ibe tie-beam ; and this confl.rme<| 
what he bad formerly explained, that the nearer we can approach, lu the 
form of oor girders, to ibis simple figure of a triangular frame, the more 
perfect would be Ihe distribution of Ihe tecisile and comprt-tsivt; forces 
throughout the material proper for bearing them. On tbe whole, this ar« 
rangenient would give greot additional confidence in the structure of the 
Britannia Tubular Bridge y for, in ordinary girders, if there were any imper- 
fection or failure in Ihe centre, nothing could save Ihe structure ; bul here 
we have a ginler which, ibough It were cut through the centre, would still 
bear up the bridge, and any load that might be upon it, by Ihe great atrengtii 
remaining in the extremities. 

Great, however, as is the strength and security of this structure, it should 
not be forgotten that bridges of this description, and of such enormous 
spans, could not be executed without great sacrifice of materials, and ahoutJ 
not therefore be attempted, unless from absolute necessity, as in the present 
instance. As we increase the span, the strains on the bridge arismg from ii« 
own weight and that of the passing loads must increase rapidly, owing Iq 
tbe nature of the transverse strain, even if there were no increase of load 1 
and vthen we consider that, in aildition to this, the bridge itself must ba 
increased in all iti dimensions — in length, depth, and thickness — and the 
p^Bssiiig load increased also in proportion to ihe length, it is evident that we 
must quickly approach a limit beyond which the mass of the structure will 
nearly overpower its strength, and leave no remnant for either loait or evn- 
tingcncy. This is shown very clearly when we compare the strength of the 
model tube, as shown by the experimenta of Fairbairn, with those of the 
Couway and Britannia Bfidges. The model tube weighed oearl; 6 tons and 
carried 92| tons in tbe centre before breaking, which is equivalent to 30 timei 
its own weight equally distributed. Now, ibe Conway or Britannia tube, cal- 
culating from the experiments on the model tubes, and tbe data furnished by 
tliem, could not be expected to carry more than three or four times their 
own weight. At Ihe passing load cannot, in the mutt extreme case, exceed 
one-fourih part of the weight of the bridge, there is sliU here an ample 
muFijin of strength and security; but yet it appears that if we were to 
extend our spans much farther we would rapidly approach tbe limit of 
safety. 

In answer to a question from the Prciident, he explained the mode by 
which pruviiion was made to allow tbe lube to expand or contract by beat 
or cqM. This was done by fixing tbe ends in the Britannia Tower, and 
causing the tube at the other bearings on the towers and abutmeaU lo rest 
on numerous cai>t-iron rollers, on which it could easily move backwards or 
forwards. And, in answer to a question from the Vice-President regarding 
the means of keeping up continuity In the rails at the extremities of tbi 
tube, he did not think any inconvenience was found frum this iu the Conway, 
and it was proposed to be provided for in Ihe Britannia Bridge by sliding 
joints. 

Tbe thanks of the Society were voted lo Mr. Buchanan for this inlereal- 
ing series of exposition! 00 the itrengtb of materials, which were given to 
him from the Chair. 

2. '*De9cripthn and Drawhig q/" a Machine /or MorliBhtg^ Tentminff^ 
Boring, and Htjiping TimOer," By Mr. Mjlliam R. Douglas. 

It wan stjircd that Ibis machine in lU its parts possessts great advaolaie 
over hand-laLiour ; and, aa aU the parts are uselul (ur ibe trade, it is A aaTiag 



of room ant] framing to \^^yt tliem connected. The mortising is done hj i 
flf*wbe«l and douMC'Crank eonaected to a croM-heid aimilftr to gn engine, 
ii the centre of which ii fixed the mortiaing-iront the wood pisting under it 
between two gaidet, the one fited and the other elattici to tutt wood of 
Qjltqtial thirknets. To tenon, the mortiaing-iron ift taken out, and the frame 
MMrtaioing tl^e two tawi ii fixed to the cro«A.he«d. On the driving shaft is 

»^etl an eccentric ihoTfit which com mun tea tea the motion to a ratchet tixed 
hi) the end of a roller to which if fixed one end of a rope, the other iii at- 
j^ched to a tlide carnage on which the wood ia conveyed to the «awi or 
aiorti»ing-ifon* To 1>ore, a joarnal h put into the centre of the croit-head 
contaiDing the auger ^ which i« coupled to a square iron rod^ which ia made 
to move eaiilv throngh a thove and fiy^wh^el placed on the top of the fram- 
ing, the motion to which ii communicated from a ihnve and flv-wheel outride 
lAie frftming ; ant amount of prc&Bure roaj he obtained by pdding weight to 
oott tide of the lar^e tl^-nheeL Tiie motion is communicated to tiierifrping 
Mw bf the large fij-wheei t the croas head requkea to he disconuected during 
tiie time of ripping. 

3. **On a meiho4 qf introducinj; an abnndani tuppty of Fresh Air into 
Caai^Minet, and of preventinff the accumulation qf Fire-Damp tftereinj'* 
By Mr. William Sbeodak, of Leith. 

The author gives the following abstract of bts method : — Fans have b«en 

long uied for winnowing corn. They arc uied for smelt ing caflt-iron in 

liea. They axe uied for blowing smilha' forges. They are used by 

era and diitillers for cooling Iheir liquors. They are uied for veulilating 

landings. The question occurs — could they not be efficiently used for 

ting coal mines ? Fant heing of fcuch general utCi thi:ir propertiea are 

Funderatood. By their rapid rotatory motiou they send off a large cor- 

i of air from the extremity of the blades, and by which means a partial 

Itacuum is created at the centie. Attach a pipe to thia centre and let it go 

llong the roaf of all the workings in the mine — thus the enemy will be with- 

a» and a constant circulation kept up. Let another set of fans be put 

ixiotioo, and pipea attached to the extremity of the fan^box, and thea« 

upea running along the bottom of all the workings, an abundant sopply of 

iih and wholesome air would be thrown in, restoring the eqtillibrium, and 

tliug it impouible for an ex^ibdon to take pbce. Any one of these fans 

do alone, but the two combined would be far more complete. A 

nalt engine would answer the purpose, and for the price of fuel, it might 

! said to be nothing at a coal<mitje. 1 do tiol think it would be neccaiary 

to keep the engine in motion 2t hours in the dey, perhap« 12 would be iuf< 

fideut — a tew hours before the miners commence work, and atop when they 

^Kitop* The pipes alluded to do not reqtilie to be strong, nnr their joinings to 

^plie air-tight. By not being tight they will operate along their whule letigth. 

^^ It ta catcuUted that since the year 1800, more than 20,000 human heingi 

have been killed by explo!»ions in coal mines in this country* In LS47 and 

IBid. more Ihaa 1|200 Uvea were thus lost, and iu 1849, upwards of 7(K). 
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et IMIO ahibited a large number of beautiful bketehea, forming part of 
'lbs illaufvliosa of the work on the ' Baronial and Ecdcaiattical Antiquities 
of ScoUaiid.' 

AotiqaittfB are to be regarded not merely as objects for date-mongers, bat 
M vorka of art ; at memariati of ancient times, mobt valuable &a illiistratiog 
Irifltory. The antiquarians of France and Germany — nay, we ourselves, 
ha?e beeo too apt to claim great remntene» for their antiquiliefi, but all 
thete are pnt to ahame by the more ancient remains of India ami Egypt. 
As a preliminary remark it was to be obaerved, that although the principal 
tnonumenta of both England and Scotland may be identical in minute 
dctiili ; yet, at the same time, great changes and varietiea occurred in various 
leading features, to as to produce a diitinct individuality in the character of 
the Scottith edifices. 

The beautiful little Church of Letjcbara, in Fife, by aome reputed aa of 
S»aa origin, is a fine I4orman specimen, with an apsidai east end. The 
Cathedral at Elgin is a beautiful edifice, and the arcadcd streets of that town 
meet Intereating, somewhat reseinbliiig those of Chester — the arcade, how. 
erer, being on a level with the street, and constructed of stone. At three 
Utiles from Blgin is a curious old fire-proof hou«e, at Coxtou, in which the 
sltemate stories ate arched, with aemi-vaultings, the upper one, however, 
being pointed. The turrets of Cawdor Castle, near inverneaai are carious, 
being circular tn the lower part and octagonal above. 

Mr. Billings conaiJered the firat Scotch architectual era to have ranged ai 
in England, from 10G6 to 12(10. The Abbey and Palace of Dunfermline, and 
the Cathedral of Kirkwallj are gigantic caamplet of that period, and Ibey 
bear a striking alSnity to Durham Cathedral, the solid cylindrical columns in 
the two being identical j and history informs ut that Malcolm the Third, in 
1093, asaifited in lajiug the foundation of Durham Cathedralt and soon after 
bis return from that place^ founded the Abbey of Dunfermline, the firat 
tDonka of which were from C&uterhory, The smaller Scotch buildings of 
\ht Norman period approftcb nearer Ui beauty v^ tlioao of Engltad. Among 



the moat beautiful and perfect ipecimena are the Churcbea at Letiehars and 
Dalmeney. An endless variety of detail waa presented in Scottish architec- 
ture, most remarkable; when not only antmala and foliage were introduced, 
but even the signs of the Zodiac. At the period of the transition lo the 
early Pointed or Lancet, the mouldings of the Scotch buildings became so 
minute, aa to eicite almost a feeling of pity for the workman who had to 
accompliib such a task. Some of the capitals at Holyrood Chapel are a 
verification of this — the quality of the ornament was, however, equal to the 
quantity. At a later period, the system became the very reverse, and mora 
effect waa produced without mouldings by the use of the chamfer, the splay 
of the arch however being moulded. The Cathedral of Dunblatie is an extra- 
ordinary example of the great effect produced by the judiclouf uae of limited 
means. 

Had the ancient friendahip between Scotland and England continued to 
exist, there is little doubt but that the architectare of both would hive re- 
mained nearly identical ; but the complete severance of all friendly tiei 
between the two kingdoms, and the endless feudt among the various cUna 
and even famdtes of Scotland, compelled the lairds to make their honsea 
strongholds of defence, both against their English foes, and the attacks of 
their own countrymen. This state of things gained for Scotland at Iea»t 
this advantage, that of poa^essing what no other country cao boAst of — a 
complete senea of Castellated Architecture. Not only did the clanoish coO" 
stitution of society in Scotknd at this time divide the population into very 
fttiall parties, but the very disposition of the people waa averse to Urge coa- 
gregationsi this may easily be proved by the »mAll size of the ancient portion 
of Scotland'! capiul, and of Stirling, the approaches being defended by a 
strong fortress. The political changes of society have, however, gradually 
had thi'ir effect in Scotland, and the application of steam and machitiery 
have almost entirely changed the state of the country in this reaped. 
Ancient mansions have been deserted and dismantled, and detached housea 
of the lower clatsea, and many '* towns,'' as they are called, have been 
allowed to decay and fall. 

It la very singular that Scotland doei not now poasesa one recognisable 
specimen of a Norman Ca&tle; although, close to her borders, so many are 
to be found, such as Norbam, Bamborough, Newcastle, and Durham. Tet, 
that such custlet did exist, there can be but little douht ; and the only mode 
of accounting for their disappearance is the supposition that they were sold 
by the magistratea as quarries, out of which to many of her abbeys were 
conitincted. So determined seems this desire to have been for the destroo- 
tion of old caitUs in Scntland, that Caerlaverock is the only example earlier 
than 13j0, and it still retains ita corbelled parapet. Kildrummie, in Aber- 
deenshire, appears to he the first recognisable Scotch castle, and waa built 
about 1270 to 1300, belonging to the early English style. One side ia ex- 
ceedingly singular, forming the end of a church with three lancet windows; 
probably so eonstmcted in the expectation that any attacking force would 
respect the place of worship. The early Scotch caatlea appear to date with 
the lime when the Brucca aud Baliola left their Euglisb caatlea and occupied 
Scotch ones. 

During the 14tb and 1 5th centunea there existed a considerable affinity 
between the Ecclesiastical and Castellated architectural decorations, thus the 
hanging tracery of Rosslyn Chapel and the west front of Holyrood is found 
in the court-yarda of Llinlitbgow Palace and Stirling Castle* The projecting 
turrets, 60 peculiar a feature in Scotch Castellated Architecture, are wonder- 
fully constructed ; many of them being infinilely more maesive and weighty 
tliBu the walls to which they are attached. This Ii the case at Kirkwall, where 
the Bishop's Palace is a fine ecclesiastical fortress residence. This edifice and 
the Abbey of Crossragoel are magaificent specimens. In fact, the latter ii 
a fortified abbey, with all the requirements of a cathedral establishment. 

Some of the old castles appear to have been elaborately paiiited in what 
has been called fresco; but, from the fact of the paint peeling off, it waa 
evidently never incorporated with the plaster or wood. In their plans the 
castles varied considerably { and this must be attributed to the most natural 
of causes — the architecta in those days invariably suiting their plan to the 
nature of the ground on which they were about to build« Caerlaverock 
Castle may be mentioned as one of the moat singular in plan, being triaogu- 
lar with round towers at two of tbe angles, aud at the thitd double lowers 
with a gateway between them. Tbia i« the only fortreaa iu Scotland retain* 
ing a moat ; the portcullis room, too, is very complete. Inigo Jones is said 
t{} have imitated the plan in Longford Hotae, Wilts, belonging to Lord 
Eadnor. Fivie Castle is another, quite peculiar in plan, and its elevation one 
of the grandest In Scotland: the ceutre also is highly illustrative of the 
Scotch Castle of the IGth century. The construtJtion of tbe staircase ia well 
worthy of notice, with its steps 16 feet long. 

After the general introduction of gunnery on a large scale, by mcaoi 
of which the reduction of any fortress by a regular i nvettm en t became only 
a queatioa of time, the Scotch prudently defended their btilldings against 
attacks by small arms, the only means that flying parties of marauders could 
have at command. This system waa of great importance in developing 
architecture, for it did not prevent the addition of ornament to the Castel- 
lated house. The decorated ternituaiions of the mussive walls in aome of 
these buildings, form a highly picturesque and pleasing contrast. It waa, 
however, upoti the old walls of keep towers, that the turrets, windows, and 
roofs of the domestic character are raised ; and this will account for tbe dia« 
appearance of many of the old castles. Giammia, Caatle Fraaer, and othera. 
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Are itrikmg mitancei of the extent to which the Tnrreted at>la previUed 
ihrougli the kiugdofu ; nearly ill the oM keept receiving oetr lopt, aome of 
Ibeiu being of a highly oroimental character. 

In the early part of the 14 th century wai introduced another miied ityte* 
iti which the £cclesiuticil and Domeitic Architecture were combined, as at 
Dunfermline, where the history of domestic architecture ii carried hack to 
the Norman time: for in the windowi of the has«ment, the hold arches of 
MaJcoliD'f palace Burinount the windows of a Utcr period. At the first to 
notice this, Mr. BiLJings recommended iti being preserved jealously, aa the 
ofily known ipecimen of Domeitio Arcbilecture in Scotland of the Normaii 
period*. 

We now pass to the revival of the Italian atylei, which, beginning about 
the year 15B0, continued for a full century, producing numiicflesi buildings 
in a style romai^tically picturesque, and which bear strong evidence of the 
architectural ability of that permd. Indeed this may be called the flowery 
period of Scotch Arcbitceture. The nianaions may be divided into three 
elaases of design : — 1st, where the chimney shafts, crow-atepv* and open para. 
peta appear in combination, as at Wiotoun Hoose, near Tranent; 2udly, 
where a combination of turrets and square chimney-shafts caists, as at 
Newark ; and 3rdly, where the chimneys become quite secondary, the main 
feature of design being bigb roofs with dormer windows, crow -steps and 
turrets. Here the coyrt-yard of lieriot's Itoipital may be cited as an 
ej[ample* Dalpersiei in Aberdeenshire, is the Ymk between the castellated 
and d omen tic styles. 

The Domestic Architect ore of Seotlaod bears evidence of the great at ten. 
tion paid by the architecta to details. Thus the window heads, and other 
ornaments of Heriot's work, are a complete school of design : for in that 
hutlding, only one case of repetition occurs in the ornaments aurmnunting 
the windows* Indeed this edifice, as a colossal example of one date, is un- 
eqnallcd« Two sides of Linlithgow court-yard are of a corret ponding ntyte 
of architecture, the remaining two forming an interesting example of the 
Domestic Architecture of the 15th century. In Scotch houses the oppr^site 
aides generally present a striking contrast in style [ this peculiarity is fuLly 
itluitrated in an example at Newark-on-Clyde. On the river front of this 
hbilding, the combiimtion of turrets, jutting staircases, and square chimneyt, 
is prominent : while on the court-yard side not a turret is to lie seen, arid 
the dormer window forms the main feature of the elevation. The old keep 
tower, to which these domestic huildings have been attached, atone enables 
one to recognise the fronts ss belonging to the tame building. 

There is etrong reason to believe thiit the origins! combination of jutting 
turrets and corbelled itaircases is to be awarded to Scotland alone, in spite 
of what may be called foreign types. Their conical tops may possibly have 
arisen from the stsircase or recessea called oratories, which frequently occur 
in stieet architecture of the Gothic period on the Continent, and of which 
there is a specimen or two also in the CowgaCe, at Edinburgh, These 
recesses are if^variabty supported upon a column, whose capital n bracketed 
out to the required size ; but the corbelled ba&ea of the Scntch turrets belong 
to the early period of caitellated architecture, the variety and quaintness of 
docoration in their windows at^d mouldings marking them unmiUakeably as 
Scotch. The genera] picturesque appearance of the small round turrets lo 
peculiar to Scotland, is much heightened by their contrast with the opposite 
forms of square massive cbisney-a hafts, as may be seen at Newark. 

Whosoever formed the school of design which lasted during the whole 
of the 17th ccntufy, deserves the highest credit. Schaw, who rebuilt one of 
the western towers at Dunfermline, died in 1G02; and although the mixture ! 
o( Italian and Gothic did not predominate until the 1 7th century, yet many , 
<jf the Aberdeenshire castles bear evidence of its advent towards the end of I 
the 16tb, and Schaw was mont undoubtedly practising successfully at this , 
lime. The principal baronial buildings were built, however, after Schaw*s 
death, and generally bear their own dates, about 1G5Q. 

An interesting fact, discovered by Mr. Billings, proves that Wintoun I 
House, Moray Mouse, the Great Hall at Glamrais, and Craigievar Casile, are 
works of the same architects and buildeis : nearly all the plaster work of 
these are cut from the same moulds. As an excellent example of the archi- 
tecture of the middle of the 17th century, when it became the fashion to 
introduce the Doric, Ionic, and Corinthian orders, surmounting one another, 
the body of Holyrood Palace may be cited. Although Inigo Jones baa 
always bad the credit of designing Heriot's Hospital, and his name been 
identiBed with Glammia and with one side of Linlithgow E'alace, it is singu- 
lar that his name never appears on the records of the building, such as con- 
tracts or bills giving minute particulari, which are still in existence. There 
is, however, snch a strong alEnity between many of that great master's works 
in London and tome of the northern buildings, that in the absence of proof 
positive to the contrary, they may safely be attributed to bis genius. 

The elegance and variety of design in the ornamental portions of the 
buildings of this period muiit not be passed over in silence { they evince a. 
bold and vigorous determination to accomplish aomethiitg original, carrying 
art as far beyond the meagre Italian types as it was possible* Wintoun 
House may here be mentioned as standing pre-eminent in the quality of its 
work. The design and execution of all its detail is perfection of ibe style. 
The artistic wlndow-beads, quite distinct from the Italian style { the elabo- 
rate geometric foliated ceilings, the chimneys and their staika, are all equally 
admirable-, presenting together, perhaps, the most impressive specimen of 
Scotch Domestio Architecture. It should be meutiuued aa being unique 



among Scotch houaei in not possessing corbelled turrets. In Craigievar 
Castle, in Aberdeenshire, the ceilings throughout are very similar to those al 
Wintoun, but infinitely more varied among themselves; and even the furni. 
ture pirUkes of the arcbitecturil character of the building : il offers a fijia 
example of its time (1620). 

Having shown how prominent the details stood in most of the baildiogt 
mentioned, it must be observed that one of the great causes of success in tht 
Domestic or Baronial Architecture of Scotland was the comprehensive study 
of situation, and the cnmposition of designs to suit these. The jutting ttir* 
rets, gables, broken forms of detached roofs and surmounting towers, and, 
in short, all the playfully- picturesque forms of Scotch architecture, essentially 
agree with its landscape, and the fitful forms of its ever-ebanging clouds; 
and is as completely in harmony with the country, as are the stately ub* 
broken forms of Greek and Roman temples with the cloudless akiea of the 
countries to which tliey belong. 

After the relinquishment of regular fortification, the Scotch did not givf 
up ita external appearances, for stone cannon in hundreds of forms, as gar- 
goyles, water-spouts, and more often as mtreoruaments, are to be seen upon 
the more modern castles. In aome of the old castles the formidable If>okiog 
port-hotea are on inspection found incapable of being used for woildng 
cannon, from the narrow dimensions of the walled recesses behind, tbera 
being barely room to make use of a carbine. The picturesque gateway al 
Linbthgow may be instanced as an example, being almost a sham armameot. 
This innate love for fighting, which the Scotch at all times possesaed, indncfd 
them to carry out their emblems of strife beyond the buildings in which 
they secured themselves ; even Ibe Hower gardens being made to partake of 
a military character, as at Stirling. After the reformation bad shaken the 
fouiidatiuus of ecclemntical domination in Scotland, it was to castles aod 
houses that the ability of the arcbitircls were turned ; and here is the golden 
age of Scotland's bEitlditig fame. In other countries, the invention of gun- 
powder put an end to Castellated Architecture. It is scarcely to be doubted, 
that architecture in Scotland would have become more interesting, but for 
well-defined causes; the divided power of the monarch and the great feudal 
lords, and, the still more diiastruus one, the English interference begioniog 
with Edward the Pir^t. 

The variety of Triforia in Scotland forma a cunoos feature, dififering froni 
those of England in the varied dimenaions of the columns, in which must be 
recognised a spirit of determination to produce new efffcls. 

The profusion of niches, also, and their elaborate details, must be cooii- 
dered also as a distinct feature in Scotch architecture. Biabup Kennedy's 
Monument, it St. Andrew's^ is one of the moat elaborate examples ol munn- 
mcntal art in the world. 

With regard to the Arch in Scotland, it cannot, with the exception of ft 
few instances, lj<tt considered, as in other countries, any index to the style or 
date of buildingi* The circular arch, ouly y^ed in Norman architecture 
elsewhere, was always in general use north of the Tweed. A doorway of a 
later date than UOO, in the High-slreet, Edinburgh, the western door and 
the towf^r windows of Haddington, the doorway inserted in thesemi^Norman 
wall of Holyrood Chapel, arc all cases in point ; their details proving theni 
to be of a date later than their first appearance would imply. All kind of 
arches are common to Scotland, excepting the fotir- centered, peculiar to the 
Eitglbh perpenditolar I the only sppro««ch to this style out of England is to 
be seen in the east end of Stirling Church, It is rather then to their foJiat^^ 
detail of capital, bases, and mouldings, that we must look for the t^^H 
of the time in which Scotch buildings were erected, and by these meil^BQ 
the diffitiulty of distinction ceases. This is a remarkable feature in the 
Scotch architecture, a tenacity of retaining forms of styles while detail waa 
degenerated. Thus, in Fifeshire, Dairaie Church and Michael Kirk have all 
the main features of early decorated buildings, and at a distance would be 
mistaken as belonging to that style, but the detail is decidedly debased in 
character, and the date upon each confirms the style from l(i20 to 1630. 

In the same manner that Scotch Jrehiiects mingled styles, Scotch Poe/tcal 
epitaph makers adopted mixed languages ; thus — 
E*re I1«s the Laird of Lundle 
ti\c traiuk glona mundh 

HIc Jac«'t Johnnnet Spends, 
QUaa biggki tbfi Kirk Yoird Uyke mt hli nln ixp«nce«. 

England undoubtedly adopted the classical styles more readily than Scot- 
land, and when the orders of architecture once bad a hold they retained it, 
and our own styles became a dead letter. Scotland, on the contrary — ever 
cautious — adopted the orders very charily, and it was not until a com para* 
lively recent date (ItitiO) that the three orders were seen surmounting one 
another in Hulyrood Palace. It is to this position that the Scotch castlei 
and houses owe much of their interest, for the irchitects of the time only 
adopted so much of the detail of Italian architecture as left the spirit of 
their buildings entirely Gothic, 

A cordial vote of thanks was immediately pasted to Mr. Billings, for hit 
graphic sketch of the history of Scotch arebitecttire, and for the brilliant 
drawings by which his remarks were illustrated. 

Dec, 17.— Syonbt Smirkk, Esq., V.P., in the Chair, 

**0n the Mant{faciuf€ of Gfagu, and its application to Jrchitectural Pwr* 
/rt>*e#." By P/offssor Donaldson. 

Aiter t few obiervatiom on the origiail introductioa into Great Britaia of 
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i lltffut mttemi (for ti-chiieciartl {mrpoiet) — wliich appetrt to ba?e Ukeu 
llMHio Ute »rvcnlh centurj of theCbruiiAacra, — Mr. Don a fdton proceeded 
W i^cribc the diflerent matermU and their proportionate qittniitiet «a 
euiflUjnt in makiiig glaaa. He theo gave a very elaborate deicription of 
tlMvafiaus pfocesica coanected with the manufacture of the several qualitiea 
touHtai aa fiitii or crfiUl, crown, &heet and Gcrinan &heet, bottle or common 
piCD, And plate gtrnss, — ^A number of driMings UtustratWe of each itage of 
lim ataaaCicture were eihibiteil. — Mr. Donaldson particularly alluded to the 
frifltrf^r nae of tbe ** rougb plate glafs'" for rouf ligbtlGg* either in the 
hrm t>f lilea or of *' lunette doraea ;"— wmc of which were eibibited, being 
J iU $ in* in diameicr, from the eatatilishment of Meisri. Suinburne, — The 
Nenelian plate^ iio pressed with a diamond pattern, was also mentioned as a 
beautiful and mcUil article for tranamitttng the tight without allowing ob- 
}tcU to be teen through it. — The ventilating glass for windows, called the 
''patent perforated/' ia tn admirable invention ; the glass panej being per- 
forated at regular intervals, and thus admitting air while transmilting the 
light. As an aujuiiaijr to the a^niury improvement of dwellings it may 
prove valuablef and become generally used. In ail usiou to the colour ac< 
(jvired by pUte glais on expoaure to the atmosphere, Mr* Donaldson observed 
thftl aome ctperimeots bv Mr, Faraday bad proved the caase to l>c the pre- 
tence of metallic oxidea, which were thus iaHueaced by the atmosphere, and 
impart ed the blue and purple tinge so frequently observable in window panea, 
Sooie ipfctmeot of glaaa sihered by a new process patented by Mr. Thomp- 
son, of B«rners-street, were exhihited, and a deposit of pure silver is ob- 
Uiiiedby aid of saccharine solulioni. The expense of this process has been 
reduced within such limits as give every prospect of its adaptation to a muU 
tJlade of useful and ornanicntal purposes. The effect of gold, bronze, steely 
hc^f is readily given In the application of tbi:i process to coloured gla»s< 

A diioilision arose from an objection raised hy Mr. Titb u to the cor- 
I of the term ** plate" being applied to glass which wu Mown, The 
00 ia ooe on which much difference of opiniou exists, but Mr* Swin^ 
t contended that the term is extensively used in the trade. 

Mr. C, H. SssiTH offered a few observations on the practicability of cut- 
ting large iquarea of plate glass by the aid of a plane-edge saw and very fine 
iind — which he had ascertained beyond a doubt during the hut summer. 

I SOCIETY OF ARTS, LONlK>N. 

AVr* 2B fttid Dec. h, 1849. — Benjamin Rotcu, Esq., Y.P., in the Chair. 
« Om tk9 CW/iwfian and Manufacture of SufforJ* By Mr. J. A. Leow. 
Ttie modern agricultural improvements, irrigation and sabsoil drainage, are 
liitlc known in most of the Briti&h colonies, and very few of the commonest 
agrieultural implements fiave been introduced there* The chief alteration 
which has been adopted is the planting the canes at a greater distance from 
each other than formerly. The theory of clearing, planting, moulding, and 
cutting the cane in suitable season is understood, but seldom practised. Itii 
errooeooi to soppoie that European labourers cannot endure the climate in 
the aufaf*growing colonics, and European emigration ought to be encou- 
rafod. The tr%% improvement in the XN'est Indies should be the organihation 
of 1 new system better adapted for emancipated negroes. The planter of the 
present day cannot do better than lease his fields to a set of negroes, on con- 
ditioa of their planting for him three-fourths of the land with sugar-canes ; 
10 that t!»e negroes will be dependent for support on the produce and its 
quality, and will not fail to cultivate the Ian in a proper manner ; the owner 
of the estate erecting improved steam-machinery, giving up the cultivation 
of the Und, and remaining a sugar-manufacturer. The er-planteri in hll 
new eilablishment, will then no longer require hired negroes, for the people 
of hii manufactory being British emigrants, the colonial sugar will be pro- 
doced by Creole groweri and European manofacturers. Small West India 
proprietoft should join their lands, so as to form a farm of 700 or 800 acres, 
to be cultivated as before mentioned, atid erect thereon ft central sugar ma- 
nufactory capable of working the produce from 500 acres of sugar-canes, 
which will be, on an average, 1,000 tons of Muicovado sugar from 10,000 
tons of canes. Thus they would farm in a small space, and manufacture 
with powerful machinery, in which consists the required agricultural im- 
pTOvemeots, and isolated estates might send tbeir concentrated saccharine 
mitter^ or crude sugar, to a parochial central factory. 

The cultivation of the sugar-cane requires more labour than other plants, 
and in ihAt respect a cane- field may be compared to n garden, and, like tt^ 
rtquires constant care and attention. 

The woody part of the ripe sugar-canes is generally consumed as fuel in 
the proceaa of manufacturing sugar ; other portions arc used as seed, forage^ 
and tnauore, the green leaves being given as food to cattle. It is found Ih&t 
I 109 lb. of canes generally yield 50 lb. of juice -, these 50 lb. of juice produce 

hf the old process of manufacture 5 lb. of Muscovado sugar end 5 lb. of 
netaieea scum ; the remainder, 40 lb., ia the qiunttty of water to be eTapo- 
nted by the manufacturing process, 

Nottiing can snrpas* the slovenly, unscientific way In which sugar h made 
on those eatatea where the common process is in me : a^d in the whole 
Odtisb dominions only four sugar plantations have received complete steam- 
iaichinery« The author iccommends steamj not only at a moving power, 



but alao for heating and evaporating purposeBf and refers to a Colonial 
Steam Generator, which he has invented, as answering every purpose that can 
b«f required ; but this modern apparatus will be only beneficial when worked 
on a large acale. 

In selecting the ground on which a manufactory is (o be erected maiaty 
depends its future auccest . 

The eitay then deseribea the various existing mills made use of in the ma* 
nufactore of sugar, of which the chief defects are — 

1. Overspeed ia motion. 

2. Mismanagement in feediug. 

3. Inefficiency of the moving power. 

The great price of coal, however, in the West Indies, being 2/. l&s. per 
ton (when used), readers the working of ateam-power very expeoaive; how* 
ever, the steam may be economised and employed in aubsequent processes. 

The eaaay proceeds to describe the Steam Defecator, and other apparatua 
employed in the manufacture of sugar, and the advantages peculiar to each. 

if fffeat improvement in sugar manipulations, even greater than the con« 
centration in racKo, is thcappUeatioo of Animal Charcoal for manttfacturing 
and refining sugar. The discovery of revivification allowing the same carbon 
to be used again enables the refiner to produce the best quality of sugar from 
the raw materid by a single operation : and by improcing on the same prin- 
ciple of filtration, the colonial maoufaeturer will succeed in producing refined 
sugaj* direct from the cane, and thereby dispense with the secondary mani« 
pulation in Europe. 

Concentrated cane-juice, containing more than 50 per cent* of aacchaKne 
matter, will be altered if boiled at a high temperature, or re-coo cent rated at 
a low one \ but if boiled in pacuo^ the Bacchaiitic liquid may be rapidly con- 
centrated at even a low temperature. The author recommends the use of 
Clark's Condenser, in which the steam is distributed all at once, in 216 ver* 
tical pipes, radiating to a aingle collecting pipe, communicating with the air- 
pump, — and a double-evaporation apparatus constructed by himself, and 
operating, 

1st* Without alleiiog the saccharine matter, u well with a mintmum as a 
maximum of water. 

2nd* Without borrowing any water. 

3rd. Without requiring active superintendence, and iaring fuel to a large 
amount. 

In building a sugar manufactory, the main due of the steam generators 
abould pass close to the curing-house wall before reaching the chimney, — 
cast-iron tubes lying across the fine, having one end in the curing-house, 
whilst the other receives the outtide air, being heated from the caloric from 
the fornace, warms the inner air passing from the yard into the curing-bouse* 
Thus a hot-air apparatus is formed with great economy. The direct bleaching, 
1. e. the artificial mode for separating the liqnid from the solid sugar, is done 
bjr sprinkling water on the sugar with a small instrument made for that pur- 
pose ; and, according to the number of aMutions, this operation will produce 
crushed lumpfr or stamped loaf-sugar. 

The modern steam apparatus for manufacturing sugar with profit requires 
Ibe fulfil men t of several conditions % 

During crop-time, continuous work night and day, — from whence three 
advantages arise : 

1st. The cane-juice does not become &our, as when standing during the 
whole night in the heated apparatus. 

2nd. Fuel is saved, because the fire has not to be re-Ht. 

3rd. Double v^ork being done, the eipeoses of the machlDcry are reduced 
50 per cent. 

A better ctus of labourers must be procured, and work for the whole year 
round provided for them. 

Mr. Leon is of opinion that nothing but such a total change can restore 
the British sugar colonics; and to prepare for this, two things are necessary: 

1st. A thorough knowledge of the modern art of building, erecting, and 
woUcing the improved apparatus. 

2nd. Regular theoretical and practical information on sugar manipulation 
for the instructioQ of colonial factory managers, to be given in a London 
laboiatory, furnished with the necessary utensils for working on a small 
scale. The sugar for experiment should be extracted from the beet -root,— 
the juice of which is nearly identical with that of the sugar-cane. 

The essay was accompanied with numerous drawings and models, illoitrt- 
tive of the apparatus and processes referred to. 

Dec. 12,— T* Webstkb, Esq., V*P*, in the Chair, 
'' On the Application qf Etectrieify to tht Artt and Sdmcet," By Mf« 

HlGHTON. 

The paper was illustrated by beautiful specimens of simple and compound 
deposits as applied to works of art \ also specimens of electrotypiog, as ap- 
plied to the preservation of animaU, insects, and plants. A beautiful dec* 
trotype cast from a daguerreotype plate was also exhibited, Mr, liighton then 
ntloded to the application of electricity to the art of war ; to the freezing of 
water; to the formation of hail; to the ventilation of coal-mines; and 
finished by showing, that from the fact of electricity differing from all other 
known forces of nature in its property of producing direct circular motion^ 
it became a most valuable analytical test for ascertaining whether certain 
other forces were simple and direct, acting in one straight line, or the «• 
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sulltot of a combmition of forces Acting in vnnous direciionA. The aulbor 
CQDcluded by Applying thii AnAlftlcAl test to the mQttoDs of the heavenly 
bodiet. 

Dfc, 19. — T. UwiN8» Esq., It A., in the Chair. 

Mr. HiGHTON rcAd a short mpplcmcntary paper, ** On the Apphcnthm qf 
EUctricUy to the Arts and Science$,'* when a long ind interesting diicussion 
took place, duiiiig which the taoous proeesees of electrotyping were de> 
icrihed by Mesirs. UightoOi Newton, and Hunt. 

A number of new specimens of electrotype were exhibited, among which 
waa some iron tubing coAted with a deposit of cadmium to prevent oxida- 
tion ; also iron covered with a deposit of brASi , hitherto deemed impossible — 
the brass being a deposit of copper And cAdmiuiUp instead of copper and 
zinc. The construction of chronometer balanccSf on which a deposit of copper 
on the steel remAins insteAd of brass without fusion, and the teropetAture of 
the steel remains the same as that of the atmosphere, was also exiuhited. 
The remAining speciraeni , which were of remarkable beauty, were supplied 
chiefly by Capt. Ibbetson, Mr. Elkinglon, Mr. CoUis, and Mr. Ackermann ; 
those of the bst*named gentleman being from the royal manufactory at 
Berlin. The pAper concluded with a further expianAtloa of the philoaophi« 
cil pArt of the subject. 

A paper, " On an improved method qfcanntrMeting BuiMingM whereby ike^ 
are rendered Fire-prw^^ teithout inereane t^f Cottt* was read. The leading 
features of the proposed method are, thesahsiiiution of joists of wrought or 
cast iron for those of limber (generally used), and the entployment of sue- 
centve layers of incomhuitible materials, supported by these joists, and form- 
ing the finished floor or roof. The great principle of the method ii the de- 
velopment of strength and firmness by the combination and consolidation of 
the nhole of these materials into a compact maia. The model placed on the 
table illustrated the successive steps in the fonnition of the floors and roof; 
and the remainder of the building waa explained by the diagrams exhibited. 



INSTITUTION OF CIVIL ENGINEERS OF IRELAND. 

Dw. 11, 1849*— Lt. -Col. Harry D.Jones, R.E„ Presidenl. in the Chair. 

1. A paper was read by Mr. D. Gibbons, describing ** The Effect t pro^ 
ditced by the Action qf the Sea m recent galeSi upon the PierM at Kingston 
Ilart/tmr; aUo at Newcastle, in the county Doten** 

The history of the injuries caused by the action of the sea to the work a 
of these harbours involved the consideration of two very important prin* 
ciples connected with harbour cfiginecring— viz,, the roost suitable trans- 
verse section for sca^wtMs and piers; and uko the depth of water at which 
the force of a wave, in its onward motion, would cease to prove effect ive, 
when coming iu contact with sea-walls. These two subjects had engaged 
the consideration of other scientific societies for a long period, and nuich 
practicsl infonnaiion i^as elicited, both from the account of the injuries 
aa detailed by Mr. Gibbous, and from the veiy intercAting discussion which 
ensued, and in which many members joined. 

The Prksident brought before the Institution the subject of ** Doper 
Harbour t" and elwcidatcd his rt* mirks by reference to a plan prepared for 
the purpoie. He described the original state i>f the harbour, and theefl^ecla 
produced by the motion of a pebble heach along the coast, hy which, after 
a severe gale of wind, the uinuth of the hnrlmur was liaMn to he com- 
pletely blockaded. The President minutely d< toUcd the stale of the har- 
bour,, as he had observed it, when he made & viait of inspection bon^e years 
back, for the purpose of reporting to government thf> precautionary means 
wbich he might consider advisable to recommend, lie also d«siTihed the 
works at prefient in progress of execution, and the effects which he observed 
when visiting Dover this autumn as hnviug been produced on the coast, by 
the construction of the groynes and pier, which was in the course of building, 
to arrest the progress of the beach. 

2, ** On Branch Raitwoys" Uy Mr. Charlks Bourns, C.E. 

I hope the general importance of this subject will he deemed a sufficient 
apolcigy for its introduction to the notice of the Institution, it may be 
assumed aa self-evident, that the desire for investing money in railway spe- 
eolations has been over-wrought. It is manifest that this laudable desire has 
been crippled, and reduced to a state of cihaustinn by uudtie cxcitemeist. 
In fact, it is undeniable that vast sums of money have been injudiciously 
expended on railways. First of all, it is notorious that many lines of rail- 
way have been projected, and some of Ihcm partly constructed, which, pro- 
babty, will never pay even their working cxpenBeH. Then, in England, the 
competition between different companies has led to ruinous ex|*ense. We 
have ill beard of the ■* battle/* or more properly the war, *• of the Gauges;" 
which has cost the Great Western and the London and North- Western Com- 
panies such large snms of money. To such injurious stimulalion, and to the 
prodigal expense incurred tn the construction of branchcfi and extensions, to 
MMy nothing of duplicate lines, we may al tribute the present depression and 
stagnation, Let us, then, take warning by the crrois of others, and endea- 
Your to profit by their experience. We have to a greAt extent as yet escaped 
iiiott of these j the object of thia piper ii to point out a mode of avoiding 



one main one. It appears to me thbt a grand error hai been committed in 
having neglected the maintenance of a due proportion between main trunks 
and branches. In many cases, direct railway communication cannot be ac.. 
compliihed by main lines, and short branches on the same scale at the main 
lint^a would not be remunerative, and could not be advantageously worked; 
and no adequate means of overcoming these diffiirulties having yet been gene- 
rally adopted, coniiderable towns are still shut out from many of the advan- 
tages of the railway system. Fortunately, however, we do not require 
another George Stephenson to invent a system for us. We have bat to look 
back, and return to, and modify an old one, which in our speed we have 
almost forgotten- 1 allude to the working of railways by horse-power, 
which mode appears to me to be well adapted to meet the requirements of 
branch lines generally. 

A branch to connect a iovrn, or not unfreqnently two towns, with a main 
line, will seldom exceed twenty m ilea in length — ^frequently not more than tea 
miles. In auch cases the difference in time between horses and locomotives 
would not be important; and the means (that is the number of horses) 
could be adapted to the amount of traffic; whereas, »f locomotive power 
were employed, it would be necessary always to use the engine, although 
probably not more thnn one carriageful (any twenty or thirty piuengera> 
could ever be expected hy one train. Then the fire must be kept alight all 
day long. Appropriate carriages being constructed, one horse, on good gra- 
dients, could draw thirty or forty passengers at a rate of ten miles an hour; 
of course, where stilf gradients occurred, two or more horses should be em- 
ployed. 

But the expense of the construction of a line would be very considerably 
less for horse- power than for :»team ; because the speed and the weight of the 
trim being comparatively small it could nt any time be readily stopped ; so 
that public roads mij$ht he crossed on the level, thus saving Ibe heavy ei- 
pense of road- bridges, and their consequent heavy cuttings and embankmenci. 
The cuttings and fillings being thus made very light, and a single line only 
formed in ihc first instance, a hint might frequently be taken from the con- 
tractors' propensity for running into side-cuttings ; so that where the em- 
bankments were of any considerable length, they might be formed, principally 
of the stutf taken from the boundary ditches ; and this being all barrow, 
work, would be done at a cheap rate, and would afford much manual labour. 

As to the working of the traffic the power required to move one ton on a 
level, on a well-made railway, is estimated variously at from six to ten pounds ; 
we may fairly take it at U*3Z lb. or ^^th of the load. An average horse's 
tractive power is estimated at 150 lb,, at 2^ miles per hoar for eight boon 
a day. Then dividing onehorse power — ^viz., l.'iOlb. by the power required 
lo move one ton— viz., 9-i3 lb*, we find that one horse can draw sixteen tons, 
twenty miles in a day, on a level railway. But as gravity acu in direct pro* 
portion as the height of a plane is to its length, we find that in ascending a 
gradient of one in two hundred and forty, the power required is doubled; so 
that up that plane a^horse could draw only one-half of what he could do on 
a level. But on descending the same portion of the line he would have little 
more to do than to keep out of the way of the carriages. On descending a 
sharper gradient than one in two hundred and forty the horses might ride on 
trucks, as the vehicles would run dowu by the force of gravity. 

But it is nut necessary to occupy the time of the Institution with these 
details. It may be stated, however, that locomotives not being employed, 
the greatest weight to be provided for would be a goods wagon, travelling At 
about five miles an hour, so that a much lighter rail might be used than it 
required on a main line. I may observe, that I have made estimates, at full 
prices, for the works thnt would be required by the parliamentary sections 
of three widely different branch lines in this country. Fur two of these the 
amount falls shoit of 2,000/. per mile. In the other case, wlicre the works 
would unavoidably be heavy, it would not exceed 2,000 guineas per mile. 
But thiii amount does not include land or stations, or other contingenciej. 
However, as the land would be much kis injuriously severed than for main 
lines ; as locomotives would not be used; and all desired crossings might be 
given, rbcj amount of compensation fur land would be materially lessened. 
Another ibousand pounds, therefore, that is, 3,000/. per mile, may safely be 
stated as being amply autlieient money to make any branch line of railway 
in Ireland, including the payment for land and stations, and all ueceisary 
woiks. 



AGRICULTURE AND ENGINEERING,* 

Enoineeking is an enterprising calling'; and it had need be sa, 
for one great field of eniployment — railwHV work — has been very 
much narrowed, nrid ttthern nnist be found: until a return to com- 
moii-seHBP on the pnrt of the lawmakers, or a turn in the money 
market, again nllows the prosecution of pnbli** works At the time 
when the great rush wjis made into the engineering profession, and 
faculties and schools of engineering were set up, it was pointed 
out how wide ia the scope N*r the application of engineering know- 
ledge, besides the Bpeeial construction of public workw or jnachinen'. 
In our niines, our manufactorie«ij and the great operations of bus- 

* •'An EMAf on t!i« PrcMHt and Future FrMpetts of Farming." Hy WltUam Tborold, 
RL lant, CL. London: Bldgway, IHA», 




buidry, in these islands, and in our settlements abroad, it was well 
taid. there was room for many men of good traiiitng. This has 
been found to he so; and notwithstanding the stoppage of railway 
and other works, we believe there are now more engineers in per- 
manent emplovment than there were five years ago. 

Nevertheless the field is still untilled; for in our mines, in our 
rorksL and in tiie country districts, there are not fio mauy skilled 
nen employed as there ought to be. This must be set down 
.jiostly to two causes — the first, that young men start with the 
E^tio^ of beci»minj? resident euglneera, aagistoiit eiu^neers, or 
«nginecrs-in-chief, with very high pay; and next^ and following 
frotn the first, that all their time i^ given to railways or machinery; 
and without thinking of what is wanted to be a good mine captuiu, 
muMiBget of a factory, or country engineer. The truth is, we have 
too many of the silver-fork men. When there wa«i a good start 
uiven to engineering by the railways, papas and mammas thought 
there was an opening to put iu some of those idle young men who 
irant the luxuries of life with as little hard work as may be. Papa 
iras quite willing to give a thousand pounds premium toafirst-rate 
engineer, or to pay two hundred a-year at an engineering college, 
if his son were to get an appointment of five hundred or eight 

I hundred a-year. The class of peo})le who nut one son in the army, 
soother at the bar, send one to India, and buy a living for a fourth, 
thought a new land of promise was *»pened to them,— hut which 
Kas turned out a laud of disappointment to many. The end is, 
that all are looking after one walk of the profession, leaving seve- 
ral others less promising, hut more sure, quite unoccupied. If a 
young man will content himself to make, as in other professions, a 
«niall beginning, we believe that, with a little capital to help him, 
there is enough to be done. 
The alterations in the corn laws have served more than anything 
to show the Englisli the need of more scientific, and we may say 
more mechanic^, farming. This is now very fairly acknowledged 
but how is it to be done ? Not by the farmers, for they are the 

f worst taught, least teachable, and least knowing of the community. 
It can be done and will be done by the engineers, if the latter will 
t»C8ijr tliemfeelves. They have already got work under the Boards 
of Health and in the colonie:^ ; now they must strive to get work 
from the landowners. 

Mt. William Thorold is a member of the Institution of Civil 
Engineer®, hut he was brought up a*s a Norfolk farmer; and in this 
strait of free trade he comes forvvard to help his former brethren, 
hf showing them how much is to be done: and as the few leaves 
he has written are mostly of an engineering character, our readers 
will like to hear something of what he says. We will not trouble 
b them with Mr. Thorold's politics, and we will not g'we any of our 
^ <iwn; but to put our readers in mind how the industry of the 
country is neglected, and how the true end of government is lost 
light of, by the factions who hold the reins of power, we will 
^mply say that in these islands 

The labour of Five Millions of people is wasted, and heavy poor- 
rates paid, although the country might he provided with rail- 
roads, canads, harbours, docks, piers, breakwater^, bridges, 
drainage, churchef*, and schools, ajid with a good liouse for 
every man, rich or poor. 
MiUions of acres of improvable land are left waste, because 
those who would improve it are not allowed to do so. Hun- 
dreds of thousands of acres of rich land might he recovered 
from the sea and rivers, but the government gives every hin- 
drance.* 
Manure sufficient to grow food for Five Millions of people is 

yearly wasted. 
Speaking of the re-airangement of farms, Mr. Thorold says— 
It will tben be prncticabk to arranste tbe several farms in a mnre cuntigu- 
ous Aod comijact ntftnueTf and the buildings as liear at posiiible being In ibe 
centre of the occapalion, it witl probably turii out tbat «everal licldB caunot 
be brougbt into an occup^uina, being too far from tbe buildiagi. The3« can 
frequently be let off at a bigber rcut to tradefimtn and olhera, as aceommo- 
U.:tiaii Itadt; or converted into small farms and let to deserving teotnts, 
wbtf by perseverance in ^cll-doing, will ullimatel;r become competitors fur a 
brgeronc; or it ujay even appear more deiirable to <ake the oiitdaying 
fields from several adjoining occupaiiont ia make an Dddilional (ttrm. 

It cm hardly be expected that tbis syaiem can be carried to its fullest 
esleat without an act of parUaEtient being obtained to exchange lands by 
cooseut of Ibe parties in poiseaaion, regardless of the tenure and condittua 

** Tbe Woods mod Fore*U h*wt Ittsiy claimed Lbe land recovered by the Cork acid Pai- 
taff Ballmif to Cork Uarbour, but wtttuiut offering; to pay ihe expeaiA of iia reclame' 
ItoQ. It \m not lo loQj^ ai^o since they made the Curpoiatit^n of Llv<^rpoo] comi»outi(l witb 
ihtm for jtflOi),UOO, lor land retlnlmcd at Birkenhead.— The recovery of aO,00<> acre* of 
ItDd lo Morecajut>e Hay was prevented by the CroMn and Uuchy of Lancaster i-lelmlng it^ 
if recovered. 



under ^irliich lands may be then held. Nothing can be more easy than ttj 
take powers in that act to tecare all incumbrances, settlements, Ac, upon 
the cichanged land tbat existed upon the original. Powers alao might be 
token to borrow a limited sura of money (as has been already done by the 
Drainage Act) to carry out tbe exchange and improvements inherent 
thereon. 

In carrying oyt these irrangcmcnti, the landowner will do right to have 
farms of different sizes, according to the extent of his estate, in order, aa 
has been before hinted^ to keep up a wholesome emulation and materiali for 
competition, when necessary ; and it should be a principle universally acted 
upon, that upon any farm falling into the landowner's bands, the first offer 
of it should be given to the most deserving and suitable tenant, then in the 
occupancy of another farm upon the same estate. 

The next sacrifice in with regard to the timber and hedges upon the re- 
arranged farms, tt is an essential part of the new system of farming, that 
trees, excepting those around the homestead, and in tbe boundary and fences 
next public roads, should all be cleared off Ihe tatid ; and in like manner the 
hedges and ditches also, cx<?ept tl4ose forming the common out-fall drain of 
the district* The old ditches used as master drains upon wet aoilt, will, of 
course, have to remain as pipe drains of larger diameter. 

It is not intended to have permanent pastures, except in particular localt- 
ties, where it is obviously most profitabie from the advantage that can be 
obtained by the frequent apptication of liquid manure, so as to produce two 
or more crops of grass in tbe same season; in all other circumstances, it haa 
long been known that great injury baj been sustained by both landowner 
and tenant, in retaining old hide*bound upland pastures, and most kinds of 
meadow land — whereas by a constant succession of corn and green crops, 
raorc food for cattle can be produced with the addition of a crop of com 
every alternate year. 

In carrying out all these arrangements, the landowner and tenant must 
cordially co-operate, the first supplying the capital for all permanent im- 
provements, and the tenant paying interest apon the amount. Great care 
and judgment should be exercised in the execution, and they should be con- 
stantly under cedent superviiion, not from any want of good intentions, but 
to avoid the possibility of failure. Tbe author is sorry to say his impression 
goes to sbgw that tenants with matured judgment are the exception, and not 
the rule. 

It must also be a consideration in the first instance, whether the tenant, 
from his previous habits of business, not only can, but also will carry out, 
both the new arrangement of his farm, but likewise apply himself to the 
best modes of cultivation, and tbe application of manures to the growth of 
green and corn crops alternately, according to tbe beat examples, it is pre- 
sumed, be will see around him ; if there is no prospect of a tenant's fulfil- 
ing all these desiderata, there is no alternative but for him to leave the 
estate, for ** Why cumhereth be tbe ground .'"—Landowners having quite as 
ranch right in taking the means offered for their own defence, as a party 
would in defending an action at law. 

It ia aUo easentitil in carrying nut this system, as before stated, that the 
farm •bull dings should be as near the centre of the farm aa possible, wliicb, 
if it cannot be obtained by exchange, addition, or reduction, the buildings 
necessary for occupation should be removed or built anew* The old farm- 
house can remain as a residence, or be converted into cottages, as may be 
most convenient in the preliminary stage of proceeding, and as it wilt fre- 
quently happen that where cottages are wanted, it will be a question whether 
the old farm-houies that arc now on the outside of the farm, and conse- 
quently badly aiinated for tbe farmers' occupation, will not be in the most 
proper position for cottages ? It is also necessary that good hard roads 
should be made, so as to approach one side of every field in all weathers, and 
ai drift road made from the buildings to the moat frequented public road. 

Mr. Thorold proceeds to describe his plan for farm buildings: — 
It will be impossible in an essay of this kind, lo give general directions as 
to what buildings will be required, for in some instances, the old buildings 
may he made available to the new system, by means of internal alterations, 
ftnd in other ca!>es many buildings will bear the expense of rcmovsl i but by 
way of filling up a blank, the author has prepared a design for new farm- 
building!, which is appended herewith, and as an explanation of this design 
will tend in some degree to elucidate part of tbe new system, be will proceed 
with the description. 

The object of this design is to convert all the straw, hay, and green crops 
into manure, and to retain or prevent the loss of such manure after it is 
obtained, in the most effectual and economical manner; it is applicable to 
any sized farm, by merely increasing or diminishing the feeding and storing 
depiirtments ', but in all cases it should be limited lo farms not exceeding a 
convciiieTit length or breadth from the homestall, on account of the expense 
of road making and carriage. Steam power is intended lo be applied to 
thrashing, dressing, grinding, and bruising corn, steaming food, cutting hay 
and stiaw into chaff, pumping water and liquid manure, slicing turnips, 
breaking oil cake, sawing wood, raising manure from the house by an 
inclined plane, to load the carts instantly, and prevent the horses waiting for 
the same; artd probably for the purpose of exhausting fuul air from tbe 
feeding houses, to excite hunger in cattle, anrl thereby diminish the time of 
fatting. It is here necessary to inform our readers, that this last plan has been 
adopted in factories as a principle of ventilation, and tbe only objection to it 
has been, that it makes the work-people always hungry, the Tery thing of all 
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oUiert, beneficial in gnzitjg or fatting cattle. Proviiion should also he 
HiAde for reDd«rifig the feeding housG« perfectly dark for an hour or so after 
Aediog time, in order that the cattle may lake their rest. Cramming may 
tlitii be introduced into cattle feedtjigi aa Uaa long been practiaed with 
ortolAna, poultry, &c. 

For this purpose a portable i team -engine Is preferred (with fixed bam 
machinery, &c.) on aecount of ita being applicable to more than one act of 
buildings, which m\\ render it lets expcoiive, and alio more adapted to meet 
the poMible contingency of itcAm ploughing, atjJ being fent to the factory 
to be repaired^ thua avoiding the nuiiance of having mccLauici on their 
pfemiaeti or it can further Itt mpplied by a traTClIing or club engiiie. There 
is the corn barn open at each end, with a railway running tbrough it, upon 
which staekf arc to he built upon ataddle-framea running upon wheeU, 
inatead of sUoding as heretofore upnn fixed piers or pedettalt, and ai many 
fftaddlcs are to be provided aa the probable number of stacks. A stack is to 
be built on thc»e si addle- frames, upon any part of the railway, and can be 
run into the barn at night, and remain there under cover until \& thatched, 
which it ia obvious can be done either in wet or dry weather. Aa soon at it is 
thatched, it ia to be run through the barn, u sufficient distance out of the 
way. and another staddlc-frarae is to be brought empty from the cross line, 
and a stack built thereon as before. As soon as it is ascertained that the 
barn will contain the remainder of the crop, it can be filled in the usual 
way, and of course thia last must be thrashed out first; afterwards the sUcks 
on the ataddles can be introduced into the barn, and thrashed by alike pro- 
eaaa^ The length of railway will be limited by the locality and expense, but 
it must he of siiificieut length to admit of two or more kinds of corn being 
stationed on either side, so that any particular stack can be thrashed when 
wanted, by running all those before out of the way; as it is intended to have 
the raits perfectly level, but little power will be required to do this, llay 
atickft may also be stationed on close boarded staddlea at one end of the line, 
and can afterwards be brought into the bam when they are required to feed 
the bay cutter, being thus under cover during the time it would otherwise 
be partially expoaed to the weather. 



THE WATER MONOPOLY AND THE SANITARY 
MOVE>rENT. 

The subject of the wnter monopoly is now attractirwr so much 
attention as to induce the Time^ to devote to it its valuable co- 
lumn!^ and the following forms part of a series of excellent articles, 
evidently from a man of knowledge and ability : — 

In the year 1580 Peter Morrys, a Dutchman, came to the Lord Mayor of 
London, and declared himself the inventor of a plan for making the Thames 
ivater, by its own force, flow upward to the tops of the highest houses in 
the city. The supply of water being at that time excessively scanty, and the 
population rapidly augmenting, permtssion waa granted to this daring 
schemer to try hia experiment at Iris own risk. He stipulated for a lease of 
the first arch on the north side of old London-bridge^ which was granted to 
him for 500 years, at a nominal rent of lOjr. per annum, and he proceeded 
forthwith to erect his machinery, lie set to work with such vigour that, a 
few months afterwards, the inhabitants of that part of the town were asto- 
niahed one day to see a column of water rising into the air, and thrown 
completely over the steeple of St. Magnus Church, The lord mayor and 
aldermen came down to witness this experiment, the tike of which had 
never before been known in England. The pipes of elm wood laid along 
Thames-street, Fi&h-street-hill, and Gracechurcb-strcet, wiih their valves to 
prevent the reflux of the up-forced water, and their small leaden branchea 
ramifying to the houses on either side, cume in for a full share of admiration ; 
and it wonld be difficult to exaggerate the joy of the fortunate householders 
in that neighbourhood at finding the water, which they had been accustomed 
toilsomely to fetch from the %yall*brook hard by, or to draw up with bucket 
and windlass from welh, now gushing spontoneouily into their abodes, and 
let in or shut off as required, by the mere turning of a stopcock. We 
gather from ancient records of llVilliam the Conqueror's time, that the Loo- 
don water-sources of that period were, the Thames on the south, the subur- 
ban fouQtaius on the north, such at Clerk V well, Holy- well, Clement's* well, 
&c. ; and in the heart of the city several brooks and bourns which rose from 
those fountains and ran southward to the Thames — the %Vall-hrookj for in- 
stance, the Long-bourn, the Old-bourn, and the Rivulet of the Wells ; to which 
springs and streams the Londoners then resorted after the fashion of siruple 
Tillagen. with pail and pitcher for their snppliej. 

The artificial conduit iiystem appeals to have originated in London towards 
the middle of the 13th century. For, in 1235, when the encroachment of 
buildings and the heightening of the ground had spoiled or dried up these 
fountains and rivulets, causing a dearth of water, while the rapid growth of 
the population still further increased, we find the Lord Mayor and Common- 
alty^ at the request of King Henry IIL, engaged in bringing fresh supplies to 
the city from the town of Tyburn by ^ix-inch pipes of lead, and setting 
about the erection of a great stone ditern, lined with lead and handsomely 
castellated, for the public use, in Westcheap. Thia, the " Great Conduit,'' 
ai it was called, was the fir&t of its kind in London, and its tedious and ex- 
pensive constroction occupied 50 yean. The pipes from thia watercourae 



were aubsequently extended eaatwaid^ to aupply other elate ma which wen 
established succesaively in Fleet^strect, Aidermanbury, and at divers othtt 
points of the town. As the population outgrew these supplies, the ipriags 
of Highbury (1438), Paddington (1430), Hackney (1535), and HatDfifteid 
(15B9), were successively laid under contribution, and brought in earthen 
pipes, '* brick drains,'' or tubes of lead, to the several atandardaorcondurtt, 
at they were called, in Oldborne (Holborn), Eoldgate (Aldgate), Cripplegate, 
Biahopsgate, &c. 

Theae particulars give some idea of the solicitude felt from the rariiest 
times to secure a good water supply for the metropolis. And, if we picture 
the water- carriers, etooping at the riverside, clustered round the public tank, 
or bearing away on head or shoulder their replenished tankards — wide-bot' 
tomed, narrow-mouthed veisela, hooped like a pail, and fitted with a cork or 
bung— we shall have a tolerably complete notion of the ancient London 
water service. 

The conservancy customs of those early times are vividly plctiired by 
Maitland, who describes the mayor and aldermen riding forth on hortebadc, 
with their kdii^ following in wagons, to take their annual survey of the 
conduits ; after which they uaed to hunt the hare across the neigbboaring 
fields ; then dine with the chambertain ; after dinner go to hunting the fox ; 
and after *' great hallooing at hia death, and blowing of homes/' ride back 
through London to the Mansion>houae. 

The invention of the lift-pump (in 1425) might have been expected, b; 
facilitating the raising of water, to improve in some degree the aems-liBrl 
barous state of the city* But the pump shared the common £ate of uicflil 
inventions, always slow, — and efpecitUy slow in those day* — to win popokr 
acceptance ; andt moreover, the cost of setting up an engine, then reckoned 
so rare and intricate, operated as a further hindrance to its general iatro* 
duction. 

The suoceaa of hia first water-wheel, which raised 216 gallons of water 
per minute, induced Morrys to apply for a lease of the second arch of the 
bridge, i^hich was immediately granted by the corporation on the same pro- 
digal terms aa the first. Beneath thia arch Morrys proceeded to erect a 
MOOftd set of pumps and cisterns, with another water-wheel, by which 
means, 1584, he more than doubled hia first supply. Unr enterpriaiog Dateh- 
man, however, did not remain long without campetitora. Within ten years 
after Morrys aet up hia first wheel, one Bevis Bulmar erected a large horse 
engine at Broken Wharf, in the city, and raised water through leaden conduit* 
pipes for the supply of Cheapside, St. Paal's Churchyard, and the parti 
adjacent, ai far westward as Fleet-street. Animal power had previously been 
employed by the corporation to pump water to a standard on Dowgate-hill : 
but this made of pumping proved too costly to be compatible with moderate 
ratei, and Bulmar, like several similar b peculators on a smaller scale, was 
nltimateiy ousted by the powerful competitor who next appeared in the field. 
This was no other than the famous Sir Hugh Myddelton, a London gold* 
smith, who, having enriched himself by fortunate mining speculations in 
Wales, was emboldened by foregone success to adventure on novel haxarda. 
The project was, to cut a trench or watercourse large enough for the aupply 
of all London to any suitable spring that might be found within a circuit of 
20 or 30 miles round the city. 

The conception, grand as it was, did not exceed the grievous neoetsiUea of 
the time. For, the water supplied by Morrys from the Thames, beaidea 
being limited in quantity, was often exceedingly turbid and foul ; and the 
unspeakable squalor of the poor occasioned well- grounded apprehensions 
that the plague, in those d;iys a frequent sojourner in London, would renew 
its dreaded visitation. Moved by such considerations, the corporation had 
already, towards the end of Eti^abeth^s reign, obtained power from parlia* 
ment to cut a river for conveying water to the city from any part of Middle- 
sex or Hertfordahire. Thia done, they had rested on their oars, with true 
corporate prDcraatinalion, for six or seven years, — ^till, suddenly, in lfi(^, the 
plague broke out, and raged with such virulence that in one week it carried 
off upwards of 1,000 persons in the metropolis. Thus fearfully admonished, 
the corporation sent surveyors to examine where water might be procured ; 
and having, after much delay, fixed on the springs of Am well and Cbadwell 
in Hertfordshire, 20 miles north of London, as lufficientiy copious and pore 
for their purpose, they obtained in 1606*7 a nftw act, fluihoiiiing the convey- 
ance of these waters by an aqueduct to the city. Then followed two more 
years of vacillating delay ; and at length, in 1G09, their courage falling them 
after all, they made over to Myddelton, at his instance, their power to eon* 
struct the New River, together with any profit that might accrue from the 
enterpriie. 

Myddelton immediately set to work, and soon found that he had under- 
taken a very tough job* The undulations of the ground obliged our pro- 
jector, for the even difttributlon of the fall, to give liis channel a devious and 
meandering course, nearly doubling the crow flight estimation of its length, 
and the com^iuted cost of the work ; lo that by the time Myddelton had 
brought it to EnAeld^u&t about half-way to London^ his progreas waa 
stopped by exhaustion of funds. The corporatioD, to whom In his exigeocj 
Myddelton applied for assistance, met him with a direct refusal : and King 
James L, to whom he next applied, declined, with characteristic rapacitv, to 
afford him aid except on conditioa that a moiety of the concern should be 
made over to him for his exclusive profit and emolument. To these bard 
terms Myddelton perforce acceded ; and, resuming his operations with his 
wonted energy, finally completed the work in 1613, twelve months before the 
expiration of the term allotted by the corporation for Its achievement. 
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(OH the mott liberal aetle. the co&t of timber, letd, and bricVt, 

1 trooghi, the reiervoiri, Slc, and making ample allowance for 

9ft|*iici*«^ we shall tcarc^Iy arrive at a larger mm than 150,000/,'' aithe 

Ifthle loiAi expenditure op to Michaelmas Daf, 1613; — when the water 

Mowed into the New River head, 85 feet aboVe the mid tide level of the 

TiiAnies* 

iMvddelten was now overwhelmed witb laadations. He, howeTeTr bdn^ 
ft ibrewd. practical man, with a clear eye for the main chance, proceeded to 
retrieve hh ft^rtunc by dividing hit moiety of the concern into 36 shares, of 
mHd^ be ^ >Id about half, so as to replace, in part at least, bis adventured 
oipitftl. lie then, in conju notion with his new partners^ set about laying 
down woodcuipipcs through the town for the distribution of the water, 
which he shftjlly after began supplying to the inhabitants at an annual charge of 
about XL Ctf, 8^. per bou&e. As several thousands sterling per annum mast hare 
been thus received frotu the outset, and nothing was divided for 20 years, we 
iBtj suppose thai the excels of receipts, after paying cost of maintenance 
tod interest of loans, was applied in extending the pipes* In 1619 the 
ooaoern wsa incorporated by royal charter as the New River Company, with 
Mfddelton as its first governor. Myddelton^ however, w ho mistrusted the 
notoriout teliisbness and rapacity of his ruyal associate, contrived, with great 
lagftdtf , to exclude him from any share in the management. 

Per nearly a century the New River Company had the metropolitan water 
trade almost entirely to themselves. Morrys, indeed, continued to pump up 
and cell the feculent water of the Thames ; and two smnll works* one at 
Sfaadwell (1660), the other at York-btiildiogt, Villiers-street, Strand (1691), 
were also let up in the tame trade. But both these latter establishments 
were ultimately beaten by their stronger rivals; and the York-buildings 
Company, in particular, was broken up by the competition of the New River 
Coatpany, who, having ruined them, took pouession of their district, buying 
only such portions of the plant as suited their purpose, and leaving the rest, 
an uoeompentated loss, on the ousted company's hands. 

During the earlier part of their career the dividends of the water iradera 
were kept down by the frequent fracture and constant leakage of their pipes. 
Tfeete, being of wood, were of so small a bore that eight or nine collateral 
traiita were required where now one capacious main is laid. One-fourth of 
llie whole water supply leaked through them, converting the ground of 
London into an artificial tv^amp; and the discovery of one broken pipe 
would often involve 20/. or 30f. worth of digging and search. Nolwith- 
aiandiag tbese difficulties, however, we find the New River thareboldera 
nocaTLD;, in 1663, 15/. 3#. 3if. per share on 72 shares, on which probably 
0>y the foregoing estimate) from 1,500/. to 2,000/. each had been subscribed. 
?rom tbia time the profits increased rapidly; and Myddelton, Ending this 
Very shrewdly proposed to the needy aad prodigal Charles to buy back the 
ftbii^t which his royal predecessor bad acquired. King Charles willingly 
gave up his 36 sbarea for an annuity of 500/. a year; being probably between 
I and 1 per cent, on the capital which they represented. In 1680 each New 
Kiver share is stated to have produced a uet dividend of 145/. ; so that, on 
the re^acqoired Crown shares alone, the company at that (leriod must have 
netted a balance of 4,720/. per annum clear profit. An unlucky mischance 
hartog dettroyed the company'ii ancient records, we are left very much in 
tlia dark la to ther original outlay and gains. But the returns of their 
Btodero expenditure on pipes and machinery, if pared down to a reasonable 

■ falttation, show a total probable outlay of capital of from 500,000f. to 
750,000/,, at the utmost ; or from 7.000/' to 10,000/. for each of the shares 
which now nominally represent and sell for about double the mean of those 
two iiii&a» Even of this capital, a large proportion has, in reality, been 
contributed in the shape of excessive water-rates by the public. 

The public water-service was gradually let slip by the corporation of Lon- 
don during the 17th century; and, little by little, yielded up to chance and 
private speculation. Many of the conduits, for example, which were 
damaged or destroyed by the great fire in 1666, were left to their fate; the 
^K melted pipes remaining unrepaired, and the tank.houses in ruin or de- 
^■jnoliabed ; so that a writer of the time bewails the hard case of the poor 
^■tankard- bearers, whose trade the conflagration had destroyed, ^'making them 
^■like to perish by fire who were wont to live by water." In 1692 the Hump- 
^V atead waters, with the reservoirs wbich a century before had been huilt, at 
H, the pablic cost, for their reception, were given up by the corporation to some 
V private individuals who, having obtained a charter, foimed the germ of the 
presctit Hampstead ^Vater Company; and a few years later (1701), the cor- 
poration let out the " Marihonc'' water, and several other conduit waters, to 
one Soams, a speculative goldsmith, reserving only a proportion of the 
supply for the use of the prisons and compters. 

It was to the tame year that the family of Peter Morrys, after having 
atniggled on for nearly a century against the New River Company, was 
obliged at length to give up the contest; and it was to the above- mentioned 
Soams that they sold off their lease and plant for 38,000/. Soams seems to 
have made a good bargain ; for he resold the concern to a company for 
150,000/. in 300 shares. To this company, with are ckletsness now become 
habitual^ the corporation granted three more arches of the bridge, on leaaes, 
like the fofmcr, e^otvalent to perpetuity ; which leases the city waa obliged 




* A frat«reoiirt« of the dlmcftsloiu «/ the Nfw Bfver it, w« w tofDrmtd, it ililt mo. . 
mam to rovTK or extcutlon In BolUud, at » cborfc ot 2MM, per mlk i «t which ral^ { 
tilt cett of the New Rlvtr (90 miles long) would be only d7tfmi. 



to redeem at a heavy cost to the public, when it became necessary to poll 
down old London. bridge and to remove the water-wheels beneath it. 

A few years later, London having in the meanwhile rapidly extended west* 
ward, the Chelsea Company wa<( established (1723), to supply a large district 
which lay beyond the range of the New River Company's pipes. 

Soon afterwards the populous district sonth of the Thames — in itself a 
great city — attracted the notice of the water speculators. In 1758, the 
germ of the present Southwark Company was set up; and in 1785 a few 
private individuals commenced, on a very humble scale, the now powerful 
and lucrative concern known as the Lambeth Waterworks. 

These five compantei, three on the north of the Thames, and two on the 
south, possessed, until about the year 1805» the whole water trade of the 
metropolis.* Each enjoyed an effective, though not a legal, monopoly in its 
own district ; and of their profits some notion may be formed from the fact 
that the Lambeth Company, which started with a capital of only 5,920/., in 
32 shares of 185/. each, obtained water^rents of such amount as enabled 
them in 33 years to invest, out of profits, 130,000/. in the extension of their 
workf, brides paying dividends of 50 to 100 per cent, and upwards on Ibe 
subscribed capital, f 

To this palmy condition of the water companies the introduction of steam 
power into the water service had not a little contributed. This improvement, 
which we have adopted as marking the fourth epoch of our London water- 
history, dates from 1782, when the Chelsea Company substituted one of 
Boultoa and Watt's condeosin^ engines for the tidal wheel which bad pre- 
viously worked their pomps. Five years afterwards (1787) the New River 
Company, who had before employed, first a windmill, and then a horse- 
engiue, to impel the water through the upper levels of their district, also set 
up a stcsm-engine on Wall's condensing principle. Even the old London- 
bridge Company erected a steam-engine to aid their water*wlieels at low 
tides; and the three southern companies likewise found it their interest to 
adopt the same rapid and economical means of pumping4 

One invention involves another. The old wooden pipes, which required 
renewal every 14 or 15 years, and were always leaking at the jointAf soon 
proved inadequate to sustain the increased pressure of the higher level to 
which the water was raised by means of the new steam pumps, fleuce the 
gradual adoption about this period of iron pipes, which were laid down in 
place of tbe wooden ones as these latter successively wore out. In this 
metal mains of 3 feet diameter, it was found, could be easily cast ; and tbe 
rast columns of water thus conveyed took up less space under the roadway, 
caused less leakage, and required less frequent repairs, than half the stream 
conveyed tin he clumsy hollow trunks before employed. Iron pipes have 
their inconveniences, no doubt ; amongst which may be mentioned that they 
appear apter than wood to accumulate, in the form of adherent incrustations, 
the chalky deposit of the water ; so that in 20 years a 5-inch pipe has been 
found reduced to a 3-inch capacity; aud io 50 or 60 years it may probably 
become necessary to incur the cost of taking it up, in order to remove this 
obstruction. The tenacity of the newly.adopted material, however, being 
such as to withstand with ease a pressure of 300 feet of water, facilitated 
the introdnction of a third great improvement^ — viz., tbe high service. This 
fell in, happily enough, at tbe beginning of the present century, with the 
gradual introduction of closets requiring elevated cisterns for their supply. 
To the eompanies it proved highly advantageous, as affording them a pretext 
fur adding 50 per cent, to their rates, 

Iti 1805, however, an unexpected storm broke In upon their prosperous 
career. A water mania, like our recent railway manie, began at that period 
to spring up ; and on its sudden outbreak in IdlO the principle of competition, 
to which the legislature had all along looked for the protection of the public, 
was put upon iu trial. Two powerful companies, which had been several 
years occupied in obtaining their acta and setting up their machinery, now 
took the field : one, the West Middlesex, attacking the old munopoliats on 
their western flank ; the other, the East London, invading their territory 
from the opposite quarter. A the same time a band of dashing Manchester 
speculators started tbe Grand Junction Company with a flaming pro^pectui; 
and boldly flung Ifaeir pities into tbe very thick of the tangled network, 
which now spread io every direction beneath the pavement of the hotly coo- 
tested streets. 

These Grand iunctton men quite astonished the town by tbe mognificence 
of their prouiisea. *' Copious streams" of water derived, by the medium of 
the Grand Junction Canal, from the rivers Colne and Brent,^'^ always pare 
and fresh, because always coming in" — " high service, free of extra charge" 
— above all, ** uninfermitteni supply^ to that cuttometM may do mthov^t ck' 
temt;" — such were a few of the seductive allurements held oot by tbeae 
interlopers to tempt deserters from the enemy*s camp. 

* We pau ever u tmrgpificftnt three or four minor eitaMISIiiiiepta oo langrr In exlal.^ 
ence, Micli m the vmoll works ftt W««t. Hani, Sbadwell, llMherbUbr,B«nk- End, and 
U«£kney, W« ulso leave out of the Bccouut the Huaipilead Compuiy, which MUfiptlt» 
iprliiff \ialer from Hnmfilra^^hin to pait of Keiiiish aud Camikci lovvn*; the Kcol 
irorks, whicb aupplr wnlcf from ihc rirer RaTeiiiUourae to part of Deptford, Woolwich, 
GrMnwicb, mod Aotherhlthe -, Hnd tbe pMSdingloD springs, wblch hmloag to tiic Bl«hop 
of himdoa*M Mtale, aott suppl? tlie Inhabk^ta of ibe iiiiii)«dl*(e vicinity. 

t Tbe Iff regmte divldeodi rrcekrU by the Lnrobetb ihawhoJdrrs during !(! years end- 
ing Ittaa, Bmounted to fi6,4y0/., or eleven Uroei tht? omouiKl of th*lr original BabacrtpUon. 
Of Ihi-ie 16 yeart the 11 rarlSrat al«o form part of tbe m jt»n (endlnp^ IH'JS) dortofwbk^ 
the vail capllalliatlon dl tbe revenue mt- ntlimeil in the leal took place, 

t Tbe old Ateain-eo^inea of baverv fcud Newconien, ia which tbe cytlodcr Jtaelf waa 
cooled at each stroke of the iilatuu, had been tried to far back as the bcglaoLog of last 
century by ttte Vork-butldlDf* Coropaity. 
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Meinwhlld the Sooth LoDdon (or Vaukbull) Comptmy was ittrted (in 
1805) on ihe other tide of the nver^ with a view to wre&t from iti old rulers 
the watery dominiork of the South. The war wu not^ however, carried on 
in a very royal «ort; fori as the travelting niuuntetiank drive* sii-ift-band 
through a country town to entice the gaping proviiiciiiU to bis booths ao 
tbeae water jugglers went round the streets of London, throwing up ri\'ti\jei» 
d^eauT from their mainSt to prove the alleged superiority of their cngiuea, 
and to captivate the fancy of hesitating customers. 

The New River CompanVt thus put ypou its mettle, boldly took up the 
gauDtlet. It erected new forcing engineSf changed ita remaining wooden 
pipea for iron, more than doubled its consumption of coah, reduced its 
charges, augmented its supplies, issued a contemptuoui rejoinder to its ad- 
vcnariea, and, appealiug as an *'old servant" to the public for support, cn- 
gigcd in a war of extermination. 

For seven years the battle raged incessantly. The comhalanta sought 
(and openly avowed it), not tbeir own profit, but their rivals* ruin. Tenants 
were taken ou almost any terms. Plumbers were bribed to tout* like omnt* 
bus cadt, for Gustom. Such was the rage for mere numerical conquest, that 
a line of pipes would he often driven down a long street to serve one new 
customer al tbe end. Arrears remained uncollected, lest olfence should be 
given and iofluencc impuired. Capricious ti^nantt amused tliemsehea hy 
changing from one main to another, as they might taste this or that tap of 
beer. The more credulous citizens, relying on the good fatth of the '^public 
servant!*' (as these once powerful water-lords now humbly call therasehes), 
were simpletons enough, on the strength of their promises, to tbandan their 
wells, to tell off their force-pumps, and to erect waterclosets or baths on the 
upper stories of their houses. In many streets there were three lines of 
water-pipes laid down, involving triple leakage, triple interest on capital, 
triple administrative charges, triple pumping and storage costs, and a triple 
army of turncocks — ^the whole affording a less effective supply than would 
have resulted from a single well ordered service. In this desperate struggle 
vast sums of money were sunk. Tbe recently estahtishcd companies worked 
at a ruinous loss ; and such as kept up a sIjow of prosperity were tn fact, 
like the Bast London Company, paying dividends out of capitah The New 
Eiver Company^s dividends went down from 50Q/. to 2'6L per share per 
aunum. In the hordrr^line districts, where the fiercest convicts took place, 
the inhabitants sided V( ith one or other of the contending parties. Some 
noted with delight the humbled tone of the old arbitrary monopolists, and 
heartily backed the invaders. Same quiet old stagers stuck to the ancient 
companies, and to tbe faces of familiar turncocks. These paid ; but many 
shrewd fellows put off the obsequious collectors, and contrived to live water- 
rate free. Thus tbe honest, as usual, paid for the knaves; and tbe uHlmate 
hurden of all these aquandered resources fell (alao ts usual) on aociety at 

Such a state of things could not last ; and in 1817, the great water com- 
panies coalesced against the public; and coolly porlioned-out London 
between Iheiu. Ttieir treatment, on this occasion, of tlie leuanla so lately 
flattered and cajoled, will never be effaced from the public memory. Batches 
of customers were hooded over by uiie water cDmpany to another, not merely 
without their consent, but without even the civility of a notice. Old tenants 
of the New Hirer Company, v^ho had taken their water for years, und been 
their thick and thin supporters through the battle, found themselves ucigrate- 
fully turned over — without previous explanation — to drink the "puddle'' 
supplied by the Grand Junction Company. The abated rates were imme- 
diately raised, nut merely to the former amount, hut to charges from 2j to 
400 per cent, more than they had been before the competition. The lulemidy 
promised high service was suppressed, or made the pretext for a heavy eitra 
charge. Many people bad to regret "selling their force-pumps as old lead," 
or fixing watercloseta on tbeir upper floors on the faith of these treacherous 
contractors. Those who had fitted up their houses with pipes, in reliance on 
the guarantee of *' tminhrmittinff firettture** found themselves obliged, either 
to sacrifice the first outl&y, or to expend on cisterns and their appendages 
further sums, varying from 10/. or 20/. up to 50/., and even ia many cases, 
100/- When tenants, thus unhandsomely dealt by^ expressed their indigna- 
tion and demanded redress, they were **jiucoaely*' reminded by mulUng 
aecretariea, Ibat the competition was over, and thnt those who were dis- 
sati^hed with the compiiuies' supplies were quite at liberty to set up pumps 
of their own. 

Flesh and blood could not long endure iQch exasperatiog treatmenl* 
The murmurs of the public, after continuing to increase during three years, 
broke out at lai^t in a storm of iodignatiuu; and iu IS21 Ihe first of a series 
of parliamentary iovestigations look place. The committee of tbe Hou»e 
of Commons which conducted this inquiry, addressed thwmseliea chiefly 
to the financial brauch of tbe subject. They called for returns, examined 
cngioetira and secretaries, as well as aggrieved tenHute, and brought to 

ght inuumerable iustancea of injuatice. Amongst oiher uiampks of 

rhitrary conduct on the part of Ihese monopoliatjt, it came out that they 
would fri?queutly refuse water to a whole sheet of new huuBes ; di?cliiiing, 
wheu applied lo, to run a service-pjpe along il, even Ihougb their roniii 
passed ihe end of the street* And thus builders, in order to avoid having 
their booses oa hand teuantless, were constrained to lay down pipes at 
their own coal; atid (ben come humbly, cap iu hand, to tiie company, to 

beic a supply at the ordinary ratt^a, 
The inquiry ensued a "report (dated 1821) which deprecated the 

irrespoasibilily of these companiea, uud recommeuded a legislative reslric- 



tioa of their ratet. Acting on thia hint, Mr. Michael Aagelo Taylor 
brought iu his well known bill to restrict the water corapaoies from 
increasing their rates to more than 25 per cent, beyond the rates of 1810. 
This bill passed Ihe House of Cooimous* but was lost in a committee of 
the House of Lords by a majority of one. In the meantime the public 
attention had taken another direclion ; and the companies, fiodiog tht 
storm passed by, became bolder aad more arbitrary than ever. 

During thia period tbe memorable bubble-fevor of 1824-5 took place; 
and, aa on a mure recent occasion, tbe ^* earth had bobbles," so at that liine 
had also tbe water, — iu the i^hape of various brilliant scbemea for bringing 
rivers to London by mighty aqueducts, and stupendous tunnels. 

Suddenly, however, in 1827, a pamplilet appeared which threw Ihe 
whote town into a state of cooaternatiou. This pamplet, which was called 
the Dolphin^ originated, as its author df clared, in tbe deathbed repentance 
of one RobeoD, a director of the Grand Junction Compauy ; who, to oae 
his own expression, '^feared God would never forgive him'' for having 
beeo party to the wronging of 7,000 families by the false promise of good 
water, and the cruel service of poisonous GIth ; and who, aliortly before 
his death, to ease his conscience, divulged the enormities ia which be had 
taken part to Mr. Wright (the pamphleteer), with an earneat request that 
he would by every means in bis power seek legislative reparation of tbe 
fearful wrong inflicted ou Ihe ptiblic. This strangely originated documeot 
disclosed the secret abominaliotH of the water trade; especially dwelling 
on tbe fact, that the Grand Junction '^^ Dolphin" or auction pipe, lay 
eiaclly oppo^iite (he great HAnelagh sewer, aW only three yards fr^m it* 
mouih at tow tcaier! The tract was eagerly bought up, and caused an 
escitemeut so intense that etibscriptioos amounting lo upwards of 800/. 
were readily entered into for promotiog its circulation. A public toeetitig 
was convened under the auiipices of Sir F. Burdelt, and all elasset of 
society, from the highest peers of the realm down to the humblest shop- 
keepers, eagerly attended it. In the next session (1828) a scientiflc com* 
misj^ion was accordingly appointed to institute the requisite investigations. 

The facts elicited ia tho course of this inquiry were perfectly astounding. 
The New Hiver Company, which was the Brst examined, waa driven to 
admit that its priocipal reservoir had not been cleaned for lOd years ; and 
that, when at last ihe water was run off, eiffht feet qf mvd toere/oHod al 
the bottom I It appeared that tbeir pretended spring water was eked out 
by supplies, not merely from the river Lea, polluted by the sewage of 
Hertford, but also, to llie extent of 300,000 hogsheads and upwards 
annually, from the Thames, between tha mouths of the Fleet-ditch aud the 
great W til brook sewer. Ta crown all, it came uut that Myddieton'i a^/me' 
duct il»etf\mdf by the neglect of the cumpany for 2QQ years pust, dege- 
nerated JQ to a ** commou ditch,*' receiving the surface waters of the manured 
fields aud the sewage of Ihe populous villages through which it passed— an 
ahomiuation which, having become a ** vested interest," continues, we 
believe, to this day, iu spite of Ihe couipany's tardy and iueffectual 
remoostrance. It was further alleged that iu consequence of iheir exor- 
bitant charges for water, road -trustee a bad been driven to employ sewer- 
water for watering the streets 1 One witness stated that on heiug rerooo 
straied with for leaviug tbeir water-plugs uncovered, so that poo ies and 
doakiea put their legs iu the boles and were miiimed, tbe company's officers 
declined to abate Ihe nuLsance, declaring it ** cheaper to pay for tbe 
breaking of a donkey's leg now and then, than to incur the cost of putfing 
covers to tbe plugs/' 

Fmally, afier weighing all Ihe evidence, the commissioners ptoduced a 
very able report, recognizing the insalubrity of the existing supplier, aad 
tbe necessity of seeking purer sources. 

Iu accorduDce with thedc recommendatiotis, and iit the instance and cost 
of Sir F. Burdelt, the Lords of the Treasury shortlj afterwards directed 
Mr. Telford, the engineer, Iu survey the ^country round London, with a 
view lo discover the spriuga and streams most available for the supply of 
Lundou, and to report on the meaus of conveying their waters to the metrOi^ 
poha, These reaearches having been set on foot, the public excitement 
again died away; and another six years' lyll ensued. 

The damaging disclosures wbjcli had jesulled from the pdrtiumeutary 
inquiry of 1B28, and tbe strongly expressed disssatisfdctiun of ihc public, at 
length aroused the fears of the water compaaies; whu at this period appear 
lo have beeu seriously alarmed aa to the permaut^ttce of their mi&ased prj< 
vi leges. 

Accorditigly, in 1820, the Chelsea Company b^gan to send out CItered 
water; nnd iu tho following year the New River Company formed two 
fioltling resefvoirtf near Stoke Newiiigton, with a view to purify by subii- 
dence their draininfected stream. 

These improveraeuls, though their empirical adoptioo under the loflueace 
of tbe *♦ pressure from without" rellects sumll credit ou the water monopo- 
lists, were, nevertbdess, a very real and important step iu advance. They 
were regarded by their introducers (nod even by the piirliameutdry com- 
niissioners of 182B) as merely mecA^iRt'c^/ conlriv4nces for the removal of 
sediuieot; bml, when pruperly understood und practised, tbey are, as wai 
fiiiall hereafter have occa^iion to show, in a greut measure cAymicat pro- 
cesses ; liod tbe date of ttietr ndoptioo opens aa entirely new epoch of oar 
meli'iipolUwu water- history. This, ihc lifth, or cbyniical period, is still Ib 
its infancy; and, though our pr^seot business is rather to record than to 
Bug};est impruvcmtuis, we may perhwps venture, in detiuing the character! 
of this period, to indicale also tbe probable course of its fuiure develop- 
ment. In the meantime we are bound to record, lo the indelibla disgrace 
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«f flkt Loadoo water campaaies, Ihat fillrattoD, fo which Ibej had only 
pttltisllf retorted id or about the year 1820, was io full operatloo maoy 
jrmn pnf iously at Maochei^ter for ihe supply of pure water to the cottati 
mamifacltirers ; of nf bo«e filter*, in fact, thoie subsequently established an 
the baoks of the Thames were but imitations at seeond-haDd. 

The enaoiple thus set was followrd by screra] of the other ronrpatiies ; 
lbose« for in^taacef whose sources of vt Jiter %Tere the foulest and worst, begao 
to thiok of exteiidiog their suction pipes to le«^ objectjuDable quarters. Thus, 
tbe East, London Co mpaoy* which had previously pumped, at flood tide^ from 
ft point of the Lea so near its mouth, that (he wtiter obtained was in fHct the 
tnrbid toflnx of the Thames itself, now brought their water by a canal three 
nllts long from a place above the infiuenoe of the tide. The South Ltiudon* 
following the example of the Chelsea, began to filter their drain-polluted 
water Ihrough beds of gravel and sand; and several other companies 
■dopCcd, or discussed, similar partial measures or improveoient. As for 
tiM Grmiui Junction directors — ^who had, from the first, been distinguished 
far tiM splendour of their promises — they gave out that Ihey had in view a 
idMme of almost Romau grandeur* This dazzling proposal was to bring 
iIm water of the Colne to London by a canal twenty-five feet wide, with 
aercrml tuonels and colossal aqueducts (of which latter, one was to Imi as 
higlk and three limes as long as Blackfriars-bridge) aud to undertake, by 
tbil Oieaos, the supply of water to the whnle metropolis! This scheme was 
thm fevival of one originally proposed in 1710, during the Sooih>Sea<bQbble 
nmoia ; and which, after being three times reproduced in the last centuryi 
and three tiroes mure in the present, by a series of more or less visionary 
projectors, was adopted by the Grand Junction Company. The directors 
iDlfodttced their bill into parliament ; and were, of course, stopped by a 
mtolytton of the house lo await the result of Mr. Telford's survey. It need 
hajtUj be added that the project was subsequently abandoned. 

Suddenly, in the midst of these dilatory proceedings, the cholera morbus 
of 18S2 broke out, aod public attention in the metropolis was again drawn 
to Ibe defective state of the water supply. 

The Asiatic plague had not yet entirely subsided, when a new water com^ 
nittee was appointed to receive and consider Mr. Telford*s scheme, and to 
examine geoeraily the remedial branch of the question. As the two pre* 
TJoaa committees had reported respectively on the price, and on the quality 
of tlie water actnally sold in London, so the business of the present com* 

■ mittee^ wns to investigate the relative feasibility of the varions projects for 
improving, in both these respects, the future supply of the metropolis^ 
This commiUee produced no report; but ihc minutes of evidence takeu 
before ihem filled a large blue book, dated 16^4. 

It wonld be difficult to determine which of the various engineers exa- 
mined cut the Borriest tigure. Mr. Tetford*s ns^istant, Mr. Mills, charged 
bii employer with niching his ideas ; nod the illustrious constructor of the 
^ Henai-bridge seems ceriainly, on this occasion, to litive looked through his 
^ft colleague*s eyes somewhat more than be was willing to confen. 
^r The plan waa to form two aqueducts: one for the supply of London 
noftb of ihe Thames, the other for the service of the southern metropolitan 
dlslricls. The oorthern aqueduct, 10 miles long, was to bring water from 
the Venilam, near Watford, at the rale of 30 cubic feet per second (about 
doable the actual consumption of the northern districts}; the southern 
aqoedoct, 6 miles long, was to convey wuter from the Wandle, near Bed- 
dingtoa» at the rate of 13 cubic feet per secoiid^the actual consumption of 
tha metropolis south of the Thames being then about 5| cubic feet per 
second. The oorthern reservoir was to be on Primrose- hill, 1-16 feel above 
high wal«r in Ihe Thames; the southern one on ClR|ih[im>commou, at a 
level of t^O feetalx>ve high vrater mark. The cost, includin^^ compeoi»ation 
to luiUers, was lo be 766,005^ fur the northern, hud 301^^*5^ for the 
S9Ullieni works. These works were to be executed at the public cost by 
gOfmnieot, who were to raise the money by loan, and to deliver the 
WAltr IdIii tbe pipes of the several companies, charging thero iolerest on Ibe 
capital espeoded, and leaving to them its retail distribution through the 
town* 
Altogether the result uf this third inquiry was negative. The need of 
BflMnt was clearer than ever, but the means of eflecting it seemed 
ioiiably more doubtful than before. The cUshiug opiuious of the 
engineers showed an hoNV empirical a ba^iis our wuter system had 
k up ; and the bold pretensions of the chartered companies alForded n 
new proof how firmly corporate privileges, once coticeded, lake root ; and 

I how difllcalt it becomes, in tbe process of lime, to correct tbe evil coose- 
^oeaces of pa^t legislative errors, 
I One point, however, was very clearly made out^viz , that ootwith- 
•taiuling the inertial resistance thus opposed b^f some compauiea to the 
pablic demand for progress, uad Ibe narrowness of the concessions which 
#veo tbo most liberal of them reluctantly made, the collective metropoHlan 
water rents hud increased since the last return in 1S2I no less than 70,054^ 
js^year, an augmentation equivalent, at & per cent., to an e impend it tire In 
flsetl capital by the companies of 1,581,0001. sterling; whereas 3 00,000 £, 
only, or less than a firih uf the due proportion, bad actually been laid out 
oa extension of *^plaul'' within the same period. Nor was thi^ all. The 
atdded capital, thus virlually productng upwards of 2tj percetit. per annutn 
profit to the companies, lud been mainly provided by th<? applicaliion of 
• urplai revenues; or, in other words, hsd been extracted front the pockets 
*f( tbe public ; against whom, neverlhfless, this very oullay v^as now 
reckoned as a reason for niaiutatntng the monopoly rales. 729,885/. was 
tbe vast total of capitalised plunder coufesaed to, in lb34, by sir of ihe 




eight great companies,— the two otlien (the Souihwark and the New Hirer) 

setting down their pluodrr at aero. 

The West Middlesex Company, in like manner, relumed their "real 
capital embarked" as 668,045r— a purely nominal and flctiiious amoant, 
eked out by the monstrous charge of 163^7 12J. as the iolerest which their 
plant #Aoa/£f have produced, but did not, do ring the niinoos contest whiob 
they themselves set on foot. Wooden pipes, persisted iu after iron ones 
had been invented ; stone pipes, rashly adopted on insufHcient trial, and 
burst by the first infiui of the waler ; iron pipes screwed together in incon- 
ceivable defiance of the first principles of physics, so that Ibcy formed a 
solid rod, which, by its own contraction in the cold weather, tore itself 
asunder into fragmeots about 100 yards long— fragments which had to be 
patched together^ and in that bungled condition remain to this day, a 
hidden monument of engineering incapacity ; all tbesei and scores of equally 
costly errors, stand charged against tbe public as ** capital embarked," In 
what other trade is such a mode of compulation admitted ? Bui If, adopt- 
ing a truer standard, we compare their charges with Ibe real valoe of tbe 
service rendered, as shown by the payment for which it can be, and ii, 
profitably performed elsewhere, we shall find their rates something like 
iE,a00 per cent, beyond the fair market price of the accommodation. Thus^ 
at Tavistock, 4,000 inhabitants, residing in 650 houses, receive a constant 
and unlimited supply of water at an average charge of 2i. 5rf. per bouse per 
annum ; ibe average charge of the West Middlcset being 52t. lOil. per house 
per annum, the difference 2,2U0 per cent. And if 20O per cent, be thrown off 
to meet the objection that Tavistock is in respect of water service more 
favourably situated than London, and other such like pleas, there will still 
remain the monstrons eicesi of 2,000 per cent, as the measure of monopolist 
extortion ! 

No wonder that ihe public indignation remained unabated ; that new 
water schemes ubuunelcd ; and that Sir F. Burdett, wbo had already taken 
& prominent part in the free water agitation, should again, ia 1810, bring 
this question before a parliamentary committee — this time, however, of the 
HoQse of Lords. 

The Water^Cummittee of the Lords, in 1810, was specially charged to 
examine iheprftjccl of a Mr. Futeo, who enjoyed the patronage of Sir F. 
Burdelt, and who proposed to bring water for the supply of Lundoo from 
the springs in n valley at the foot of Ihe chalk hilts near Bushey, by an 
aqueduct 12} miles long, to a reservoir behind ibe Eyre Arnis*nt St. Joba's- 
wood. This scheme virtually raised the important question how far tht 
Artesian or deep-well syti^em is available as a meaus of aiipplyiog the 
metropolis with water t Their lorJships, however, separated without sel- 
tliiii; this or any other questiim, and without even making any report. 
But they prlnled the evidence taken before tbtm in an entertaining blue 
book. 

Bui the water companies, since their confederation ia 1818, and after 
weathering the storms of 1B28 and 1834, be^an to feel and exercise the 
independent powers of an imperium in imperio lo reply lo the request of 
tbe Lords for returns of their pumping costs, coai -consumption and the 
like, they one and all sent civilly-worded but firm and positive rtjmala of 
tbe required information. 

Having thus, for the third lime, passed through the ordeal of a parlia- 
mentary investigation without any legislative curlailmeut of ih*-lr privi- 
leges, the water companies, in 1840, bet;an again to regard their position 
as impregnable ; and from thai time to the present day they have accord- 
ingly conliiiued to draw from the metropolitan public revenues, constantly 
augmenting with tbe annual extension of Ibe town. 

In Ihe meantime, however, a new infiueuce, unobserved by them» had 
been slowly growing up, and silently gathering strength— an iuOuence 
which bids fair, at no distant period, lo overthrow their coiifeileraied 
strength, and to emancipate London from their henceforth intolerable mo- 
aopoly. This iuDuence was Ihe Santtary movernenl. 

In 1842, Mr. Chadwick condensed tbe information obtained as to the 
genenil heiittb uud condition of ibe people, in a report (the first on tbe 
Healtb of Towns; which created a profound sensation, and may be SAid 
to have given its first definite shape and powerful impulse to the rising 
sanitary party. Several thousand copies of this work wore eagerly 
bought, besides 8,000 or lO.OOt) which were distributed lo members of 
parliament and to Ibe union uflicfrs. Tbe horrible conseqnenceis of high- 
priced, scanty, and pottuted water-supplies, detailed and d^morutrated m 
this book, msde a powerful imt»ressioo on tbe public mind; and struck a 
deep though noiseless blow at Ibe root of tbe metropolitan inouopoly. 

In 1843 Ibis succes^i^rul stroke was followed by another frota tlie same 
hand, in the gbape of a suppleEneutal report on lotramural Sepulture — a 
worli which extended and cuforced Ihe views of Mr. Walker on this sub- 
ject ; and which, amongst other tilings,, proved tbe horrible pollution of 
Ibe urbrtn laodspnugs by ibe percolation of graveyard sanies. 

These diaclusuief, though apparently tending to streogiheoithe water 
traders by discouriiging reltance on ihe pump as a means o escaping 
their exorbitant charges, produced, in fact, a precisely opposite effect, — 
increasing the public abhorrence of the water monopoly by making its 
absolute and oppressive nature more undeniable. 

In 184 1 Sir Robert Feel (who bad taken ofBce three years previously), 
perceivmg Ihe strong current of public opinion Ihat had set in towards 
SHUttary reform, and fully recognising its importance himself, appointed a 
commission to inquire into Ibe means and appliances, mechanical and 
ad m in istrattve, proper for carrying into elFect ibe sanitary principles (but 
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had been enonciated, especially in respect to the drainage, paving, cleans- 
ing, and water supply of towos. J j.u . , A 
In 1S45 the Health of Towns Commissioners produced their report and 
minutes of evidence on these questions— certainly one of the ablest and 
most comprehensive sUte papers that has ever issued from a government 

Two years afterwards— in 184T— the government of Lord John Russell 
(who bad in the meantime succeeded to office) appointed a commission to 
report on the means of carrying these principles into effect in the metro- 
polis. This, the Metropolitan Sanitary Commission, which is still open, 
produced in the same year another admirable report. 

In the following year— 1848— the gloomy tidings reached ns that the 
Asiatic cholera was rapidly travelling westward, and might be expected 
shortly to reach our shores. To meet this emergency, the sanitary party, 
ably represented on this occasion by Lord Morpeth (now Lord Carlisle), 
introduced and carried through, in spite of strong opposition from interested 
parties, the Public Health Act. 

The prominent tendency of the new health act is to bring about, in every 
town of the kingdom, an economical consclidation, under one re:>ponsible 
public management, of those various services— drainage, paving, water 
supply, &c., on whose harmonious co-adaptation, hitherto unattainable, the 
sanitary v^ellbeing of the urban population depends. 

The water companies, indeed, found means to procure the insertion of a 
special clause to protect their monopoly from the adverse operation of this 
act, by threatening its promoters, in the event of refusal, wiih a degree of 
opposition and delay, which, with a plague impending, it was in the 
'highest degree important to avoid. The excepting clause, however, btands 
in such palpable contradiction to the general tenor of the act, that common 
sense cries out against its maintenance ; and the discreditable tactics that 
procured its insertion, will, we have no doubt, by a just reaction, tend lo 
hasten its inevitable repeal. 

Scarcely had the sanitary idea thus acquired force of law, when the fierce 
outburst of pestilence through which we have just passed gave terrible proof 
of its necessity. At the eleventh hour, and after a stubborn resistance on 
the part of several local boards, the house-to-house inspection took place, 
and led to those dreadful disclosures which are still fresh in the public 
memory. Day after day men read with indignation and dismay of poor 
plague-stricken wretches crowded by scores round dribbling slandcocks, 
and literally ^* fighting for water" Instances still more horrible were re- 
ported by hundreds of squalid lanes and courts from which the monopolists 
had entirely withheld suppliet qf water : passing them l»y to lay their triple 
and quadruple rows of competing pipes in richer neighbourhoods promising 
more lucrative returns. The insj>ector8' reports, indeed, teemed with the 
complaints of destitute wretches, thus driven by joint-stock avarice to 
pomp up and drink the waters of drain-infected wells ; — of others, if 
possible, worse off, who had not even a pump to resort to, but begged their 
daily jugful from door to door; — and of a third set, most miserable of all, 
whom this last shift of penury had failed, so to use the official declaration 
of the city medical officer, they ** actually lacked water for the ordinary 
purposes of ablution!*' 



I.Z8T OF NBIV PATSMTS. 

CaANTID IN ENGLAND FROM NVOBMBKR 22, TO DbCBMBBR 21, 1849. 

SI* Months allowed for Enrolment^ unlen otherwise expreued. 

WillUm Garnett Taylor, of Btnton.boute Hall» Weitmoreland, gentleman, for im- 
provenienU in lint, and in linting machlnci.- Sealed Norember 24. lH4y. 

George Callairay, of Putney, Surrey, aUtlon agent, and llobert Alee Pinkoi, of the tame 
place, engineer, for certain improvemenU In propelling abips and other reaielfl ; alao in 
apparatus for ploughing land.— Novem tier 24. 

Charles Cowper, of houtbampton-bulldlngs, Cbancery-lano. for cerUin improvements 
in piling, faggoting, and forging iron for plates, bars, sliafts, axles, tyres, cannons, an. 
cbors, and olber similar purposes.— Noirembe4 24. 

Joseph Barrans, of St. Paul's, Deptford, Kent, engineer, for improvrmenta in azlet 
and axla boxasof locomotive engines and otbcr railway carriages.— November 24. 

Ambroise Ador, of Paris, France, engineer, for impruvcmeuU in producing light.— No- 
vember24. 

Henry Lamplovgh, of Snow. hill, London, coniulUcg chemist, for a new mode of sup. 
plying pure water to cities and towns.— November 24. 

James Gaorge Hewey and James Newman, of Birmingham, for improvements in the 
manufacture of buttons, studs, and other dress fastenings and ornaments.— November 28. 
Francis Tongue RufTord, of Prescot House, Worcester, fire-brick manufacturer, Isaac 
If arson, of Cradiey, Worcester, and Jobn Finch, of Pickard- street. City-road, Middlesex, 
manufacturer, for Improvements in the manuCuture of baths and wash-tubs, or wash 
vessels —November '28. 

Frank Clarke Hills, of Deptford, Kent, manufaeturing chemist, for an Improved mode 
of compressing peat for making fhei or gaa; and of manufacturing gaa; and of obtaining 
cerUin snbatances applicable to purifying the aame.— November 28. 

Charles Barlow, of Chancery lane, London, gentleman, forlroprovementa In the manu- 
facture of a certain pigment. (A communication.)— November 2U. 

I^uis Napoleon Le Graa, of Paris, France, civil engineer, for improvements in the 
separation and disinfection of foMal motters, in the manufacture of manure« and in the 
apparatus employed tlierein.— November bti. 

WalUr Crum, of Tboruliebank, Renfrew, Scotland, for certain Improvementa in the 
finishing of weven fabi ica.— Deceml>er 9. 

Conrad Montgomery, of the Army and Navy Club, St. James** square, Middlesex, esq. 
for Improvements In brewing, distilling, and rectifying.- December 3. 

William Eccles, the elder, William Ecdss, the yoijnger, and Henry Eccles, of Black- 
burn, Lancaster, cotton spinners, for certain Improvements in machinery or apparatus 
for preparing, spinning and weaving cotton and other fibiout snbttancet.— December 3. 
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Joseph Paradis, of Lyons, France, merchant for improvemanta In the manaCKtart of 
elastic mattresses, cushions, and paddings, parta of which improvementa are appUeablc 
to other purpc^ws, where sudden or continuous pressure la required to be lUMdnad or 
transmitted. (A communication.}— December A. 

George Buchanan, of Edlnbnr({h, civil engineer, for Improvementa in cocks, vnlveoy or 
atoppers ; and in the use of flexible substances for regulating or stopping the paaoafc of 
fluids ; and also in making joints of tubes and pipes, or other vessels. — December 3. 

Baron James Ulric Vaucher de Strubing, of MargareUatreet, Cavendlah-aqvarc, Mid. 
dlescx, for Improvementa in the manufacture of axletree boxea for carriages, and of the 
bearings of the axles of railways ; and in the making of an alloy of metal saitable ftar 
auch and like purposes.— December .M. 

Gcorgv Edmund Donistborpe, of Leeds, Yorkshire, manufacturer, for hnprovcmecla ta 
wheels of locomotive carriages,— December 3. 

Pcttrr Faiibairu, of Leeds, Voikshire, machinist, and John Hetberington, of Ifaoches- 
ter, for certain improvements in machinery for preparing and spinning cotton, flax, aod 
other fibrous substances.— December S. 

Samuel Fisher, of Birmingham, engineer, fsr improvementa in railway csrrlagei , 
axles, buffer and draw springs, and hinges for railway carriage and other doors.-^I 
berS 

Edward Carter, of Merton Abl)ey, Surrey, machinist, for improvements in mintlof 
calico and other fabrics.— December 5. 

Jonah Daviea and George Davies, of the Albion Iron Foundry, Tipton, StaffordaUn^ 
engineers and iron founders, for improvements in engines worked by steam, air, WBtcr» 
and other fluids, and whether locomotive, marine, or stationary; and also in boHers, the 
principle of which improvements is likewise applicable to blowing air and pampliif water 
— Dvcember lU. 

Jean Baptistie Ecarnot, of France, for improvements in the manufacture of solpluiricw 
suluburous, acetic, and oxalic adds, and nltratea.— December 10. 

David Christie, of St. John's ploce, Broughton, Salford, Lancaster, mcrehaat, for im- 
provements in machinery for preparing, assorting, straightening, tearing. 
doubling, twisting, braiding, and weaving, cotton, wool, and other iwrona i 
communication.)— December 10. 

John Houghton Christie, of Craven-street, Strand, Esq., for an Improved < 
of wronght-iron wheels, and machinery for effecting the laase. (A commonlcstion.)* 
December 10. 

Thomas Grimsley, of Oxford, sculptor, for Improvementa la the mannfkcture of bricks 
and tiles.— December 10. 

The Baron Louia Lo Presti, of Paris, in France, for Improvementa in bydranlie nrnisci, 
which are, in whole or in part, applicable to pumpa and other Uke macfaipea. Decern- 
ber 10. 

William Holt, of Preston-place, Bradford, organ builder, for certain improvements la 
the construction of palleta or valves of organ sound-boards or wind charta, the same beiac 
applicable to seraphlnea, eolophous, harmonlcuma, harmoniums, and all other muil^ 
inatrumeuts, in which the tone la produced by the admlaalon of wind, soppUed br bcUows 
or other macliinery, to pipes, reeds, or springs, and ulayed upon by a key-board, or ki^- 
boards, and also to varioua other purposes connected with all the above-named mnaicml 
inatruments.— December 10. 

John Henry Jenkinson, of Salford, Lancaster, machioe-malcer, and Tliomss Pritstly, 
of hhutUewortb, Lancaaler, manager, for certain improvemanta In machinery or ^ 
tus to be used for preparing, spinning, and doubling cotton, wool, fiax, silk, aud i 
fibrous materials.— December 12. 

William Birkmyre, of Fulhecb Cottage, Hampstesd, cliemlst, for improvementa In thft 
manufacture and refining of sugar.— D^em ber 12. 

Robert Harcourt, of Birmingham, manufacturer, for certain Improramoits in knobn» 
handles, and fastenings for doors and drawers ; and In fastenings to be used in flsati ' 
window sashes, curtain and other rods, and for other like purposes.— December H. 

Jamea Oldknow, of Lille, France, lace-manufacturer, for improvessents in the maanao- 
ture of lace and other fabrics.— December 15. 

Henry Roberts, of Connaught aquare, Hyde-park, Middlesex, gentleman, fbr improve- 
menta in the manufacture of brides and tilea.— December 15. 

George Wythes, of Reigate, Surrey, contractor for public worlta, fbr improvements in 
apparatua for receiving and retaining the rails of railwaya.— December 15. 
'Alfred Dalton, of West Bromwich, Staffordshire, Ironfounder, for improvements in re- 
verberatory and other furnaces. 

Charlea Cowper, of Southamptoo-buUdinga, Chancery-lane, for improveoMnta in lo- 
atrumenta for measuring, indicating, and regulating the preasore of air, atcem, and other 
fluids, and In inatruments lor measuring, indicating, and regulating the tempenUore of 
the aame, and In instruments for obtaining motive power from the same. (A commnnl- 
catlon.)— December 15. 

Charlea Usara, of Paria France, engineer, for improvements In gM meters. (A com- 
munlcation.}- December lo. 

'1 homaa Rock SImte. of Watford, Hertfordshire, silk throwster, for improvements in 
spinning, doubling, and throwing orgausine silk.— December 16. 

Timothy Hackworth, and John Wesley Hackworth, of the Soho Works, Shilden, Dnr- 
ham, engineers, for improvement^ in locomotive and other engines.— December 15. 

Benjamin Fawcett, of Old Jewry, in the city of London, builder, for improvements in 
pisments, paints, aud vehicles fur painting.— December 15. 

Isaac Lewis Puiverroacher, of Vienna, engineer, for improvemenU in gahranle baUetlcs, 
In electric telegraphs, and in electro-magnetic and magneto-electro machtnn.— Decem- 
ber 15. 

Richard Hobson, of Leeds, doctor of medicine, for certain Improvements in the mamu 
fscture of horse-shoes, and in apparatus for taking the measurement of luMse-fliocs or 
horse's hoofs. — December 16. 

Edtvard Lyon Berthon, of I^reham, Southampton, clerk. Master of Arts, for certidn 
Improvements for ascertaining and indicating the course or way, vdodty, trim, sad 
draught of ships, and the rate of currents; also for discharging water fhnnahlps; and 
for taking altitudea aud levela at sea and on land.— December 19. 

Jamea Smith, of Deanston, Perth, now residing in Glasgow, for certain improvements 
in treating the fleeces of sheep when on the animals.- December 19. 

William Ackroyd, of Birkenshaw Mills, near Leeds, Yorkshire, finr improvements In 
dressing and cleaning worsted, and worsted mixed with cotton and other fabrics, after 
they bare been woven. (A communication.)— December 19. 

Warren De la Rue, of Bunbiil-row, Middleaex, manufacturer, for improvements in the 
manufacture of envelopes.— December, 19. 

Frederick Hale Thomson, of Berners-street, Oxford- street, and Edward Varnish, of 
Kensington, Middlesex, for improvements in the manufacture of ink-atands, mostanl- 
pota, and oiber vessels of glas a.- December 19. 

Hemiy Fox Talbot, of Lacock Abbey, WilUhlre, eaquire, and Thomaa Aogvstlne 
Malone, of Regeut-atreet, Middlesex, photographer, for improvementa in photognqihy.— 
December 19. 

Joseph Whitworth, of Manchester, engineer, for certain improvements in machlnerv or 
apparatus for cutting metals, and also Improvements in machinery or epparatiu applica- 
ble to agricultural or sanitary purposes.— December 19. 

Frederick George Spray, and George Wevell, of Hampatead-road, engineers, for an im- 
proved steam-engine; parts of the arrangements of which may be applied to araarataa 
for regtilatlng, measuring, and registering the flow of liquids and gases.- December 21. 
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LECTURES ON A R C H I T E C T U RE p 

By SAifuEL Cleqo, Juk., Esq, 

huiurt I L Pbof 101 a , — A ss yei a . — Peasj a .*— Iin>t ji . 

{With an Engramng, Plate III,) 

is the EjGf^'ptUn bas-reliefs we constantly meet with bHttle-piecea^ 
where the enemy against whom the Egyptians are fi^htin^ are 
rt' presented as on an equality with themMelveft^ as regards civilisar- 
tinn aiid the art of war. The^ are the Hycaoa, the mhabitantdof 
Ludin^ name^ of frequent occurrence on the Egyptian monuments; 
the former tran»Iated by Signor RoseLlini as ^^ strangers and wan- 
derers^" and the latter denoting the west and ftouth of Asia. We 
h»xe »een that these Hyc^os were sufliciently powerful to overcome 
the Egyptians, and to keep possession of their country for upwards 
of a century. The principal nations included in Ludin must have 
1>eeD Phxenicia and Aasyria; the former of which touched upon the 
Egyptian frontier at Pelusium. 

We are told that the Phceniciana were an induttrious people; 
the invention of l<3tter« is by some writers ascribed to them; and 
in commerce and navigation they far excelled the Egyptians, who, 
Uke the Indians, hftd a supenstitioua awe of the sea, and all who 
ventured thereon. 

The Phoenician manufacturers were so celebrated in ancient 
timesi, that to whatever was elegant and tasteful in wearing 
apparel or dome>rtio utensil, the epithet Sidonian was alv¥'ays 
applies!. The most ancient author amongst the Gentiles, of whose 
writings any fragments have been handed down to us, was a Ph(^- 
nician, by name Sanchoniatho. He i-laims for his native country 
the hijfh honour of having given birth to our first parents; and, 
like all the old historians who were nut particular in i^eparating 
tradition from fact, evidently places implicit faith in the circum^ 
stjincejs he relates. After enumerating se\eral generations, San- 
choniatho says: "Then flypsuranius inhabited Tyre; and he 
invented the making of huts af reeds and rushes, and of the 
papyTUK." Then follow three more genemtions^ after which he 
(^nUrjues: ""^Of these were begotten two bruthers, who discovered 
iroii and the forging thereof. One of these, called Cbrysor, who 
i* the tame with Hephcestus, exercised himself in words, and 
charmSjand divinations; and he invented the hook, bait, and fish- 
ing liue« and boats slightly built; and he was the first of all men 
tliat saded; wherefore be was worshipped after his death as a god, 
uid called Diamlc hi us.** And it is said his brother invented the 

*iif <jf making walls of brick Afterwards, from this generation 

were born two youths, one of whom was eaUed Technites, the 
other Gelnus Autochthon. These discovered the method of min- 
gliijg Htubble with the loam of bricks, and of drying them in the 
^^i and fiMUid out tiling," In the next generation, we are told, 
Urtii and fences for houses were invented, and caves or cellars, 
tn fallow many other ^renerutiiius, and in their course the origin 
w iilmu«t all the useful arts is referred to the Phcsnicians, 

fVorn the scanty informiition we pO!«se.ss relative to the architec- 
ture of the Phcenicians, we might be led to conclude that this 
^^•tling, trading, manufacturing people had not paid as much 
^Itentiun to the arts of architecture and sculpture fks their more 
^rioui and learned neighbours, the £g}'pLians, But we are told 
'« one place that the Tyrians were *'the first to have advanced the 
'^^eiice of architecture to any degree of perfection with regard to 
prii|Mirtion, design, and variety of ornament;" and again, that 
jilimn^ the Phcenicians not only the Doric order was known, 
^^t also a kind of rude Ionic, though with a different entabla- 
J'tr^ Is it not probable that in the grotto of Beni- Hassan 
(t«*G *i,,rr .V .r,rr 'm LcctuTe i., Egjfpt^ p. B), we have a specimen 
^* I ! architecture? The?^e polygoniJ columns differ ro 

***'<!, t i»e native Egyptian (those in the form of a bundle 

^* revds), ^n6. though the form is again repeated in a ^cond 
^otli» lit Ueni'IlassiiU^ and at Kalapsche, there is no reason why 
ttt|fymHV not have been equally imitations. The columns of the 
pnncijirtl grotto at Beni^HHSSjfcn are pure, primitive Doric^ and the 
•^J^itel on the architrave hsis been found (as far as I have been 
jWe to ascertain) nowhere else in Egypt. We have no meaiiii of 
jnonfiHi^ in what style the more ancient buildings of This and 
'"**ti»jtlas may have been constructed; hut hjs the sacred sircfiitec- 
^^^v WJI4 nnder the contnd of the priests, and aja the mot>t ancient 
^'ui always held in tl^e highest veneration, we have no reason to 
I ^up|jo»(* that it differed from that of Karnac and Luxor, where no 
I ^<^ige uf Doric appears, though the former temple watt commenced 

* Tbe ontes " Hrphix*im*' cHE.'cun in tt)« titt llAOethv gttre* of kingt In Egppt. 
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about the same time as the grotto of Beni-HasBan (1600 B.C.) We 
learn from the inscription that Nahride Nevothph was a general — 
iis it not probable that in some incursion into Phoenicia, he had seen 
and been struck with the Doric architecture, and had imitated it in 
his tomb? which, no doubt, for so eminent a man, had been prepared 
during his lifetime. It is strange that of a country so flourishing^ 
and from which such numerous coloniet were sent out, we should 
have no more exact iiiformHtion: even of its greatest daughter, 
Carthage, once the proud rival of Rome, there is now scarcely one 
stone left upon another, to tell what has been. 

In the aacred writings we have an account of Hiram, king of 
Tyre, exchanging gifts with King Solomon: it seem« they were 
both great builders. We find these monarchs mentioned, also, in 
a fragment of ^Diua' fTyrian annals); but there, instead of being 
instructed in the style of King Hiram's building, we find those 
great potentates amusing themselves with setting each other rid- 
dles, and (ilayiag at forfeits. The anecdote runs thus: ^'^Upon the 
death of Abibalus^ his son, Hiromus (or Hiram), succeeded to the 
kingdom. He raised the eastern parts of the city, and enlarged 
it; and joined to it the temple of Jupiter Olyrapius, which stood 
before on an island, by filling up the intermediate space; and he 
adorned that temple with donations of gold* And he went up into 
Libanus (Lebanon), to cut timber for the construction of the 

temples And it is said that Sidomon, king of Jerusalem, sent 

euigmas to Hiromus, and desired others in return, with a proposal 
tliat whichsoever of the two was unable to solve them, should for- 
feit money to the other* Hiromus agreed to the proposal, but was 

unable to solve the enigmas, and paid a large sum as forfeit 

And it is said that one Abdemonus, a Tyrian, solved the enigmas, 
and proposed others which S^ilomon was not able to unriddle, for 
which he repaid the fine to Hiromus," It is worthy of remark, 
that mention is here made of a temple of Jupiter Olympius, in 
Tyre, about 1012 b,o«; the first authentic record of any temple 
erected in Greece being some centuries later. The inhabitants of 
ji^gina, indeed, claim i^acus, son of Jupiter, as the founder of 
their temple of Jupiter Panhelleniu^; but it is needless to observe 
that such legends are worthy of little credit. 

We now proceeed eastward to Assyria, whose sovereigns styled 
themselves 'Vki ng of kings," as an assertion of their power and 
greatness. Until the present day, the Assyrians were even more 
enveloped in mystery than the Phosnician^s; but by the talents and 
energies of Mr* Layard much has been revealed to us. All honour 
to him, and Hut'h as he is! There is a child's story, where a magi- 
cian, by waving a wand before a mirror, brings over its magic 
surface the images of people and things belonging to long past 
ages, — nor is the story altogether a fable: it is our historians and 
antiquarians who are the true necromancera, bringing to our view 
scenes and even the likenesues of those whose very existence had 
uassed into the twilight of legendary times. We need not leave 
London to see Nimrocl, ''the mighty hunter," face to face; and to 
make ourselves as familiar with the eunuchs and ministers of the 
Assyrian courts as Holbein has made us with Henry V^IIl. and 
Cardinal Wolsey. 

According to an ancient tradition, a civilised people possesf^ed 
the country when Xiniis fuuiided the Assyrian empire; and having 
c^ntiue red this people, he attempted to Jestroy their works. We 
have no certain date of the reign of Ninus, but there is no reason 
to suppose the Assyrian empire less ancient than the Egyptian. 
Berossus, the Chaldean historian, a priest of Belus, who wrote 
in the time of Alexander the Great, describes Babylonia as 
a country which lay between the Tigris and Euphrates: "It 

ahouniled with wheat and barley There were also palm trees 

and apples and most kinds of fruits; fish, too, and birds At 

Babylon there wiis (in these times) a great resort of people of 
various nations, wht» inhabited Chaldea, and lived withotit rule 
and order, like the beastsi of the fields," He then goes on to de- 
scribe how an auim^iU part man and part fish, came up from the 
Erythrajuni sea, which bordered upon Bnby Ionia, and *Haught 
them to construct houses, tu found temples, to cfjmpile laws, txmX 
explained to them the principles of geometrical knowledge; he 
made them distinguish the seeds of the earth, and showed them 
how to collect fruits: in short, he instructed them In everything 
which could tend to soften manners, and humanise mankind/ 

The ruins of Babylon and Nineveh now present to the eye of the 
traveller, only vast mounds of earth; nor were there many more 
striking reninios of the latter great city when Xenophon passed by 
with his ^*ten tlitm.^iiud,"* twenty -two centuries ago. To quote from 
Mr. Layard: "The graceful column, rising above the thick foliatje 
of the myrtle, ilex, and oleander; the gradiuesof the amphitheatre, 
covering a gentle slope, and overlooking the dark blue waters of a 
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Inke-like ba^; the riehly-carved corDice or capital, half hidden by 
the luxuriant herbji^; are replaced hv the stern, shapeless mound, 
rising like a hill from the scorched plain, — the fniginents of pot* 
tery, and the stupendoufi mass of brickwork, occasionally laid bare 

by the w^inter rains ,The scene around is worthy of the ruin he 

is contemplating^; desolation meets desoktion, — a feeling of awe 
succeeds to wonder; for there is nothing- to relieve the mind, to 
lead to hope, or to teU of what has gone hy*" This description 
brings forcibly to mind the words of prophecy: '^^And he will 
stretch out his hand against the north, ancl destroy Aasyria; and 
will make Nineveh a deB^dation, and dry like a wildenieti!*. And 
flocks shall lie down in the midst of her, all the beasts of the 
nations; both the cormorant and the bittern shall lodge in the 
upper lintels of it; their voice shall sing in the windows; de^ola- 
tiou shall be in the threshohU: for he shall untover the cedar 
work. This is the rejoicing city that dwelt curekssly, that said in 
her heart, I am, and there is none beside me: how is she become a 
desoitttion, a place for beasts to He down in !" 

The architecture of the Assyrians olfers a striking contrast to 
that of the Egj-ptians; nor, in taking the soil and situation into 
consideration, are we at a loss to account for the ditference. 

Nineveh, Baby Ion ^ Risen, and other great cities, had do doubt 
been founded on the banks of the Euphrates and Tigris for the 
sake of the easy transit afforded by the rivers, as well as for the 
great fertility caused by the abundant supply of water. Assyria 
occupied a vast plain, bounded on the north and east by the moun- 
tains of Armenia and Khurdi^tan; and on the west by the Arabian 
desert. Stone, of a serviceable kind, conid only be brougbt from 
the distant mountains by an imraenHe expenditure of time and 
labour, and was consequently only employed on statues, obelisks, 
^:c.; and wood appears also to have been scarce, for Berossus, 
when enumerating palm, apple, and d liferent kinds of fruit, makes 
no mention of timber trees; nor have the present inhabitants of 
the country any other than the palm and tne poplar. Cedar was 
doubtless imported from Phoenicia^ but must have lieen too valuable 
to use as a common building material. The Assyrians were, there- 
fore, wholly confined to the use of brick, and the native coarse 
alabaster, which could only be used for cutting into stabs: this 
want of stone accounts for the total absence of fragments of 
columns, generally so abundant amongst ancient ruins. Straho 
tells us they constructed columns of pjilni trees, round which, by 
way of ornament, they twisted bulrushes pHinted in various co- 
lours. These are probably the kind of columns represented on 
their sculptures; but of such frail materials all vestiges would 
naturally soon pass away. 

The walls of liabylon have been a fertile source of exaggeration; 
but allowing for this, they must have been extraordinary works, 
and to the dwellers in the open plain thev formed the only means 
of defence. According to Uiodorus Sjculus, there was suJhcient 
space within the outer walls of Babylon not only for gardens and 
orchards, but to cultivate corn enough for the subsistence of 
the whole population, an case of siege: each city had also a citadel, 
and a ditch round the walls. The citadel was the holy place, 
where the palace-temple stood, where the treasures were kept, and 
where were preserved the records of the kingdom, carved in stone; 
it was also the place of refuge in time of danger. This sacred 
ground was elevated above the other buildings, both to give d g- 
nity to the palace-temple and strength t^ the cilwdeh In these 
plains, where no natural eminence was at hand, a regular plat- 
form of crude brick was constructed, 30 or 40 feet in height: the 
custom of building on elevated ground still exists, and many of 
the ancient mounds are occupied by a modern citadel. It was to 
defend this sacred inelosure that those huge walls were built, so 
often celebrated by ancient authors, Herodotus speaks of the 
walls of Babylon as 300 feet in height, and about 75 fcet in thick- 
ness; and, according to Diodorus, the walls of Nineveh were 
100 feet in height, and so broad that three chariots might be 
driven abreast up<m them; 150O towers were built at intervals 
along the walls, each 200 feet in height. Whether these dimen- 
siona be correct or not, it is certain that the fortification must 
have been of prodigious strength, as, in the reign of Surdanapalua, 
Nineveh was only subdued by the combined forces of the Persians 
and Babyhmians, after a siege of nearly three years. At certain 
distances in the wall were the gates*, either flanked by towers, of 
ornamented at the entrance by gigantic figures, such as the winged 
bulh The exterior of the wall was frequently cased with Hrpiare 
slabs, most probably of the native alabaster, and was decorated 
with pointings. Ezekiel speaks of these paintings: "For whon she 
saw men pourtrayed uprm the walls, the imjiges of the Chaldeans 
pourtrayed with vermilion; girded with girdles upon their loin^Sj 



exceeding in dved attire upon their heads." Diodorus says that on I 
the outside of the principal palace of Babylon, bnilt by Queen 
Semiramis, figures of men and animals were painted; and that 
the paint was laid on the bricks before they were placed in the 
furnace. Some enamelled bricks have been found at Nimroud^ on 
which the colours upuear tohave been thickly laid in a liquid state, 
and afterwards biiked in. 

Of the architecture of the palaces of Babylon we have no 
account; but we may suppose it to have resembled the style of 
those structures discovered by Mr, Layard. Strabo has left us an 
account of the temple of Belus; by whose description it would 
seem to have been a pyramidal tower, of eight stories, with a 
winding staircase on the outside from the base to the summit, the 
highest ston'' containing an observatory, fitted up for astronomical 
pur]>oses. Wq are told also of quays, of beautiful workmanship, 
along the banks of the river; and of a bridge buUt by Semiramis 
over the narrowest part of the Euphrates, "lounded with wonder- 
ful skill"' in the bed of the river, supported by columns 12 feet 
auart. In order that the stones of which the bridge was composed 
should be firmly united, they were bound together by cramps 
of iron, run with lead; and to break the force of the water 
against the columns, sloping masses of masonry were built up 
against them ; the roadway of the bridge was formed with beams 
of cedar and cypress, and was 30 feet in breadth. Dams were also 
constructed across the river, to secure a constant supply of water 
to the numerous canals, which spread over the country like 
work, and were known to have been the work of an ancient pe 
in the time of Alexander the Great. 

I fear the preceding descriptions must be taken as somewhat 
apocryphal, when we consider for how many centuries the mighty 
cities of Assyria have lain a heap of ruins; according to Mr. 
Layard, however, the Arabs state that when the river runs low, 
huge stones, united hy cramps of iron, become visible, which they 
assert to have been the work of Nimroud. 

It is not probable that any judgment can now be formed of the 
exterior architecture of Nineveh, so completely are the buildings 
buried in heaps of earth and rubbish; and it was only hv laborious 
excavations that Mr, Layard gained an entrance into tne interior 
of one of the great pafaces. It is most probable they were flat- 
roofed, and did not rise above the height of one story. The walls 
of the chambers were constructed of sun-dried bricksj^ and were 
from 5 feet to L> feet In thickness; from 9 feet to 12 feet of the 
height of this wall was panelled with slabs of the coarse alabaster 
or g)' psum, with which the plains of Mesopotamia abound. The 
slabs were fixed in their place by wooden or metal cramps, dove- 
tailed into corresponding groox^es in the adjoining .<labs. After the 
wall was formed, the bas-reliefH and inscriptions were chiselled 
out: this is evident from the manner in which the sculptures and 
ornaments are continued from one slab to another. The wall above 
this Uabaster panelling was formed either of rxchly-coloured baked 
bricks, or of sun-dried hricks covered with a coat of plaster, and 
variously decorated and painted. Here, several ornaments, now 
familiiir to us through Greek art, appear to have originated — • 
amongst others, the guilloche, and the device known as the Greek 
honeysuckle, or palmette. Ass^yrian art Influenced that of Asia 
]^linor, and so was transmitted to the Greeks, who knew so weU 
how to harmonise and beautify every idea they borrowed, that what 
they produced from the crude conceptions of other nations was 
like the perfectly developed flower compared with the just oiiening 
bud. The roof in Assyrian buildings was formed of beams of^wood; 
small beams, planks, or branches of palm were laid across them, 
and the whole plastered over on the outside. The disproportionate 
narrowness of the chambers would seem to forbid the idea of inte- 
rior ^^upport by means of columns; one hall of the palace, though 
160 feet in length, is only 35 feet in breadth. In the wider halls, it 
is probable that the centre was open to the air ; indeed, it is to be 
presumed that all the chambers were lighted through an opening 
in the roof, unless artificially illuminated, for there are no traces 
of windows; and drains are found leading from each chamber, as if 
for the purpose of carrying off the rain that might have fallen from 
above. In the open halls it is conjectured that a projecting ledge 
may have been carried round the wallsi, sufficiently wide to afford 
shade and shelter, — and here, probably, the palm columns men- 
tioned by Strabo were employed as supporters. The ceilings or 
soffits were divided into square compartments, decorated with 
painted flowers, or figures of animals, and surrounded by elegant 
borders and mouldings: in some instances, the compartments were 
inlaid with ivory, and the beams gilded. 

The pavements were formed either of inscribed alabaster slabs, 
or baked bricks; at the threshold of each chamber, beneath the 
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p4ivecnent, a small imii^ wnn deposited, intended as a protection 
|4> tli^ household* The entrance wiis ciiarded on either t$ide by 
bttotaivhended bulls, or sphinices; the former were from 10 feet to 
16fe€l in height. The Assyrian sphinx was winiy^ed — thus adding 

^^kM idea of ubiquity to that of physical and intellectual power; 

^^^^b occupied the same position nere as m Eg°ypt, and were in a 

^HK tii&iiuer a typ« of the governing power. 



Aityrlui Sphinx. 

The colours used by the Assyrians were the same as those em- 
ployed in Eeypt — copperas blue, red and yellow ochres, lamp- 
bUck, and caJcined c^ypsum* There is no doubt that tbev were 
skilful workmen, and well acquainted with the use of metals. Of 
llieir skill in carving stone, we have only to examine the human 
bead of the bull, and the smaU black obelisk, now in the British 
Httseuro, fully to satisfy ourtielvejs. 

flhali close this account of Assyria with another extract from 
J T«latiiig to Nehuchodonai^or. Ilesiiys: ''Nebuchodona- 
OTd«red the captives [Jews, SjTijins, and Eg^'ptiansl to be 
'distributed in colonies in the most proper places of Babylonia; 
mnd adorned the temple of Belus, and the other temples, in a 
sumptuous and pious manner, out of the spoils he had taken in 
this war. He also rebuilt the old city, and added another to xfe on 
the outside; and so far restored Babylon, that none who should 
hetiege it afterwards might have it in their power to divert the 
river, to as to facilitate an entrance into it; and this he did by 
building three walls about the inner city, and three about the 
outer* Some of these walls he built of burnt brick and bitumen, 
Aud some of brick only. .....When he had thus admirably fortified 

the city with walls, and had maguilicently adorned the gates, he 
added al»fi a new palace to those in whicli his forefathers had 
dwelt; adjoining them, but exceeding them in height and in its 
great splendour. It would, perhaps, require too long a narration, 
if any one were to describe it: however, as prodigiously lar£:e and 
magfiificeot as it was, it was finished in fifteeii days. In this 
t^alace he erected very high walls, supported by stone pillars; and 
by planting what was called a pensile paradise, and replenishing it 
witn all sorts of trees, he rentlered the prosj^ect an exact resem- 
blance of a mountjiinuus countrj". This he did to please his i|ueeu, 
becftuse she had been brought up in Medea, ana was fond of a 
mountainous situation," This account places Nebuchodonasor 
before us in an amiable and poetical light, building up mimic 
mountains for his young Medeao bride, to woo her into furgetful- 
ness of her exile; fuT we can imagine her pining in the wide plains 
of Babylonia, being, as Berossus saysj "fond of a mountainous 
situation." 

Nineveh was destroyed by the united arms of Cyaxares, king of 
Persin, and Nabopolassar, klu,: of Babylon, 60(3 B.C.; and Babylon 
shared the same fate in the following century, 538 b.c. 

The ancient Persians do not appear to have been so learned or 
cultivated a people as the Eg}^ptians and Assyrians, and evidently 
borrowed much of their architecture frum ibeir mure civilised 
luiveisanes. When Cambyses conquered Egypt {624, b.c), he not 



only carried away rich spoOs and many works of art, but also 
skilful artificers; and it is evident that *C y a xa res and Cyrus were 
not more scrupulous with regard to the Assyrians, We may form 
some idea of the apprupriating propensities of the Persians, when 
we read that Ptolemy Euergetes, when he invaded the Persian 
dominions, brought back S500 statues and other Egyptian works 
of art. According to the most ancient native authorities, Persia 
dates as a kingdom frum a very remote period, and was governed 
by a race of kings called the Paishdadian, or distributors of justice; 
the most celebrated amongst these was the renowned Jemsheed^ «8 
familiar a name in ancient Persian history as that of Shah Abbas 
in more modern times. Persepolis is »aid to have been founded by 
this race of kings, and hence its native name is Tackt^-Jemsheed, 
or the throne of Jemsheed. The only other ancient Persian 
cities of which any tradition or ruins exist, are Echatana (the 
ancient capital of Medea), Susa, and Pa«argndoe, the royal city of 
Cyrus. 

We have the same extravagant accounts of the walla of Pertian 
as of the Assyrian cities. According to Herodotus, Ecbatana was 
surrounded by seven walls, each one rising above the other towards 
the citadel, and each painted a different cohiur; and the walls of 
Susa are described as above 120 stadia (15 miles) in circumference. 
After the kingdoms of Persia and Medea were united under Cyrus 
(550 M.c), Ecbatana was the summer, and Susa the winter residence 
of the monarch, on account of the warmer climate of the latter city. 
The royal treasures were kept at Susa, and the palace is described 
as having been built of white marble, and its pillars covered with 
gold and precious stones; indeed, the Persians, though at first 
hardy and simple in their habits, appear soon after their union 
with the more luxurious Medes, to have imMbe<i that taste for 

f-orgeous cob>uring, and elaborate nrnament, that distinguishes the 
'ersian architecture at the presetit day. 

The remains of Persepolis, Ecbatana, and Pasargadce, are suf- 
ficient to show that tlie same style of architecture prevailed 
throughout the Persian kingdom, and how nearly it resembles, in 
f^mne respects, Egyptian architecture, and in others that of Assy- 
ria. Quint us Curtius speaks of Persepolis as "the glory of the 
East," and says that no other city existed thai could he compared 
with it. Djoiiorus Siculus says, "-^A triple wall encircled the palace. 
...... The first wall was 16 coudes in height, defended by parapets, 

and flanked with towers; the second wall was in form like the first, 
but twice its elevation.. ....The third wall wns a square, and cut in 

the mountain, being GO coudes in ii eight. It was defended by pali- 

sadoes of copiier, and had doors of the sjime, of ^0 coudes high 

The firtst wall was to inspire awe, the second for strength, and the 
last for the defence of the palace." The principal ruin now re- 
maining of Persepolis is called the Palace uf Forty Pillars: the 
first object that attracts the eye is a large and high square plat- 
form, which is divided into three parts, each raised above the 
other. The stones of which this platform is constructed are of 
enormous size^ some as much as 52 feet in length; and most of 
them from 30 to 40 feet in length, and from 4 feet to 6 feet in 
height; they are carefully hewn, and most of them polished; and 
so admirably fitted, that even after this lapse of time the joinings 
are almost imperceptible. The communiciition from one part of 
the platform to another is by means of a stairciuse, so wide that 
ten horses might ascend it abreast. The columns and fragments 
around would appear to have formed a vast portico; four pilasters 
remain, each 4 feet in thickness, and from 24 feet to 25 feet in 
height, probiiblv forming the entrance, as on these are carved the 
human-headed Lull, precisely similar to those found at Nineveh, 
Sir John Chardin speaks of thii'teen columns as standing when he 
visited Persepolis, two hundred years ago, but several have since 
fallen t the columns are of white miirhle, with fluted shafts of slen* 
der proportions. The Persian capitals occupied a great proportion 
of the height of the column, and were of singular form — some 
being ornamented with row s al' small v whiles, something like the 
curls of an olil-faHhioued biig-wig, while others were surmounted 
by bust* of the uiiicorn-bull: the bull being sacred to the worship 
of Mithra, it may be presumed that the columns with this form of 
cnpitril were part of some religious structure. There are several 
niches* yet standing, that no doubt formed pnrt of the wall of the 
building: such niches are iVecpiently seen in Persia at the present 
day, and are occupied by Via^ea of fiowers or plants. AVliat makes 
these niches at Persepolis worthy of remark is, that they are 
finished with the bead-and-cavetto moulding, precisely similar to 
the doorwayti in Egypt. Another interesting part of the ruin is a 
terrace, on which are carved iwo rautres of bas-reliefs, representing 
a procession; the fi^ure^ are a little le^s than 4 feet in height, and 
bear a remarkable resemblance to the As^^yrian sculptures. — Perse- 
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TK>li8 WM destroyedTbf Alexander the Great, after the defeat of 
Darius (S3] ex.) 

It would appear sing-ular, at the first glance, that while Egypt 
ftnd Intlia abouud in ruins of sacred buildliigs, a great and wealthy 
nation like Persia should possess so few: to account for this pecu- 
liarity, we must take into consideration the ancient faith of the 
people* Both Herodotus and Strabo assert that the PerHians had 
neither temples, images^ nor altars, but that they oifered up their 
sacriiices on mountains or high places: thi!<) mu^t he uoderstaod to 
allude to a very remote period, when the Perwans were still wor- 
shippers of Mi'thra, the aun, as the type of the one supreme Deity. 
This simple form of faith continued until the time of Zerdunht, 
or Zoroaster, who introduced fiie-worfship. After hia time, small 
shrines or tabernacles were built, for the preservation uf the sacred 
Hame; and altars were cut out of the rocK, on which to offer sacri- 
iioe. 

Two ancient altars remain near Nakshi Roustam; both standing' 
on the same platform of rock, 1« or 1 4 feet from the ground ; a 
flight of steps, hewn out of the Bolid, ascends from the south to the 
foot of them; each altar is a square of 4 ft, 6 in. gradually tapering 
to 3 feet; a heavy and rudely -shaped column runs up each corner, 
and rests on a square plinth; the capital is formed by a kind of 
torus, and a aemicircular arch, in relief, extends from pillar to 
ptlhLT. In the square top of the altar i^ a hollow, excavated to 
the depth of 8 inches, probably for the reception of the sacred 
fire. A fire tabernacle ^ill exists in the sjime neighbourhood: this 
small building is much choked up with earthy but its present height 
is about 35 feet; it is built of marble, and curiously ornamented 
with projecting blocks along each course. The chamber ia a square 
of twelve feet, the walls of which are completelv blackened with 
smoke. \VTien temples were first erected in i'ersia, they were 
j^till on high places, and open to the sky, the worship of Slithra 
forbidding the attempt to confine the Deity under a covered roof 
as impious. 

In the reign of Darius Hystaepefl, some alterations in religious 
forms were made, when the temples were roofed-in, the better to 
preserve the holy fire from the accidents of the weather; but the 
old belief in the superior sanctity of the canopy of the heavens 
never became extinct. The comparatively i<hort period that elapsed 
between the reign of Darius Hystaspea (iB5B.€.), and the annilii- 
lation of the Persian kingdom uuaer Alexander the Great (331 
s*c.), sufficiently accountii for the scanty remains which are found 
of these temples. 

A few miles from Pertsepolis is the Nakshi Roustam, or moun- 
tain of sepulchres, showing by its extensive and numerous excava- 
tions that the adorers of the sacred fire were no less auxiou^^ for 
the preservation of their mortal remains thxin the worshippers of 
Osiris. This mountain ts composed uf a whitish marble, and rises 
almost perpendicularly to the height of about 900 feet. In the 
face of it numerous tombs have been cut, evidently of a date 
coeval with the prosperous days of the neighbouring city of Perse* 
polis. The earliest and most elaborate sepulchres are the fiiur 
highest in the rock; they are all similar — a description of one will 
therefore suffice. The facade of the tomb is divided into three 
compartments; the upjier one is richly sculptured with figures in 
relief; beneath this is the entrance; four attached columns sup- 

Iiort an architrave, simply omaniented by dentils near its upper 
edge. The bases of the columns confiist of a torus and plinth, 
]»rojecting 1 ft, 6 in. from the face of the tomb. The capitals 
are composed of the bead, breast, and bent fore- legs of two 
unicorn-bulls, richly adorned with collars iiiid trappings, united 
just behind the shoulders, leaving a cavity for the insertion of a 
block of stone to support the connecting architrave. Between the 
two centre columns ia the doorway, having for its curnice the 
Egj'ptian bead-and-eavetto ntoulding; the gi*eater part of the ap- 
|i«rent door is only panelled, the entrance being- confined to a 
giquare space of t ftj Gin, high in the lower part of it. The third 
and lowest compartment baa a smooth surface, terminating below 
in a deep hollow cut in the ruck. The whole front is about S3 feet 
high. The chamber of the tomb is vaulted, and is 'M feet in length 
and 9 feet in height, the breadth of it being occupied by three 
arched recesses at its farthest extremity; each of these contains a 
trough-like cavity, hollowed out of the rock, 8 ft. Sin. in length 
by 5 ft, in breadth, which no doubt contained the sarcopluigus or 
the bodies; and they were covered by a stone of corresponding 
dimensions. The only mode of reaching these tombe is by means 
of a rope, the f«ce of the rock affording no footing. 

The tomb somewhat lower in the rock, on which is seen an 
inscription in the cuneiform character, is supposed to be that of 
Darius Hy staspes. It was on this spot, upwards of two thousand 



years ago, that the following catastrophe happened, as related by 
Cteaius: — An elaborately decorated tomb had been prepared by the 
orders of Darius Hystaspes, that his body might repose in diia 
honour after death; but when intending to inspect it on its com- 
pletion, he was forbidden to do so by the Chaldean soothsayen, 
who prophesied that some fearful accident would foOow such an 
attempt. Darius submitted; but some young princes of his family, 
more courageous or less superstitious, determined, in spite of 
warnings, to view the interior of the tomb. The officiating prie9ta 
agreed to draw them up to the entrance; but while they were yet 
suspended in the uir, several serpents suddenly anpeared on the 
rock, and so startled the priests that they at once let go the rope, 
and the princes were dashed to pieces in the fall. 
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Nakibl Houjtani. 

The Mithratic worship, though apparently at some remote en, 
extending over almost all the then known world, lost its simplicity, 
and gave place to idolatry much sooner in some countries than in 
others; thus, while in Persia it was retained for many centuries, in 
Egypt and India it was soon confounded amongst other creeds, 
though never wholly disappearing: in India, therefore, temples 
exist from as early a period as in Egypt. It has been a subject of 
frequent discussion, which countrj' can lay claim to the greatest 
uiitiquitv, and whether {sume resemblance being found in the arts 
and architecture of the two countries) one was derived from the 
other, or whether both may be esteemed coeval and original, I 
incline to the latter opinion. It dues not appear that any resem- 
blance exists that may not be accounted for by similarity of clim- 
ate, and a common Asiatic origin. The palm and lotus are repre- 
sented in the ornaments uf both countries, because the palm and 
lotus flourish on the banks and in the waters of the Ganges, as well 
as of the Nile. The same gigantic proporiions were aspired lu by 
all the nations of antiquity; and we are equally struck with the 
magnitude of the ruins at IVrsepolis and in Central America, as 
with the temples of Egypt and the pagodas of India. 
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But if we natice points of resemWance, we must also notice 
' itrtViwg marks of dissiniilanty- — for instance, the Egyptians always 
nuwie omanient fitibser^'ietit to a meaning, and never allowed it to 
interfere with the grandeur of the outline: the Hindoos, on the 
contrary^ sacrificed purity of outline tu the elaborate ornament 
with which their pagodas are overloaded. In Egypt, the temples 
were of one simple angular form; and the peculiar worship to 
which they were dedicated, whether of Osiris, Amun, or Athor, 
wMM tanght by the sculptures and hieroglyphics on the walls: in 
Iitdla, the whole ejrtericr form of the temple was made to bear a 
certain jsignificance; thus a corrupted form of Mithratic worship 

f»re the circular dome, which in tne interior was to represent the 
oly concave of the heavens^ and was sprinkled with stars on an 
I ixure ground, or decorated with a sculptured aodiac; other pago- 
das took the more ancient pyramidal form, and some the two com* 
bined, showing a pyramid terminated by a cupola or globe; other 
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Indian temples assumed, from the the<»Iogy of their builders, 
the oval form of the mundane egg; and others, again, a square or 
cr<MB« Bymbolical of the four elements and four cardiniil pi/mts, 
TIiA Egyptians, though avoiding all expre»*sion of human action or 
ptsriou in their statues, never gave them those adiHtional head-* and 
limhs that deform Hindoo sculpture r w hile in some of the Indian 
bM^reliefs there is an idea of grouping and graceful attitude, not 
■een amongst the Egyptians. 

The term "pagoda" applied to Indian and Chinese temples is 
derived from the Persian words ;ww/, an idol, and ghmh^ a temple. 
The exterior of the pagodas are generally covered with figures of 
Indian deities or animals, sculptured w'ith great spirit; and the 
lofty walls and ceiliug of the interior are profuselv adorned with 
rich painting and gilding; daylight is only admitted by the soli- 
tary entrance-door, but they are illum'inated by ever-burning 
lamp^ suspended from the roof. The banks of the Oanges, KistiKt, 
iir other sacred rivers is, when possible, selected for the site of the 
*"*J *^pJ^s, in order that the worghipper« may have the benefit 
©f ablution in the holy stream: when the oagodas are at u distance 
from the river, a large quadrangular tank or reservoir is con- 
structed in front, lined with freestone or marble, and having a 
flight of steps descending from the margin ; manv of the tanks are 
from 300 to iOO feet in breadth. The entrance to all the principal 
pagodas is formed by a portico with lofty columns, and ascended by 
a flight of stone steps, sometimes, as in that of Tripelfi, to the 
cumber of one hundred. The gate i« always frontinj/ tlie east. 
The interior is divided into three parts, which may be compared to 



a centre and two side aisles; at the further end i« the sanctuary, 
surrounded by a stone balustrade to keep off the populace. The 
prigoda of Santidus, in Guzzerat, is described by Tavernier aw In- 
cluding three courts, paved Mith marble, and surrounded by por- 
ticoes supported by ntarble columns, ami decorated with female 
figure* sculptured in the same material. Into the inner court no 
one was allowed to enter without taking off his sandals* The ceil- 
ings and walls of the interior of the pagoda are adorned with 
mosaic work and variously coloured agates. The courts of the 
temple of Seringham, measured round the outer wall, are nearly 
four miles in circumference, and are entered through immense 
pyramidal gateways on each of the four sides. The pyramidal 
gateways leading to the magnificent pagoda of ChiUamhrun, on the 
coast of Coromandel, exceed ISO feet in height* The Choultr}', 
or hall, in some cases Is of enormous site, having 100 columns in 
length and 10 in width, or 1,000 columns in all: they nre popu- 
larly called '* halls of a thousand columns;" and this is usually lite- 
rally true. When it is remembered that each of these columns is 
ornamentally carved from capitid to base, thut these carvinp are 
usually all different in design, and that the material used is gra- 
nite, it must he admitted that they are wonderful works. 

The excavated temples of Hindostan have afforded a fertile 
theme for argument, — some authors taking their remote antiquity 
for granted, while others deny their existence beyond the invniiion 
of the Saracens. Lieut. Fergusson upholds the latter opinion, prin- 
cipally on account of the frequent use of the arch. Now, the vault 
being a sacred form, a section of it may have been adopted in 
ancient times, and thus account for the semicircular arch so con- 
stantly found in these rock -cut temples; yet we must allow that 
when the ogee arch also appears, it affords conclusive evidence of 
their more recent date, as it is well known that this form was fii^st 
employed by the followers of Mahomet. The remote antiquity of 
the excavations in India, as in Egypt, is objected to hecause nio^t 
of them are imitations of structural models. Lieut. Fergusson 
says, that the Brahminical caves are always imitations, though those 
of the Buddhists are generally simple excavations. A mibtitke 
may have arisen from treating these rock-cut temples a>» if ex- 
cavated at one period, when it is probable tliey were the work of 
successive centuries; for it is known that the Buddhists were the 
earliest cave-diggers, and that they made use of natural caverns, 
which they improved by art. The moKt *iimple excavations con- 
sist of a square cell with a porcb ; but frequently in the monastery 
caves, the verandha or porch opens into a s^quare hall, three sides 
of which are occupied by cells^the hall being sometimes so large 
art to require the support of pillars; in a deep recess of it, facing 
the entrance, is placed a statue of Buddha: thus the cave is a place 
of worship as well as an abode for the priests. The Brabminicui 
caves have generally a temple attached, which consists of an ex- 
ternal porch, an internal gallery over the entrance, and a centre 
aisle twice the length of its breadth, having a vaulted roof, ter- 
minating in a semi-dome, under which stands a dagopa; a narrow 
aisle surrounds the whole interior, separated from the centre by a 
range of massive columns. This side aisle is generally fiat-roofed, 
though sometimes in earlier examples covered by a semi-vfiuit» 
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fienerally speaking, all those parts which would be of wood in 
structural buildings, are of woi*d in the caves; when this js not the 
cjtse the same fttrms are preserved, thi»ugh c^irved in the nn-li. The 
cave-temples are usually lighted by a lar^e aperture over the en- 
trance, having the striking effect of throwijig the full hlaze of 
light upon the idol, while the rest of the cavern remains in com- 
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parative gloom. There are numerous poui>9 of excavations 
tlirouj^hout India, at Biephanta, Sal set te, EUora, and elsewhere. 
LindBchotten describes the caves of SaUette as so many separate 
ranfres of apartments, rising in succession to four gTulenes or 
stories, containing as many as 300 chambers. The caves of EUora, 
near Aurungab&d, are amongst the most interesting: — and the mas- 
sive coltimna^ with the cushion capita], the best specimens of this 
style. Some of the *'ruths," or monolithic shrines, are cut out of 
isolated blocks of granite; other* have the rock out of which they 
were cut so close round them, that they stand as it were in a pit, 
and are consequently imperfectly seen. Sometimes the excavated 
eaves and monolithic shrines form a group, the latter being gene- 
rally of a pyramidal form. 

Oude is said to have been the first imperial city of Hindostan. 
Sir Wm, Jitnes says, *■' that if we may Udieve the Brahmins, it 
extended over a line of about 40 miles, and the present city of 
Lucknnw was only a lodge for one of its gates." According to the 
*MHhabbarat' (an Indian hist«>rical poem), Oude continued to be 
the chief city, until the erection of Canou^'e on the Ganges, about 
1000 B.c»; at which time idolatry was introdiieed, id«>li* set up, 
and Canonge adorned with numerous royal and sacred edifices. 
The regular empire of India may be said to have fallen with 
Callian Chund, who reigned over Hindostan about 170 ti.c. 
Palibothra was the ancient city of which Straho ajiserts that it was 
situated at the conflux of another river with the tianjccs ; that its 
figure was quadrangular; that in lentrth it was 80 stadia, and 15 in 
breadth; and that It had a fortification of wood, with turrets for 
the archers to sh(K>t from; and that it was surrounded by a vust 
ditcli, Delhi was founded about 300 b, o. This city is described 
by the Persian historian Sherifeddin as consisting of three cities, 
Seiri, Gehampenah, and old Delhi or Inderput. Seiri and old 
Delhi were encircled by a wull; Gehampenuh occupied the space 
between the two former, and was considerably larger than either; 
the walls by which it was fortified ran in parallel lines on each 
side, and connected Seiri and old Delhi, This threefuld city 
spread over a vast extent of ground; according to SherifTedifi, it 
had thirty (others say fifty) gates; he informs us also that it was 
celebrated for a magnificent palace, erected by an ancient king of 
India, and adorned with one thuu<^and marble columns. This 
>ioble city was destroyed by Timur, but rose again under his suc- 
cessors; when Agra was also founded, and strongly fortiBed, 

The most wonderful amongst these monoliths or excavations is 
Kylaa, or Paradise, near Aurungabad; this presents the aj^pear- 
ance of an a&sembliiji^e of temples, shrine^^ and columns, of various 
dimensions, — the whole li»aded with minute and fanciful ornament 
that baffles description* The portico of one of the largest of the 
temples is supported by colnsaxJ elephants, and the front is entirely 
covered with hgures of idols, animals, and arabesques, in in finite 
variety. For an idea of this marvellous excavation, 1 must refer 
the student to the beautiful and elabomte drawing of Lieut. Fer- 
gussoo, in his work entitled, 'Illustrations of the Rock-cut Tem- 
ples of India/ 

The rules and principles of architecture, like those of most other 
sciences in India, have been locked up in the Sanscrit language; 
and every attempt made by the workmen to diffuse the knowledge 
they verbally received, was considered an encruachment upon the 
rights and privileges of the higher orders. Some interesting 
translations have, however, been given by Ram Raz, hinisielf a 
Hindoo. The Sanscrit writings C4>mmence with various aphorisms, 
such as: "An architect should be conversant in all sciences; ever 
attentive to his avocations; of an unblemished character; gene- 
rous, sincere, and devoid of enmity or jealousy Woe to them 

who dwell in a luiUi^e not built according to the proportions of 
symmetry* In building an edifice, therefore, let all its parts, from 
the basement to the roof, be duly considered." Then follow rules 
for choosing the ground: *'l'he best sort of ground,*' siiys the San- 
scrit author, *^^should abound with milky trees, full of fruits and 
flowers; its boundary should he of a quadrangular form, level and 
smooth, with a doping declivity towards the east; producing a hard 
sound; with a stream running from left to right; of an agreeable 
odour; fertile; of an uniform cohmr; containing a jjreat quantity 
of soil; producing water when dug: to the height of a man's arm 
mi^cd above his head; find situated in a climate of moderate tem- 
perjitijre/' The ground to be avoided is, '*That which has the form 
of a circle; a aemicircle; containing three, five, or six angles; re- 
sembling a trident, or a winnovr; shaped like tbe hinder part of a 
fish, or the hack uf an elephant; or a turtle, or the face of a cow, 
and the like. Abounding with human skulls, sslones, worms^ ant- 
hills, bones, slimy earth, decayed WLH)ds, dilapidated walls, sub- 
terraneous pits, fragmenta of'^ tiles, limestones, ashes, husks ©f 



corn; or exposed to the wafted effluvia of curda, oil, honey, • 

bodies^ fishes, &c. Such a spot should be avoided on every ac«] 

count. Then follow rules for ascertaining the solidity of thel 
ground, and for various ceremonies, which so nearly resemble those j 
practised at the founding of Rome, and conseouently Etruscan, | 
that they need not be mentioned here. The whole area of a toim i 
or village (according to the ancient authority), with the lands i 
thereunto belonging, being divided into twenty equal parts: one it 
assigned for the occupation of the Brahmins, six or more for tht * 
other three dosses, and the remainder for agriculture* Two or i 
more tanks, or reservoirs, are to be built in every town. Private 
houses may conftist of from one to nine stories; but this is to bt 
determined according to the rank of the persons for whom they 
are built — the lower chisses must on no account construct their 
houses of more than a single etory or ground floor. In front of 
the houses, on each side of the door, should be erected a '^v^dica,* 
or raised seat, or pedestal. 

The Indians employ seven orders of columns, classed according 
to the proportion between the diameter and the height. The 
second order, of seven diameters, may be compared with the 
Tuscan; the third, of eight diameters, with the Doric; the fourth, 
of nine diameters, with the Ionic; and the fifth, of ten diameters, 
with the Corinthian: but there is one order of six diameters, and 
two others fn»m one to two diameters more lofty than the Co- 
rinthian. The first two orders of columns are always placed upon 
pedestals. The general rule with respect to the tapering of the 
shaft is, that the diameter at the base being divided into as many 
parts as the shaft is diameters high, the upper diameter is dimU 
nished by one of those parts. The higher the column, the lest 
it tapers in proportion, because the apparent diminution of the 
column is greater according to its height* The plan of the Hin- 
doo column admits of any form — circular, quadrangular, or octa- 
gonal; and the shaft is often richly adorned with sculptured orna- 
ments. The intercoiumniations have no fixed rule. The capital 
do not mark the order, as in those of Greece and Rome, but, on 
the contrary, they may be varied at pleasure, though not without 



g^jigf^aiS 



I0IQI^t0Ki>Kyv2>tQ10iiv<i0iQiQXci;i3XS>>01€'I^B 




>V^/ 



\^ 



j>g^«>J> *> )) ^ > g>}> ol? ♦ J •!> > I> » 3> ^^ ml^m^m/^ »^ »T^ J^ ^HVl^ 



UK 



fflMffi 




<;VS^/V/VyyV , 



regard to the proportion of the column. The profile of the enta- 
blature changes little, but the pedestals and bases offer a great 
variety of outline and ornament » Occasionally, in temples and 
porticoes, figures of men or animals are carved in bold relief on 
the sides of^ pillars or pilasters. The pedestal is frequently era- 
ployed over cornices, wiiere the edifice consists of several stories, 
and also us a support for thrones and statues: in the latter situa- 
tion, great skill has been displayed in their decoration, — nor would 
they di^ig^ace any period of art in richaefis of ornament and beauty 
of proportion, 'fhe Engraving, Plate II L, shows four of the In- 
dian columns, and a fifth with a lion supporter. 

The Hindoos make use of two sorts of cement, or *'chunam;* in 
the interior of the count rj% it is prepared from a gravellv sort of 
limestme mixed with sand; and nhmg the coast, from t lie shells 
washed out of the s^ilt water marshes— ^the shell '^'^chunttm'* is pre- 
ferred — also mixed with sand; and is mixed with "jaggery-water," 
a solution of molasses or i^oarse su^ar, the use of which seems to 
have prevailed from the earliest ages. There is another kind of 
chunam (not mentioned by Ram Rhk), prepared from calcined 
shells, without any admixture of sand or other foreign matter, and 
used HA plaster; it is temjtered with as little water as possible, and 
well workeiUup; when yet moist, it is rubbed, and is susceptible of 
a high polish, 

1 shall conclude this lecture with the description of an ancient 
Indian city, as given in the 'Ramayiina';— '^On the banks of the 
Saruya is a vast, fertile, and deli^?litful country, called Cosali. 
abounding in corn and wealth,.,,,, In that country is a city, callea 
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^ytidhfa, greatly famed in this world, and built by Mann hioiBeir^ 

riM *'lcrrd of men* This great and prosperous city was twelve 

yojanas (nine niited) in length, and ilir&e yojanas in breadth^ and 
itored with all conveniences. The streets and lanes were admir- 
fcbly di imposed, and the high roads were well sprinkled with water. 
„..l.It waa adorned with arched gateways, and beautiful ranges of 
ihopft; it was fortified with numerous defence!) and warlike ma- 
diiaes, and inhabited by all sorts of skilful artists .....* It was 
beautiful with gardens and groves of mango trees, and inclosed 
witli hig^b walla...... It was surrounded by impfissable ditcben, and 

d by fortitications difficult of assault by foreign kings 

I iiruamented with palaces of ex4uit^ite workmanship, lofty 
» mouBtains, and enriched with jewels; abounding with beautiful 
Ibouaaa consisting of ^veral stones; and it iihone like Indra'tf 
HeaTen*.«...It8 aspect bad an enchanting effect; and the whole 
city waa diversified with rarions colours, and decorated with re- 
ffular avenues of sweet-scented trees It was filled with build- 
ing^ erected close to one anotherj and without intermediate voids; 
V titnated on a smooth, level ground This city truly sur- 

, any that was ever beheld on earth/' 
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ARCHITECTURE OF SOUTHERN INDIA, 

On the Architeefure of Southern ttuiia. By Ja^ies FEeotssoN, 
E«q., Architect.— (Paper read at the Royal Institute of British 
Arcbitecia^ January 7tb.) 

Tboae who heard me on a former occasion may recollect that I 
pointed out, and strongly insisted on the fact, of India being occu- 
pied by two distinct and separate races: one of the^e nUorigintil, 
occupying ejiclusively at the present day the southern extremity of 
the peninsula, and extending to and across the valley of the Gan- 

feaj but there only as an underlying stratum to a second race. 
'hoie latter, commonly called the I ndo- Germanic or Sanscrit race, 
cain« across the Indus from the north-west, and gradually displaced 
the aboriginal native tribes in the valleys of the Indus and Ganges 
(ejccept to the extent above pointed out); ia these countries they 
are^ and, aa far an our histories e^ctend^ they alwavi^ were, the 
dominant classes. All we know of the literature or history of the 
country is owin^ to their superior energy and intellectual de- 
velopment. 

The Southern or Tamul races never, apparently, had a litera- 
ture of their own; roost of their dialects are quite uncultivrtted, 
and ao deficient are ihetr literary records that we know almost 
ootbin^ of their history or of their intellectual culture. Not* 
vithbtandin^ however this literary and historical poverty, the in- 
babiianta of the south were far more daring and extensive builders 
than thoie of the north; and indeed I do not know of any region 
on the surface of the globe, that can boaat of the smne numher of 
templeft, covering so much ground, and showing such an infinity of 
labour bestowed on their details; and as such, they certainly de- 
serve to be known and .studied. 

The principal buildings in the south of India are of course 
temples, as is the case in most countries, and is always the case in 
ball civ lit jied ones. In this region the temples consist principally 
of two parts; one of which, called the Vimana^ is the temple pro- 
per — the other, or Gtfpura^ is the gateway. There are besides, 
halls of various dimensions, and walls surrounding the various 
courta, which I will speak of afterwards. But to begin with the 
vimaaar— this consists in all instances of a square basement, of one 
or two stories in height, ornamented with pilasters, between which 
imre niches containing statues of the gods; within the basement id 
I ft square or rather cubical apartment or cella, the sanctum of the 
^emple, in which the principal image of the god is placed. This 
ement is always bwilt ot stone — in the extreme south, an old 
aaadatone; a little further north, of compact limestone; but 
lover the greater part of the country of a fine close-graiued fpra- 
iiute. Above the basement rises a pyramidal building, composed 
|«f brickwork covered with the fine durable cement of the couu- 
wbicb retains its sharp ed^e even after the wear and tear 
iearly a thousand years. This pyramid con^iiists of one, two, 
Be, four, or more stories, up to twelve or fourteen, according 
ta the dimenjsiouiS or importaufe of the buIMing, and is always 
iurmounted by a circular dome-like termiaatiou. Each story of 
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the building is ornamented by alternate long and short miniature 
temples or shrines — alternate vimanas and gopuras in short — each 
smaller one with at least one image before it, the Inrger ones with 
three, or often with groups of a greater numher of figures. These 
smaller shrines, however, though they relieve and vary the surface 
of the pyramid, are never so important as to break the general 
outline, which always retains that of a straight-lined pyramid. 

The gopura is in every respect identical with the vimana^ ex- 
cept that its plan instead of being an exact square is always ob- 
long, generally in the ratio of three to two, so as to admit of its 
being uierced by the great doorway which always traverses it« 
lesser oiameter. The change in the form of the base also neces- 
sitates a change in that of the crowning member, which iuj^tead of 
being circular is elongated into a sort of w^Lgon roofl diflficult to 
describe, but e*isUy understood from the drawings. In the mode 
of dectirating it, either architecturally or with sculpture, it n 
identical witli the vimana. 

To the vimana is generally attached a porch (or Manttipa\ ; 
frequently this is only a repetition of the basement of the temple, 
but with a low root instead of tlie high pyramidal one of tht* 
temple; frequently, however, the porch is open and c^jlumnar; in 
small temples of merely two or four pillars supporting a flat roof, 
but frequently of thirty or forty pillarH, arranged as shown in the 
diagrams, in a manner which displays the principal peculiarities of 
the style. Generally speaking the columns are square in plan, 
changing into octagons and circles, or figures with sixteen sides, 
according to the rules of Hindoo art, and sculptured from the 
basement to the bracket capital, which always forms the upper 
termination, the pillars are generally placed so as to be equidistant 
from one another all over the floor; but as there is always a wider 
aisle in the centre running to the door of the temple, and generally 
a similar one crossing it at right angles, this is obtained by omit- 
ting one, two, or even three rows of pillars, and replacing them 
c«nstructively by attaching bracketing shafts to the fronts of the 
remaining side columns, and carrying forward from them a boM 
series of brackets carrying longitudinal ties and trusses, all in 
stone, till the space to be roofed by flat stones is the same, or 
nearly so, as that of the side aisles. Besides being used as por- 
ticoes to temples, an arrangement similar to thij!i, of one centre 
and two side aisles on either nide of it is used in some temples as a 
cloister Burrounding the courts: at Ramissiram for instance, such 
a cloisiter extendi for nearly 4,000 feet. 

A still more extraordinary columnar arrangement is that of the 
ChtmUrie»^ or nuptial hall*, — usually called *^halls of a thousand 
columns," and trequentlv containing- exactly that number. At 
Tinevelly for instance, olf which a plan is on the wall, the number 
13 easily calculated, as the hall is 10 pillars in width and 100 in 
length; at Chelumbrum it is 21 X l-lt which with the 16 piEars of 
its porch would make up the number exactly, but there some have 
been omitted in the centre, so as to allow of open spaces for the 
ceremonies, so that the actual numher is 930; in many instances, 
however, there are only tiOO or 700, hut in none that I know of 
less than oO^J, and considering that in most cases all these are of 
granite, generally of one piece from 16 to 20 or 30 feet in height, 
and always carved from basement to cjipital with the most varied 
ornaments, it will be easily conceived what works of labour they 
must have been, and what impression of infinity of toil they pro- 
duce on the spectator. I need not here enter into more detail on 
this subject, but may now pmceed to point out how these various 
component parts of a temple are grouped together, so as to com- 
pose a whole. 

The simplest and most general arrangement, at least for Smaller 
temples;, such as those found in villages, and some of the larger 
ones, as that for instance at Tanjore, is that of a vimana and its 
portico standing in the centre of a square court, surrounded by 
cloisiters and inclosed by a high plain wall, with one gnpura i]i 
front of the entrance to the temple. Few temples, however, 
except of the smallest class, are of so simple a form, but generally 
they are surrounded by a second inclosure, the sides of whicli are 
mupallel to those of the first; say at the distance of about 100 feet. 
This is Hkewiise surrounded by cloisters, and incloses several 
miuor shrines, or templesi dedicated to inferior deities. Generally 
it possesses two gopurfis, the one in front of that belonging to the 
inner inclosure being generally connected with it by a haudiaome 
colonnade or mantapa, with an aisle at right angles to the princi- 
pal one. The other gopura is placed behind the temple, and is of 
less importance than the one in front. Almost all the great 
temples of India possess a third inclosure with four gopuras, one 
on each face, thus making up seven in all. Besides minor s)irine« 
and Brahmins* residence-s the outer court generally contains the 
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great choultrie or hall of a thousand columns; and in this form the 
southern Hindoo temple may be said to be complete* In some 
instances a fourth-, fifth, sixth, and even a seventh inclomire h sub- 
lei^uently added, and as each of theiae has a ahrine with four ^opu- 
ra^ aa In the famoua temple at Seringham, a temple may have na 
many as twenty or twenty-three of these. This however may be 
BHid to be rather the exception than the rule; the temple beiiij? 
complete with three courta and seven ^ijopyras. There ia however 
another form, when the temple is dedicated to Siva^ of placinf^ two 
such aa I have deacribed tiide by side, one dedicated to the god 
himaelf* the other to the goddess Prava hh wife. This is the case at 
Tinevelly and Madura, in either of which instances there are only 
eight ifopuras, though had the deaign been carried out a^ if there 
were two complete s^eparate temple;* and three ineloHures, the num- 
ber j^hould have been thirteen, us there %a only one temple common 
to both. 

The dimensions of these buildings are very considerable; the 
ouler inclosure, when there are three, aeldom being under 500 feet, 
and ran*^ing from that up to 1000, and even 1200 feet, the usual 
dimensions bein^ about 600 or 700 feet. The gateways generally 
are, or are intended to be^ in propi»rtion to the length of the wall 
to which they are attached, thus the inner gateways are generally 
smaller than the external ones, though not in any exact proportion. 
In the great temple at Seringham for instance, the inner gopura is 
qtiite ins^ignificant, while the outer four attached to the seventh 
inclosnre would, if completed, have been the most splendid in 
India, Unfortunately they were commenced only in the beginning 
of the last century, and our wars with the French, and the conse- 
quent troubles of the country, put a stop to their erectioji. The 
principal one however is a nearly solid mass of granite, 150 feet 
wide by 100 feet in dt^pth, pierced by a gateway, of 21 ft. 6 in. clear 
width and ahout 4,5 feet in height, roofed with large slabs of gra- 
nite, 23 or 24 feet in length; had a pyramid of the ui^ual prf^uir- 
tion l>een added to this, it could scarcely have been leas than 300 
feet in height, which is more than double the usual size of such 
erections, The materials alsso, which were used in lbe«e gateways, 
are on the same scale, the door-posts being generally of one sfab 
of granite, 30 or 4o feet in length, and covered with the most 
elaborate sculpture. The vimauas are seldom on the same scale aa 
the gopuraa, and it is one of the principal defects of these huild- 
in;:s, that they want a central point of attraction round which the 
subordinate t»nes are grouped. This aro?*e in many instances from 
a village temple having become sacred, either from some supposed 
miracle wrought by the god, or some accession of wealth to the 
foundation — for there as here wealth works miracles — ^and instead 
of pulling down and rebuilding the original edifice, incloj*urea and 
gopuras were added to the utmost extent the means of the temple 
would afford. 

Another cause was, the mysterious effects produced by the sanc- 
tuary not being visible from the exterior: hut when you are imme- 
diately under the temple, or inside its walls, under its cohjnnades, 
the defect is not perceived. While, after passing under its gate- 
ways and from one court to am^ther, each more holy and splendid 
than the last, the effect is certainly grand — -when you behold before 
vou the holy of holies, f^hrouded from human eyes by its high 
impenetrable walls, and can only peer through its colonnades into 
the mysterious gloom that shrouds the deity himself. At a dis- 
tance, however, the defect in an architectural point of view is very 
striking; and though the number and size of the gateways tell 
alwHvs with striking effect, the mind is ever puzzled and unsatis- 
fied by seeing them all facing different ways, and pointing towards 
something — and that something is wanting in every view. This, 
however, is not always the case; at Tanjore, and generally in the 
smaller temples, or tiose built on an original and uniform plan, 
the vimana is the principal object, and the gopuraa and maatapa 
ftfe all in proper subordination to it. 

Before leaving this part of my subject, it remains for me to 
point out aome similarities with other styles, which have often 
been insisted upon by others; and though 1 myself am not in- 
clined to attach much weight to them, they are still interesting, 
and others may be inclined to take a different view of the matter 
from that which 1 take of it. The first is its presumed identity 
with Egyptian architecture. In looking, for instance, at the plans 
of the temples at Karnac or Kilfou, we find two or three succesijive 
inclosures of high dead walls surrounding the sanctuary. The 
♦*ame and indeterminate number of predominant high massive prt»- 
pyla, which form the only object seen outside; while the sanctuary 
IS low and concealed by the high walls tliat surround it. The great 
choultries, besides are both in position and apparently in use simi- 
lar to the hypostyle halls of these temples^ and the propyla are in 



both instances the great Iconoatasea^ or image-bearing screens of 
the temple. I may also add, that the aame aucceftsive mod« of 
erection waa, at least in some instances, followed in both cat^ea. 

These certainly are strong points of similarity, and at first fiight 
almost conclusive. But on a closer examination they are over* 
powered by the extreme dissimilarity of design and principle; by 
the total absence of hieroglyphics, or hieroglyphic expreusiousii, in 
the Indian examples; and by the utter dissimtfarity m every de- 
tail between a style so exuberant in strength as the Bgyptian^ and 
one so tending to frailty as the Indian. Still, the difference may 
only be such as exists between the Norman and florid Gothic style*, 
whose connection no one doubts, It is eivsier, however, to point 
out similarities than dissonances, and there are some points in 
which all masonry stylea must resemble one another. It is only 
by weighing fairly the two styles by one, and by an accurate know^ 
ledge of both, that anv one can be able to arrive at a just conclu- 
sion on the subject, f have myself been so staggered at timefl by 
the points of resemblance, that I have been inclined to accede to 
the general opinion; but on the whole I fear it must be considered 
in the present state of the questit>n, as too hasty a generalisation. 

The simihirity that exists between theae temples of the south of 
India, and that at Jerusalem, aa described by Josephns, is even 
more striking and puzzling than that just poiuted out; but as it 
would require large drawings, and more space than I can here 
afford, to make this intelligible, I will not insist here on what may 
be after all merely accidental. 

It only remaiius that I should in conclusion say a few words on 
the general architectural effects of the examples I have been de- 
scribing. I cannot of course ask you to admire them, nor to 
agree with me in my estimation of them, for I am aware that to 
you they must seem b^ith atrange and uncouth, if not positively 
ugly. So at least they appeared to me when 1 first became ac- 
quainted with them, and it was only after I was thoroughly accus- 
tomed to their form, familiar with their details, and more than 
this, thoroughly understood the motives and meaning of every 
part, that I could see either beauty or design in them. Nor do I 
think this ought to surprise any one, who recollects how short a 
time ago it is since every man of taste thought it necessary to 
characterise the Gothic style as a barbarous jumble of ill-connected 
incongruities, which our fathers— not even our forefathers- 
mutilated without mercy, and thought it the greatest merit to 
hide and obliterate whenever an opportunity occurred. By de- 
grees we came to understand the style, and by deep study of it 
found out that pinnacles, buttresses, banded shafts, and other 
peculiarities, which iHi far from being mere barbarous caprices, 
were motived elenieuts of construction; and when once we were 
familiar with the details and understood the construction, aU was 
beauty and order, where only deformity and caprice seemed io 
exist. So it in with these Indian styles; a man must be familiar 
with the climate and the people w-here they are found, must under- 
stand their manners and religion^ and must familiarise himself 
with all the peculiarities of the building, before he can either 
appreciate or admire them. Once, however, he is educated to 
thi;4, 1 think he can scarcely fail to perceive lieauty, rising^ some- 
times to sublimity, in the immense colonnades, and in the massive 
propyla and spacious courts of these temples, all of which are 
C4jnstructed on well-defined principles, and all consequently pro- 
ducing the effect the architect designed they should prodaoe on 
the spectator. 

I have learnt to admire these styles in their own country, kod 
do admire them in many respecta; but I should be sorry if any 
one should interpret this espression of admiration on my part aa 
if i were recommending them as models to be transplanted to this 
country, or as containing anything that could be successfully imi- 
tfited here. On the contrary, the lesson which the study of theae 
exotic styles seems to me to teach, is diametrically opposed to this, 
and goes' to show that every age and every climate has its owa 
ap|iropriate style, beautiful and appropriate when so uaed, but 
absurd and incongruous when either transplauted to another 
climate, or copied in another age. 

Anuther lesson^ which a very alight study of the«e styles would 
convey, is the knowledge of the infinity of forms into which stone 
may be wrought for building purposes. For nearly two centuries 
rill Europe believed that the Roman forms were the only onea 
capable of producing architectural beauty, and consequently, from 
the Reformation till the beginning of this century, no other details 
w^ere used, though their incongruity was freciuently ludicrous, 
Stuart and Re vet t, and their followers^ taught us that we had been 
copying a corruption, and we in consequence found out that pure 
Greek details were the only ones worthy of notice. We have noi 
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Bsferred our affection tii Italian ami G^^Uiic, A lar^^e \'iew, 
r«ver, of the question, and one to wliich I conceive the study of 
Indian^ the Saracenic, the iXIexican, ^nd all the other exotic 
/les would inevitably lead, would shtiw that the forms of archi- 
t6eture are not confined to three or four siityle?<, but are infinite, 
md so far from beinc- exhau&ited by tho*e who have gone before u% 
go as to reduce us of necessity to the mere rank of copyints, as has 
been often asserted, ^nd would prove we do not yet stand beyond 
the threshold of invention in this branch; hot that new forms 
vpring forward at the bidding not only of every cultivated man 
who thinkn, but even of the savage or the half-cnilised man, who 
tries to expre^ii^ in stone the idea with which he is fiOed. 

The most important lesson, however, that fan he derived from 
the study of these monoments arises from the fact, tliat they are 
built by persons who seldom can read or wrile^ and who never can 
draw, in the European sense of the term at least, and for a people 
who have neither a written literature nor history of their own, — 
who have no int^titutions worthy of the name, and whose reli^itui 
is one of the grossest superstitions that ever disLn-aced humanity. 
Yet these people could invent and perfect a style of their own, 
which should not only express their own feelings and civilisntinn, 
hut convey to posterity a hie^her idea of that civilisation than we 
can obtain from any other source, and which we with all our cuUi- 
iration mui^t be content to admire, hut have not yet dared to emu- 
late. 

RemarkM made af iht Meeting after the remling nf the foregoing Paper, 

Mr. Fbeususson biivtng cnncSitdtid his paper, the ChairtDun, Mr. Smleo, 
and olb^r Members, put tereral qjuestions to Mr* Pergiiaana, irbo cvplaified, 
Ibtt in nine c^tes outuf tenr&ll the upper part of the vimana, above ihe ^nt 
iloiy^ fiu a intft of lolid brickwork. There were tmalL cbAmhert in eaeb 
llorj; but they were not u»ed for any purpoBfit and were obviouily maiie 
far the ohjeet of lavtng; materiak Aecttsa to ihi^m might be obtained by 
bidden ttaircaaea. No ikill in coaslrut-'tiiin was exhibited; it wat a mere 
piling up of miieriaJ. The inn m ease atones oied ia building the gatewayi 
wen r«ited on end or placed across, simply hy force of the imm^mie num. 
bm ol liaodt eiDployed. They covered the atone to he raiiied bke ants, and 
by taaerting h«ml>oot after the manner of wcdget, literally '* above " it up. 
He could not oae a more dignififd term lo d«^icnbe tbe operation. There 
wai a column 60 feet \n height erected at Seringapatami in memory of Sir 
Datid BaJrd : it waa pat tip in Ibis way. There were no i»dkationB of Ihe 
arcb in i\\e%t^ tarred baildinga, 

Mr- TiTE, — The lecturer baa described tbii architecture ai being nf a 
Hisrvcier *tii geaerii^ and 1 am quite of \m mimL At the tame time I muat 
lay that I have been murti in teres ted by tbe beautiful drawings of Centru] 
JtTnenca I prepared by Mr. Catberwood, a member of the [nittitute; and I 
kiTC been led by the extraordinary character of the ruins depleted by him, 
trt endeavour to trace the people to whom they are to be attributed. Philo. 
Iiff ical analogiea are quite at fault. The language of the peoplE-, and thai of 
tlie other racea of India are entirely different. Now I cannot help fancying 
Uiat I ean aee a great similitude between the sketches now »ubmitLcd to us 
tad thoae of Mr, Catberwood. The Mexican architecture is akin to that of 
YaMtA0( And the characteristics of the latter may be traced in that of Ja^a. 
ilia uniJoubtedly an immenie distance from the loutb-eaat point of Hindo- 
•taji, ibe arciiiieciure of which haa Ibis evening ao ably been brought before 
ill and tbe totally different character of the languagea — they bating no 
\ root — a sliil greater obstacle. Yet 1 think this may turn nut one of 
t, io which the eompiratively imperishable cliaracter of arcbitec* 
ill aid us more in tracitjg the coBnectioti of laces than eten 
Sir Stamford Rat^r^g descrilies the templtri of Java in be pyra' 
like those of Southern India. That is the ease ahtiin Mexico, 
__ r betiig placed on the top» and tbe carcases of tbe victims thrown 
I the steps, ft may he after all^ that these resemblances are only those 
1 by ihe common fequirementsi of a similar climate, I agree with Mr. 
on that tbe suppoaed resemblance n| the Egyptian architecture is not 
I csntiaideration. It arose no doubt from the wonder of the sej,>oys on 
J Egyp* » hut an uneducated eye would fancy a resemblance, where 
tlvt of an inslracted person would at once decide that there was no real 
bbUnoe at ail. There is nothing in the architecture of any of these 
tolci to aoggeat a belief that they are of enontmus age. Despite the 
■t iMOfiDOBntable difficulties that present themsetvea, I caunot help 
thai there was a connection between tbe widely >cparpted races, 
illy and philologieally speaking, by which these buildings were 

RKRGtTSSOi*. — Javanese architecture is acknowledged to he Hindoo. 

' the Hindoo architecture well, arid when t was in Java I satisfied my- 

r the fact. With regard Io Mexican architecture, V can only say, thai 

Sit cmrefulij over Mr, Catherwood'a drawinga with him, and we agreed 

Asl bad no reseroblanee to India j all tbe similarity arises from their being 

infarude style generally^ with details most eiuberant, — the charac- 

o( all rude atylea. The religion of the Mexicana is totally different 

hat nf Imlia; tbe latter baa iiol human sacrifices, and in fact no 

They have pyramidal gateways, but altari tbey bave none. In 




the one ease the tacrifices took place always in the tight of the people \ in 
Ihe other tbe rites are performed aecreily inside the temples. In Java, tbe 
religion is in fact a branch of Buddhism from the Indian cnntioant. 

Mr. BiLLii^GB thought tbe models exhibited had a striking general resem- 
blance to the pagodas of Ihe Chiueae. We bad long prided ourselves in 
England as the originatora of the four-centred arch, but iji the drawinga now 
exhibited there it was. 

Mr. FAnson thought the paper just read proved that Ihe inhject waa 
one which the governm«iOt of a great nation Uke England would do well lu 
lake up: particularly la our connection with India waa ao close. With 
regard to ttie architecture before them^ he aaw io aooie of it a resemblance 
to the Greet and even to the Roman tombs. 

Professor Cqcke&kll was anxious to acknowledge the great advantage 
the lecturer had conferred on the Institute, by making known this new 
family of architecture. It waa an interesting fact^ that at tbe extremity of 
this iMsninsula there should have arisen a people, whose architecture was so 
different from all othera known. With regard to the peculiar character of 
the present architecture and its analogies, be muat aay, that he thought thn 
difference of climate was productive of most of the diatinctivc features of thn 
■lylca of different countries. The Jewtah temple, for instance, waa built in 
a climate which required those extensive porticoes; and accordingly in Ihe 
temple there was the inclosure and the portico; and in tike manner, in Ibis 
extraordinary grouping of Indian architecture, a similar arrauj^ement was 
united, and hence the halls of a thousaud columns. liuman n^iture was tbe 
same in every climate, and tbe same feeling which made the Kbrine of t>ur 
Lady at Lorelto to he visited by pilgrims from all parts of the Christian 
worid, was traceable in tbe small temples of Iniiia, which, having acquired 
the odour of a peculiar sanctity, becatoe large lemplea surrounded by many 
walls and dignified by many columna. A most instructive study would be 
that of modds of the temples of all religions in tbe wuf Id, by which the 
similaritiesof all would he brought out, and their dltferencea traced to their 
various causes, and particularly In reference to the climate. They had all 
reason to thank Mr. Fcrgusson, for the clearness and completeoeas of the 
account he bad given of this eitraordinary architecture. 

Mr, FowLKu reminded the meeting that one of its honorary members, 
the Rajah of Tanjore, had pr<»8entert them with drawings of these very tem- 
ples, lie supported tbe views of Mr. FAnson, with respect to the duly of 
tbe Government, or of tbe East India Company, to take up the subject. 

Mr. Godwin informed tbe meeting, that the local pipers of Irtdia bad 
became strongly (ilive to the importance of the suHjectr and Ihe East India 
Company were doing something for the preaervntion of these relics of de- 
parted pieneratinns. 

Mr. Fbboussoi^ said that the Ea?"t India Company bad taken 40 copies of 
hie work on India, and in coHSfquence of that publicaiioo, ordera had been 
sent out to employ persons to make copies of all decaying remains, ere they 
disappeared allogetber. This was done with some ardour until tbe wars put 
a str^p to the work. Capt. Gill, however, had been three years at work with 
a large staff, making copies of the celebrated frescoes in tbe Ajuuta Caves* 
Thirty or forty large paittttuga, representing the manoera and cuntoms of tbe 
people during'the last 1200 years, bad been received at the India House. 
They were facsiiuiles of the paintings in the caves. Tbe work was now going 
on slowly, but would, he hoped, ultimately present a complete illustration of 
most of tbe monuments of the past existing in India. 

Mr. PAPwoaTH inquired whether, as Mr. Fergusson hfid in his former 
lecture spoken of five styles, there was any evidence of the duration of each ; 
and whether the character of the religious worship waa impressed on the 
temples. He should also like to know, whether the work of Rain Raz was 
valuable or not. 

Mr, FEBG0390N said there waa no difficulty io determining the age of the 
works, for ibe further they went back the more perfect they were in respect 
to the carviirg. The buildings u«ed for temples could not be mistaken for 
anything else. In the estimation of a native, the newest, the latest built 
edifice was always tbe most handsome and the best. That was ibe chief 
fault of tbe work of Ram Rai j but with that exception, and also some geo- 
metrical defects in the drawings, the work waa valuable. U had however ao 
delaila to vibicb au European cauld work. 



ENGINEERING PROGRESS. 

The Institution of Civil Engineers having elected Mr. Williain 
Cuhitt as their President, that ^eiitlemari, according to custom, 
hm delivered an inauprural address (January 8); wherein he takes 
a rapid but interesting review of the chief engrineering triumph'^ 
of the past yeiu-, and points out the new fields of usefulness 
openiiijar up ta the inventive powers af man in the mechani&al 
sciences. ^ r j » ■ 

After thanking the memhers for the honour conferred on him, 
and modestly attributing his eleeticm to the fortuitous circum- 
Htance of his being "the senior Vice- President in duration of 
office," rather than to any peculiar fitness on his part, he proceeded 
to direct attention to some matters renting to the internal policy 
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of the Institution, and proposed that the eveninir meeting* »hould 
tem^iDate at half-pnst nine o'clock, in ortler to afford an op port u- 
nity for the members and viBitors to assemble in the libiury, and to 
oblMin those personal introductions to each other which constitute 
one of the great advantages uf all societies. 

He then announced, that the Council had, with gr^at pleasure, 
acceded to the recommendation of the last Annual Genend Meet- 
ing, and had invited Mr, Walker, Sir John Rennie, and Mn Field, 
the past PresidentH^ to take their seats at the Council tahle, in tl^e 
Council-room, and in the Theatre, as^^Honorarv Cuuncillors," and 
that, in future, all thoae members who should fill the p^sts of Vice 
President and President consecutively, holding the latter |io«ition 
for two years, should be considered "Honorary Councillors"; ex- 
pressing a hope, that the past President?! might long be spared, to 
continue that assistance from which the Institution hau already 
reaped so much advantage. 

He then announced, that, as the representative of the Institu- 
tion, he had been nominated a member of the Royal Commission 
for the promotion of the Exhibition of the Works' of Industry of 
all Nations, under the auspices of H.R.H. Prince Albert, and re- 
(juested the aid and cordiid concurrence of all the members in that 
*'real Peace Congress/' 

Mr. Cubitt then pruceeded to' notice the urinctpal engineering 
works now Jn progress, or lately completect, as arranged under 
their respective heads, as f<.»llows:— 

Tubular BHdg&r. — Although during the past year there has not 
been so great a demand for the talents, or the energies of en- 
gineers, several remarkable works have been finished, or have far 
advanced towards completion; 1 will allude briefly to a few of 
them, and if others of importance escape notice, it muet be attri- 
buted to the engineera not having brought accounts of them he- 
fore the Institution, or even incidentally mentioned them in the 
discussions. Among these, the tubular bridges across the river 
Cunway and the Menai Straits, are pre-eminent, for the boldneas 
of the conception, the scientific simpJicity of the design* and the 
difficulty of the execution. In tracing the original idea of the 
most advantageous disposition of a certain amount of material, 
in a tubular form; the more definite conception of a hollow beam, 
to permit the passage and support the weight of an engine and 
train; the experiments for determining the proper distribution of 
the material, to prevent compreasjun^ or disruption; the arrange- 
ment for the construction and building up these gigantic masses 
of material; the means of floating them to their situation!^, and of 
raising them to their ultimate destination, at an elevation of 102 
feet above the sea (at high water of spring tides); — we must feel 
justlv proud of possessing among us the man whose comprehensive 
mind could originate this magnificent design, and so successfully 
perform a portion of the work as to leave no doubt of its nltimnte 
acfomplishmeut. The world already duly appreciates this great 
undertaking, and we should not be behindhand in testifying our 
estimate of the bold conception of Mr. Robert Stephenson in the 
original idea, his professional skill in the design and execution, 
his care and caution in availing himself of the talents and expe- 
rience of Mr. \V. Fairbairn and Mr. Eaton Ilodgkinson, whose 
scientific investigations respecting the strength of cast-iron, are 
so well known to the world and so highly appreciated by our pro- 
fession, and his intrusting the general construction and elevation 
to Mr. Frank P'orster and Mr. Edwin Clarke. Upon the merits of 
all these gentlemen we may look with pardonable pride and par- 
tiality; their labours speak for themselveB, However advanta- 
geous may be the results of this construction, in facilitating an im- 
portant communication I shall have occasion to allude to here- 
after, it hag already been extremely useful in directing attention 
to the more general employment of wrought iron for the purposes 
to which it had not previously been deemed applicable ; and it will 
be found that its introduction to structures of all kinds will he- 
come more common, exactly as the method of using it becomes 
better understood. 

liepfjrt fm Iron, — May I here be permitted to diverge for an in* 
fitant, in order to direct attention to a sulgect of considerable im- 
portance to the |irofeK8ion. In the year 18i7 a commission was 
appointed (of which I was named a memlier) for the purpose of 
inquiring into the conditions to be observed by engineers, in the 
application of iron, in structures exposed to violent concussions 
and vibration; and for endeavouring to ascertain such principles 
and forms, and to establish such rules as should enable the engineer 
and the mechanic, in their respective spheres, to applv the metal 
with confidence, and should illustrate, by thewy and experiment, 
the action which would take place, under varying circunistancesj 



in the iron railway bridges which had been erected. Nuraer 
witnesses of great theoretical attainment and practical experien 
were examined before the commission, and a very interesting serie 
of experiments wiis carried on, for ascertaining certain points n 
lative to the compression and extension, the tensile and crushiij^ 
strength, the effect of statical pressure, and of vibration, concD» 
sion, &c. The result of this laborious investigation is (in 
words of the report, which is now before the public) that *c 
sidcrtng that the attention of engineers has been auffidentlT 
awakened to the necessity of providing a superabundant strengtn 
in railway structures, and also considering the great importance of 
leaving the genius of scientific men unfettered for the dev^eloproaal 
of a subject as vet so novel and so rapidly progressive as the i 
struction of railways, we are of opinion that any legislative i 
ments with respect to the forms and proportions of the iron i 
tures employed therein would be highly inexpedient.' It woulj 
foreign to my present purpose tu enlarge upon the importjuice of I 
this decision; but 1 must recommend the Report to your carefoll 
perusal and consideration. 

The Harbours of Refuge now in progress are works of national 
utility. Those at Dover and in the Channel Islands, by Mr. 
Walker, deserve particular attentitm. The former has already 
produced extraordinary effects on the litoral currents and in the 
movement of the shingle on the coast, and the latter will afford 
protection ti» the storm-driven mariner, where he before expected 
only danger and death. The Breakwater off Portland Island U 
importjint, not only as utilising one of the finest bays on our coast^ 
but also as an immense engineering work, intended to be executed 
almost entirely by convict labour, and on that account it was 
necessitry to render its construction as simple as possible. Thit 
has been achieved by Mr. Rendel, whose design is to form alon^ 
the site of the intended breakwater a timber staging, carried upon 
screw piles; on this will be laid railways connected by inclined 
planes with the quarries on the hill, whence the trains of stones 
will be brought, nnd their contents be distributed simultaneously^ 
and in regular thickness over given areas, enabling a careful ao- 
mixture of large and small materials to be effected, and the whole 
mass to rise gradually t(* the surface, and being thus self-support* 
ing, to prevent the washing away of the materiak, which has Veen 
experienced in other works of a similar nature. The harbour at 
Holyhead, and the new docks at Leith and at Grimsby, also by Mr* 
Rendel, do equal credit to his compreheosive designs' and his exe- 
cutive skill. 

LighthotLS€S.—^ln conjunction with these maritime works may be 
mentioned two lighthouses, both possessing remarkable features. 
The first is an iron structure, erected on the Bishop's Rc»ck, by Mr. 
Walker. It is situated about 30 miles from the Land's End, Corn- 
wall, and four miles due west from the St. Ag-nes Lighiliouse, 
which would prtibabiy not have been constructed had our anoestorv 
possessed l!ie modern facilities for the execution of works of this 
nature. The position is more exposed to the force of the Atlantic 
than the famed Fddystone Lighthouse, and the surface of the rock 
is of such an outline as scarcely to admit of a solid building. It 
was therefore determined to erect such a structure as should offer 
little or no opposition to the waves, and bear a light at such an 
elevation as to render it extensively usefuh Six hollow cast-iron 
columns, with a strong bar of wrought iron in each, sunk to the 
depth of five feet into the rock, forming at the base a hexagon 30 
feet in diameter, and tapering upwards, support, at a height of 
about 100 feet, the dweDing of the three light-keepers, with stores 
and provisions for four months, the whole being surmounted by the 
hrntern. The access to the dwelling m by a centre column of cuct- 
iron, containing a spiral staircase. The difficulties overcome in 
the execution of this bold design can scarcely be appreciated with- 
out a more detailed account of it, which, however, I trust, wlU be 
laid before you during this session.^The other is a stone %ht- 
house, called the Skerry vore, erected by Mr. Alan Stevenson, on a 
small desolate rock situated about 11 miles W.S.VV^ of the island 
of Tyree, and 90 miles from the mainland of Scotland. The rock is 
expoised to the fury of the North Atlantic, and is surrounded by 
an almost perpetual surf. The talent and perseverance oi the en- 
gineer enabled him, however, to complete, without loss of life or 
limb — great as were the difficulties he had to contend with — a 
structure far exceeding the dimensions of the famed Eddy stone 
and Bell Rock Lighthouses, their relative heights being — the Eddy- 
stfrne, m feet; the Bell Rock, too feet; the Skerry vore, 138 ft, 
ti in. The difficulties of the construction, the merits of the struc- 
ture, and the system of lighting, are m fully described in Mr, 
Stevenson's published account uf it, that it is not necessary for me 
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more thsn to point to it, bs one of the remarkabte works of 
day of which we have justly reasmi to be proud. 



Stmim ^*a Virion great efforts have been made by some of 
I priaeinai mttrine engineer htid the builders of wood and iron 
•la. The result haa been the produotion of four steamers, 
I enpnes by Momts. Seaward, Miller, Penn, and Forrester, in 
eU built respectively by Messrs. Mare, Miller, Thompson, and 
d, for conveying- the mails; and an equal number of engines 
' MesnTH^ Maudtilav and Field, Forrester, and Bury, in veMels by 
■rs. Wi^fniTn* Sfare, Laird, and Vernon, for carrying passen- 
I between Holyhead and Dublin, which have attained the speed 
rly 18 miles per hour, and accomplish the pawsEige, on an 
«, ill four hours. By these means when the Britannia tubular 
} is completed, the journey between London and Dublin may 
omplished within II ^hoiirs. This Is an extraordinary ad- 
' upon the opinions of only a few years since, when it was re- 
ft to be possible to perform the same distance in I i hours, 
\ excellent machinery of Messrs. Maudslay and Field, and of 
Mrs. Forrester and Co., in the iron steamers built by Mr. C. 
Ifere And Mr* J. Laird, have also contributed mainly in accom- 
■Birfitiig a journey to Paris, as we have recently seen it performed, 
r in ei|rht hours and a half; giving a death -blow to the onerous sys- 
ifem of passports, which hitherto interfered so materially with 
'that free and unrestricted communication so essential f*ir the mu- 
tual benefit of the two countries. In the accomplis^hment of this 
rapid communication with Paria, I may be permitted to feel som 
pnde, asi, in my capacity of engineer of the South-Ea*itern, and in 
my profest^ional connection with the Boulogne and Amiens rail- 
ways, the possibility of expediting the intercourse between the two 
capitalfi constantly occupied my mind; and so long ago as in June,, 
1913, before the present fast steamboats were placed on the sta- 
tion, I undertook and accomplished the task of conveying the di- 
rectors and their friends from London to Boulogne* and home 
afiin, between 6 o'clock in the morning and 10 o'clock in the even- 
ing, with a sufficient interval fur a public reception at Boulogne, 
Among the builders of steam- vessels, Mr. Scott Russell must be par- 
ticularly mentioned, for the successful investigation and applica- 
tion of the wave lines to the forms of vessels, so that the curves of 
kist disturbance c^n at once be adapted to a vessel the ultimate, 
or greatest velocity of which has been previously determined; and 
thus high sjpeedti, and easy motion through the water, can be at- 
tained; whilst a given immersion is arrived at with certainty. 
These points were remarkably shown in the MnneheMer^ a vessel 
for carrying passengers across the H umber, at New Holland, and 
with its consort steamer the SheffieM^ constructed by Messrs. 
fiennie, becoming as it were floating bridges, comnleting the line 
of th« Maachester, Sheffield, and Lincolnshire Railway, and con- 
veying the contents of the trains, from point to point, at a speed 
of »bout sixteen miles an hour, 
Iq connection M'ith this railway must be mentioned, the large 

Citoon, recently built by Messrs, E. B. Wilson and Co, (of LeedH), 
m the design, and under the direction of Mr. John Fowler. 
This immense iron vessel, which is four hundred feet long, iifty 
feet wide, and eight feet deep, with a deck area of twenty thousand 
iqiiAre feet, serves as a flouting landing stage, for these fast pas- 
ittge gleamera, rendering the railway trains independent of the 
tiae, and of the muddy shores of the llumber. 

The deck -area of this lauding stage is about half that of a some- 
what similar structure, built a short time previous, from my 
dcaignsLf and under my direction, at Liverpool, and of which a 
description and drawings will be prepared for an early meeting of 
the Institution; as an earnest of my intention to practise what I 
have ventured to impress upon all those, who not only possess the 
information, but the power of imparting it, for the benefit of their 
profesttional brethren. 

A number of fine steamers have also been constructed, for the 
Government, for private comoanies, and for foreign States, In 
which the beautiful engines of Jlaudslay and Field, Miller, Seaward, 
Penn, Napier, llennie, and others, have fully maintained their 
European reputation. 

Halt waif 0.^-'rh\s incomplete sketch of a few of the engineering 
w^orkii «»f the past year, leaves untouched that vast suliject, the 
KjiiUny System, towards the completion of which, much has been 
'^hed within the last twelvemonths, without that public 
it which accompanied all its former progress. There are 
t "^ rjruriv five thousand five hundred miles nf railway completed 
in Cireat Britain, at a cost of about two hundred and twenty mil- 
lions sterling, which immense sum, derived from private t^ources, 
h^M b«en expended within the realm, encouraging m an extraordi- 



nary degree, productive industry of all kinds, and inducinga revo- 
lution in all mercantile transactions and social relations. The 
Steam Engine and the Power Loom have been regarded by the 
sober-minded political economist, as the real sources of the power 
and influence of Great Britain, and though the gallantry of her 
hardy son«, both in the military and naval services, may have been 
more puhlicljr apparent, and were, in fact, inestimably valuable 
when called into action* it is the productive classes of this country 
that constitute its real strength. The example of England, in 
boldly abandoning the finest roads, and adopting throughout the 
length and breadth of the land, a network of iron ways, over which, 
by the aid of steam, passengers and merchandise are conveyed at a 
velocity, which, at its first proposition, was by the world deemed 
worse than visionarv, first filled our continental neighbours with 
astonishment, and then compelled their imitation, so that within a 
few years, by this new power, the relative positions of the conti- 
nental states are changed, and the ultimate effect must be to intro- 
duce wants, and consequently civilisation, to the most remote 
corners of the earth. 

If this be true, we are naturally led to inquire who were the 
authors of this great revolution, what minds conceived, and what 
energies executed these vast projects, thwarted and controlled, as 
they must have been, by vested interests on the one hand, and the 
necessity of urging into action a whole nation, before such a mo- 
mentous change could be effected. The reply. Gentlemen, must 
spring spontaneously from you all. The Civil and iMechanical 
Engineers have been the great actors in this most interesting 
chapter of the social history of our country; and if we may look 
biicK, almost with reverence, to the sptendia careers of Arkwright, 
Brindley, Smeaton, Jessop, Mylne, liidph Walker, Dodd, Hatt, 
Telford, Rennie, and a host of other illustrious names, we may 
vrith equal pride look arnund upon the men of our own time, whose 
voices have frequently been heard within these walls, instructing 
and urging us onward in the course they had so successfully fol- 
lowed ; some of them are removed from us, but the names of 
Rennie, Walker, Stephenson, and Brunei, are yet here, and they 
have left worthy scions to complete the works they so nobly com- 
menced. One great duty the departed have enjoined on us — the 
record of their works and of our own; and let us remember, that if 
we desire to hand down our names to posterity, as useful members 
of society, it is* our duty to render this Institution the depository of 
the accounts of our works, that the future historian of this event- 
ful age, may find in our archive;*, not only accounts of the works 
themselves, but of the men who conceived and accomplished them, 
and to whom their country is so deeply indebted. 

For the junior members of the profession, many of whom have 
already given indications of talent and power, auguring well for 
their future fame, a wide field is opened iu the sanitary question, 
which embraces the subjects of the drainage and sewerage, the 
paving, lighting, and cleansing of cities and towns; the more 
copious and less expensive supplies of water and gas; and, in con- 
junction with the architects, the improvement of the dwellings uf 
the labouring clashes; the establishment of baths and wash-houses; 
and the intr(»ductton of abattoirs. 

In this latter portion of the question, the railways should act an 
important part; for if their establishment has created a wish, or a 
necessity for travelling, anil jsroduced great changes in.commercial 
transactions, by rendering unnecessary the intervention of a third 
person between the manufacturer and the tradesmen, it would 
appear feiisible to use the same fFicilities for bringing up from tlie 
country large supplies of animal food, ready for sale, instead of the 
living animals, to be slaughtered in a crowded city, and introdu- 
cing noxious and unhealthy trades, for using up those portions not 
fit for food. If, as we have been recently Informed by the jour- 
nals, there be a great discrepancy in the prices of food, between 
Ltmdon and the country towns, the aid of the railways should be 
invoked, and the same producers should be glad to avail them- 
selves of an opportunity of supplying the metropolis, in auch a 
manner as would soon equalise the general prices. 

The engineers have always been the real sanitary reformers, as 
they are the originators of all onward movements; all their labours 
tend to the amelioration of their fellow- men; and though in times 
past the introduction of machinery was looked upon witk jealousy, 
education has now happily caused a more jut*t appreciation of their 
labours; indeed they would deserve the highest encomiums if only 
for the application of steam, which, in production alone, now repre- 
sents the power of forty millions of human beings, who, even if 
they had been able to perform the labour, would have been degraded 
by It to the level of mere animals, instead of thinking creatures, 
sent each to perform his part in the complete system of social life* 
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The liear? demands on tbe invention and skill of engineerg, in 
the construction af railway works, durinji; ]m»;t yearn, hitve left but 
little time for the devotion of their ener|ories to the improvement 
of the mechunical and commennal working of llie lines. A wide 
field is, however, no*v opened for the exercise of professional skill 
and ithility, in perfecting' the applicationt^ of tractive power, mid all 
the macliinery of railway plant; «od it may be rea«^onahly expected, 
that the opportunities tho« atforded to railway^ companies, of 
bringinsr the highest engineering skill of this country to bear upon 
these queslionis, mny not only produce great economy in the work- 
ing tx pen ge;*, and greater efficiency in the general plant, hot lead 
to radical improvements in the cooiftruction and maintenance of 
the des>tructib]e parts of the (^^o called) *'*' permanent way," and 
thus «et at rent the question of ilepreeiation — a desideratum which 
i^ now felt to le of almost vitnJ importance to railways aj* an 
in%eatment, 

I feel. Gentlemen, that, hurried and imperfect as this sketch 
may be, the s^ubjects have carried me far beyond the liniilK 1 )i»d 
originally intended; and i mu^t request your iiididgence for 
having occupied »o much vattinble time. You will not, hf)wever, 
find me bo tre!«pass upon you again; and, with reiten^ted thanks 
for the honour you have conferred on me, I will at onci? enter «m 
the duties of the office, and proceed to the regular routine of the 
evening meeting. 
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authorities^ and its practical operation In many porta of the United 1 

Kingdom and other countries. The pret^ent improvemaot^ on iij 
increase these advuntHgcH in an eminent de|^ree> Thev cansi»iiii I 
the liiuhistitulion of improved hydraulic porcha^ macJiinery, iii- | 
steail lif the sytitem of wheel- work at prei»ent in use, and 
the following recommendations: — 

1st. That the improved machinery can be laid down for leu than ] 
one-half the cost of the present machinery; for very large altpi 
mtich less, 

2nd. Ships will be taken up at double the speed, as but a very 



ing self-acting, no time is lost by stopping it ta 



small proportion of the power is absorbed by friction; and, from 
the machinery being self-a< 
take a fresh hold. 

3rd. The motion in drawing up a »hip is so perfectly smooth and 
uniform, that no part of the carriage or ship is exposed to any 
undue strain. 

4th. it occupies little space^ is not subject to breakage or d^ 
rangenient, and the same foundation does for both purchase ma> 
chinery and steam-engine. 

Dejteriptwn, — The engraving, fig. I, is an elevation of the pur- 
chase machinery, in which A, represents a hydraulic cylinder, fas- 
tened securely to a firm foundation at tlie upper end of the slip. 
It is fitted with a m4«venhle ram B, working tlmiugh cupped lea- 
tht^rs lit the neck, 7' wo side rods, d^ proceed from a crosiJiead on 
the end of the ram, along the tticles of the hydraulic cylinder to 
ani»thercrossheiid E, where the traction rods are fas-tened, connect- 
ing it with the carriage on which is the vessel to he drawn up OQ 
the inclined plane, as renresented in tig. 2, on a smaller scale. The 
traction rods are eacli of the same length as the ram. F, is the 
cylinder of a ;»te»m-engine with it8 connecting-rod communicating 
a rotary motion, by means of a crank, to the shaft ff. On the shaft 
are other cranks for giving a reciprocating motion to the plungers 
of two or more pumps H« A dy-wheel c, on the shaft regulates the 
motion of the m hole. 




the Blip IS then put in action. The ram of the hydraulic cylinder 
is supposed to be at the beginning of its stroke, its crosshead heing 
down at the top of the cylinder. By the action of the piston of 
the steam cylinder F, the cmnks on the shaft are made to revolve^ 
putting in motion the pumps H, which abstract water from as ad- 
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r reservoir, and force it into the hydraulic cylinder. The 
r thereby made to move steadily up out of the cylinder, with 

) in coxji]}arison with the steara- engine, as the area of the 

J pumps to the area of the ram; and, by means of the side- 

tf, communicates the motiou to traction^rodB connected with 



iag'e, which, with the vessel on it, is thus hauJed up on the 

cvHi! ' 
extent/ or completed it« stroke, the traction-rod (being the 



fcf the fllip. When the ram has moved out of the cvHiider to 



I length as the stroke) neareiit the top is removed* At the 

ae time self-acting appHratus gliuts the cock k^ for admitting 

Iter from the pumps into the hydraulic cylinder, and opens an- 

ifber/, for the eduction of that which has been forced in, whilst a 

uller M, on the ^haft is put into ^ear and wind« round it a rope or 

[chain n, proceeding from the croiishead of the ram, and speedily 

^brings back the ram into the cylinder to its former pijsition, ready 

to tuce a fresh hold* The next traction-rod of the purchase chain 

b ooir attached to the cros^iheud £, while the self-acting apparatus 

is reversing the cockii, and putting the windtng-up roller out of 

gear* The same action as before again take^ place^ und the ram 

moves up to the end of its stroke, when anotner traction-rod in 

knocked off, and the ram returns to be attached to another. And 

^^io on, by a succession of these movements the carriage, with the 

^■ship upon it, ik steadily and quickly drawn up on the slip to the 

^Vdi^tance required. 

^V U'hen not employed for hauling up vessels^ the steam power 
^H may be rendered available for working circub^r saws, grindstones, 

and other apparatus required in ship-building vardH. 
I The foregoing repreisents «team an the motive power employed 

Ifor working the hydraulic purchase, but, nf course, if preferred, 
Imanual or other power may be substituted with bimilar ad van- 
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GREAT SUSrENSIOiV BRIDGE IN RUSSIA. 

Considerable interest has been excited in St. Petersburgh by a 
remarkable model of a 8ii!?peuRion bridge ucrusd the river Dnieper, 
at Kieif, one of the principal cities of Russia. This model was 
made in London, where it was exhibited to most of tlie principal 
engineers and architects. It has since arrived in St. Petersburgh, 
and has been put up in one of the grand saloons of the Winter 
Palace, where it was formally presented to his Imperial Mnjestv 
OQ his/* /f day (18th of December), by Mr. Vignoles, the Englinii 
engineer, from whose designs, and under whose immediate direc- 
tions, this bridge is now constructing. 

The Dnieper is one of the largest rivers in the Russ^ian enipire, 
in the vicinity of Smolensko, and flowing in a southerly 
ion it enters the Black Sea, to the eastward of Odessa. In a 
geographical sense, the Dnieper may be considered as the 
rasternmost boundary between Russia Proper (or Muscovy) and 
the great kingdom of Poland, which once extended westward 
nearly to the Giant Mouutiiins of Bohemia, south witrd to the Car- 
pathians, and northward to the Baltic, The principal city entered 
Dy the Dnieper in its long course to the sea is Kieil, celebrated in 
history as the first spot whereon Christianity was planted among 
the barbarous hordes then leading a nomadic life over the steppes 
of Russia, is well knoi^n also as an important militiiry frontier 
po«t, alternately possessed by the Poles and by the Muscovites, 
and at present rising into great importance as the capital of the 
fouth of Russia. 

Kielf is most picturesquely situated on the right or southern 
shore of the Dnieper; it covers a great extent of space, with nu* 
merou^ public buildings crowning the many heights of the undu- 
lating ground on which the city is built. The general a>ipect of 
the city is very striking, and the impression on a traveller fr*jm 
the western pans of Europe is that which he would expect to re- 
ceive ou first viewing some Asiatic capital. The commercial part 
of the town, called the Podol, lies on a low plain at the western 
extremity; the rest of KiefT is elevated from ^WJ to iJ(5n, and even 
400 feet above the level, ovtrlociking all the left or uorthern shores 
of the Dnieper, which are low and ilat marshes, extending for 
many league^^ above and below Kieff, and from one to two leagues 
iride. In the spring the whole bec<>mes a kke, as the waters rise; 
the only approach from the north to Kieif is along a causeway raised 
above the level of the floods. It is from the end of this causeway 
tiiat the suspension bridge ia thrown across the Dnieper to the 
foot of the steep acclivities on the right hank. The river, which 
for several leagues above, has spread through numerous lateral 
channels, here unites into one deep bed, and presents the mu'ru west 



passage* This paflsage i», however, still half an English mile in 
breadth, the depth of the water, in a dry autumn, being upwards 
of 30 feet in the slreamway, and sometimes more than 50 feet after 
the melting of the snow in spring. Over this chasm, which once 
fi»rnied the barrier for Poland against the invasion of the Musco- 
\ites, the necessity of internal communication and the general 
march of improvement has called for the erection of a permanent 
bridge, and with enlightened policy the Emperor of Russia has 
ordered such a bridge to be constructed. 

The soil of the bed of the river being whollv of sand, and the 
current often changing its channel, considerable difEculties pre- 
sented themselves, while the tremendous hreriking up of the ice 
after winter followed by the melting of the snows in the more 
northern districts, swelled the stream to an extent scarcely conv- 
prehensible to the inhabitants of Great Britain. It became, there- 
fure, a necessary condition that the number of piers of any bridge 
to be built there should be the fewest possible, with the largest 
openings between them. Hence it seenied most natural that, with 
the mven limit of expense, the principle of a suspension bridge 
should be preferred, and the designs were so iirepared accordingly, 
and submitted to his Imperial Majesty. On \\r, Vignoles' urgent 
recommendations, the use of wire ropes as the means of suspen* 
siiin WHS negatived, and the adoption of wroughl-iron chains with 
broad flat links was decided on. Such was the system empk^yed 
for the Menai and Conway bridges in Wales, by 'I^elford; at seve- 
ral places in England; and also in Hungary, at Pesth, across the 
Danube, by Tierney Clarke. Ail these bridges, however, have but 
one central opening. The suspension bridge at Kieff has four 
principal openings, each of 4-40 feel, and two side openings of 225 
feet each, and also a passage of 50 feet on the right shore, spanned 
by a swivel bridge, opening for the passage of the steamboats and 
oiher river craft. There are, therefore, five suspension piers in 
the river, one mooring Hbutment on the left bank, another moor- 
ing abutment on the Kieff side of the stream (which, on account 
of the passage for boats beyond it, is actufdly an island of masonry 
in the river,), and an abutment for the swivel bridge on the right 
bank. Each of these have required a cofferdam of unusual sias© — 
particularly the two last mentioned. The architecture of the river 
piers is rather novel, and of a striking character, harmonising 
with that used in the extensive range of tirst-class fortresses which 
crown the heights of Kieff. The ways through the piers have a 
clear breadth of 28 feet, and a height of 35 feet to the soffit of 
the Feniicircular arches. The platform has nearly 53 feet of 
extreme breadth, of which 35 feet are exclusively devoted to the 
carriage-way; the platform is suspended by chains, all on the same 
horizontal plane, two on each side of the road; the footpaths pro* 
ject beyond the chains?, and are carried by cantilevers round the 
piers exteriorily, so that the foot passengers are completely sepa- 
rated from the horsemen and carriages. The chains are composed 
of links 12 feet burg, and each weighing about 4 cwt.; eiglit links 
form the breadth of each chain, and the total length meaj^ured 
along their curves being about four English miles. For the swivel 
bridge the iron emph>yed is almosit exclusively malleable; the 
breadth of the plattoriii is nearly 53 feet, and the weight of iron 
employed scarcely exceeds 100 tons. The bridge is moved hori- 
aon tally (on the same principle that locomotive engines are sent 
round ou the large turntables at a railway station), and by the 
efforts of four men only, acting on a very simple apparatus. The 
construction of the platform of the bridge presents several novel 
combinations of wood and iron, and is of extreme stiffness, to re- 
sist the violent action of the eddies of air in violent winds, which 
have so often injvired, and even destroyed, the ordinary platforms 
of suspension bridges in other places. ' The balustrade is remark- 
ably light and elegant, in ornamental panels of wrought-iron. 
Indeed, cast-iron has been carefully excluded from every part of 
the whole bridge, except where its use was really preferabk* or ab- 
solutely unavr*idable. The total weight of iron used in the con- 
struction of the bridge is about 3,300 tons, including the machinery 
used in the various stages of its construction. The whole was 
made in England, several of the most celebrated ironmasters and 
manufacturers having been engaged upon it. It required fifteen 
vessels to bring the iron to Odessa, whence it was taken up to 
Kieff in small wagons drawn by oxen, over the wild steppes, almo&t 
without roads, or jione that deserve the name. 

The quantity of machinery of every kijid employed in the con- 
struction of the Kieff bridge ia most enormous, and not less than 
nine steam-engines are in use. Two of these are large stationary 
ones, each capable of working up to a power of 50 horses; the rest 
are from four to eight horses' power, and can be moved about a« 
required. These engines pump water, drive piles, grind mortar, 
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hoist timber, iron, &c., ^niw loads, and perform a variety of other 
operations, in substitution of manual Ijibour, 

A temporary bridge, carryinij a railway, has been thrown across 
the whole breadth of the Dnieper, and is'connected by a self-acting 
inclined plane with the heights of Kieff, whence the great bk>cks 
<ff granite and masses of iron are sent down from the depots above 
to the works on the river. The great provision of granite, brinks, 
timber, cement, lime, field-stones, ^*c,, is very extraordinury, 
covering many acres of ground. A whole village of warehouties, 
oiHces, shop.s, shedi*, dHelling-houses for the superintendents, and 
comfortable cottages for the numerous workmen, have been erected 
on the left bank of the river, on ground expressly raised for the 
purpose above the flood level. A regular commissariat is attached 
to tne establjiihment, and the whole organisation of service is very 
complete. The bricks employed are very hard, and of a beautiful 
pale colour. Extensive quarries of granite vere opened in a great 
mitny places, solely for these works; but the principal supply and 
the largest and finest blocks are found nearly 100 miles from Kieff, 
jind are brought thither on buEock-ctitts, thiough a rough country, 
destitute of roads. Not the least remarkable part of the egtabli!*Ii- 
roent is that for the manufacture of the hydraulic cement required 
for the foundations and masonry. It is, in fact, an artificiid puzro- 
lano, made from a peculiar clay fotind in the Kieff hills, and pre- 
pared uri the principles laid down by the celebrated French en- 
gineer, Vjcat, in his recent publication. The buildings for this 
purpose are very extensive, being gigantic laboratories, where the 
operations are carried on day and night. Eight large roasting 
ovens, besides numerous grinding mills, are in constant action; the 
quantity manufactured is upwards of 300 bushels (or about 500 
cubic feet) in every ei hours. 

It must be reserved for a technical publication to enter into all 
the engineering details of construction of the Kieff bridge, as 
there cjin only be given here a merely general idea of the principal 
features of tnis magnificent bridge, which will he the Inrgest in 
Europe, the length being fully half an English mile, and covering 
an area of 100,000 square feet, being considerably mure than three 
acres. The works were first commenced in April IHIB, The ce- 
remony of laying the first stone took place in September of the 
same year. Eight large cofferdams were completed by the early 
part of 1K49; two of these having been destroyed or damaged by 
the spring floods, have since been entirely reconstructed. The foun* 
dations of the abutments and of tvro of the river piers were safely 
got in before the winter began, and all the foundations and coffer- 
dams have been secured by an extensive system of protecting 
works of mutt raJiJfe-ffiJ<i:i lies ^ liiid down according to the modern 
practice in Holland, by Dutch contractors brought purposely to 
Kieff by Mr. Vignoles. It is expected that the whole of the ma- 
sonry will be completed by the end of the season of 18.50, and that 
in the course of the autumn of 1851, the Kieff Suspension bridge 
will be finished and opened^ 

The causeway approaching the Dnieper from the northward, as 
before-mentioned, having been greatly damaged in the great floods 
of lHk5, will be put into sulficient repair for the roads on the left 
bank of the river. On the right bank, a fine new road along the 
shore at the foot of the acclivities leads up-stream to the commer- 
cial and other parts of Kieff, and down -stream to the present ferry 
and the lower fortresses. Another road will he formed ascending 
to the great military positions on the heights abov^e. 

The beautiful model of this remarkable liridge is on a scale of 
about j^ of the length of the actual work. It is the most per- 
fect thing of the kind probjibly ever designed or executed, and 
reflects the highest credit on Mr. James, of London, the modeller, 
and his cliief assistant, Mr. Suns, who, with another engineer, 
crime purposely from London to erect the model at St. Petersburgh. 
Every piece of wood or iron, every bolt, screw, and plank — and 
they are there by thousands — is represented in miniature and in 
the most perfect manner; the architectural details of themastmry, 
the interior arrnngements of the abutments, the moorings, and 
saddles of the chains, the machinery of the swivel bridge — ill are 
faithfully represented on the proper scale, and in due proportion. 
The proportionate scale of length being as 1 to 100, that of area 
is of course as I to 10,000, and that of cube as 1 to 1,000,000! 
and all the smaller pieces of iron are accurately put into the model 
in the latter proportion. The stand for the nitidel is of miihogany, 
supported on bronze Ionic pillar*, with gold ciipitals and friexe, 
forming a splendid piece of furniture, worthy even of the Imperial 
Palace. The water of the Dnieper is lepresented by a mirror, 
which reflects the under side of the platform, and the vdiole model 
is covered with a splendid glass case, set in a gilt frame, with a 
beautiful dome of glass, supported on richly gilt pillars of the 



Corinthian order; the whole exquisitely chased. The model and 
stand have required two years to make, and the expenae, frani firjt 
to last, has been fully 6,000/. sterling. 

The cost of the Kieff suspension bridge, excluflive of the Ap- 
proaches, will be upwards of 400,000 guine&ft— «ay about two nul- 
lions and a half of silver roubles of Russia, uid nearly I l,OO0,O(H)fr,, 
which, though large in amount, may be considered a very low 
price for so large a work. Mr. Vignoles has already prepared, hf 
command of the Emperor, designs for several other large bridgee 
in various parts of Russia. Some of them have been spproved, 
and others are still under consideration, and designs are in vanoas 
stages of progress for still more bridges, besides other works; for 
all of which the iron must be furnished from the English maun* 
factori^. — TimeM, 
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A Tf^mtUe on th^ Rtse and Progress of DecoraM Window Ta 
in England, By Edmuni) SaAapc, M.A., Architect. Load 
Van Voorst, 1849, 

1 f the passion for medieval works has had no better results, it has 
had a good one in this, that it has given us a copious literature for 
the medisBval styles, and has destroyed the monopoly of the Greek 
and Roman styles. So lontr as these latter were the only learned 
styles, their professors could put forward a magistral claim, and 
assume the air of superiority without allowing dispute; just as the 
Greek and Latin languages were called learned, when these alone 
had a philological organisation. It is always a bad thing when 
people are saved the trouble of thinking for themselves, and 
oecome '^^ UUitut Jurare in verbfi magUtri" When once they have 
t»ken to themselves n master, and swear in his name, they are, 
like other dogs, faithful to his service, and snap and snarl at 
everybody else. So was it with our classic architects — ^the princi- 
ples of art were set aside, and the Ionic or Doric canon was flou- 
rished as a weapon against any unlucky wight who thought any- 
thing could be beautiful or sublime without the Grecian stamp. 

It is to be hoped we are getting to a better period, when we 
shall be neither Ionic, Italian, or Christian-ite sectarians, but shall 
be able to acknowledge and appreciate the beautiful in art, whether 
in the Indies, Persepolis, Hellas, or Germania; and having got 
thereby so much nearer to the right shrine and the true worship, 
we may he inspired to do something of our own. Everyone who 
has a true love foT art has, therefore, a deep interest in the culti- 
vation of every department of it: the architect shoiild make ft 
sayiug for himself, that there is nothing architectural which does 
not claim his sympathy; and the writer »hould be encouraged who 
gives us practical information not only as to Greek and medi»val 
art, but as to the productions of Egypt, Persepolis, and lltndostan. 
Thus, Layard, Fergusson, and Owen Jones are as great benefactors 
to the cause of art as Wilkin or Pugin. It is very certain that we 
want all the energies of the human mind to be successful in the 
noble study of architecture; and nothing can be so surely detri- 
mental as restriction to any one school or school -ho ok, if we are to 
have a national school of architecture as we have a national school 
in everything else. There are few now who are contented to be 
the lacqueys of the Greeks and Normans^and yet such we are; 
while in every other pursuit of genius, we have shown ourselves 
not unworthy rivals of the great men of olden and of later time. 

To study any department of architecture properly, as much 
attention must be paid to constructive peculiarities as to artistic 
effect; and as this reriuires a practical treatment, it seems to usl 
suiting 80 well the English character, the field of architectural 
ejcploration is one in which we are likely to be particularly sue- 
cesi^fol. Indeed, however much the High Dutch have dreamed, 
the English have with pen and pencil truly done their share of 
work; and in England, Normandy, Flanders, Dtitchland, Italy, 
Greene, Egypt, Lesser Asia, Assyria, Ilindostan, and Mexico, our 
students have done much for the extension of architectural know- 
ledge. 

It is not, however, given to every one to wend his way to the 
great shrines of art; and though railway travelling has extended 
the resources of architectural study, a scamper to Rome or to 
Memphis can hardly be looked upon as greatly conducive to the 
instruction nf the mass. If^ however, this is not so, we believe, if 
they are properly used, there are large means of instruction open 
to every study, even in the remotest parts of this country, if he 
will but choose them. 
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There is linrdly a parish church which has not Bome point of 
inter^tft to the practical man; and indeed it i« from the careful 
inspection of theae buildings by a practtCHJ eye, that a few men, 
more painstaking- than their brethren, have put ua in possession of 
the architectural practice of the middle a^es, and have enabled us 
to construct modern worki* in the mediaeval utyleF in a much more 
respectable and much truer munner than our imitations of the 
Parthenon and other classic mtideU* Nevertlielesa, a few men can 
do but little of themselves, however hard they work: it is the 
conGentrated energies of the mass which must act to produce any 
ipreat result; and this can only be attained inai^much as each mem- 
ber of the profession will look upon himself as an instrument, 
h^wtver humble, for its advjincemeut. Tlie pupil in the country, 
beginning his early studies, has often opportunities, denied to the 
most ardent votaries in the great Beats of knowledge; and if he 
diligenthr takes advantage of the resources of his neighbourhood, 
lie mmj do rery much good to himself and his neighbours. 

Tbcre is, too, nothing so mean in itself, which as a part of a 
peat whole, when properly studied, does not acquire considerable 
importance; and, indeed, often the neglect of a trifle destroys the 
most meritorious exertions devoted to a great building. In the 
Gothic revivals of the last century, we are much more struck with 
pain than with pleasure, for the discordance of the details mars 
the most ambitious designs, — and this much more attributable to 
want of constructive knowledge^ than to want of artistic skill. 
As the writer now before us reminds his readers, the history of the 
medieval styles in England is one of progress; and the experience 
of many years, and the genius of many men, led to improvements 
in con$ttruction, as much as to variety in design. These escape the 
mere archaeologist or artist, or he sees them only as tri^eiA, the 
value of which he does not know; but to the practised eye even of 
a workman, a knowledge of these trifles is the way to the economi- 
cal and successful prosecution of a restoration or of a new con- 
struction. 

It is very evident that bad we a better knowledge of the con- 
itnictive details of Greek buildings, we should be much more suc- 
cessful in the imitation of them; neither would so much diversity 
of opinion prevail upon many auestions of intercBt, as lights, win- 
dows^ doors, stairs, roofs, polychromy. and so forth, A knowledge 
which limits itself to broad general features, might have been 
thought more favourable to the study of the Greek style; but it 
has not so proved — and perhaps most from this cause, that the 
groundwork of our knowledge is imperfect, and imperfect in the 
practical part. On the other hand, we have monuments which 
present a repertory of medteeval practice; and it will be found that 
just in proportion to our better acquaintance with these, has been 
our sttccesaful progress* Wren, "VValpole, and Dance had the great 
works of old before their eyes, and yet the towers of Westminster 
Abbey, Strawberry Hill, and the front of Guildhall are the fruits 
of their exertions. The restorations of the beginning of this cen- 
turr abound with errors, and we shall have beRire us a fresh work 
^^nst of re-restoration* Mr. Sharp e gives some examples of this. 

The careful study of detaUs has given us works on mouldings, 
fonts^ and church fittinga, and now on decorated window tracery. 
Although the subject is so limited, Mr. Sharpe has required for its 
illustration a volume of text and one of plates; and even yet he 
has only laid the foundation of his own part, and leaves for other 
Ssbourers quite enough to (ill other volumes. Nearly two hundred 
ravings are required, to furnish examples from which authori- 
are deduced, — ^and yet the writer is neither prolix nor trifling, 
minutely archssological. He gives a sufficient sketch of the 
listory and chronology, to determine the characteristics of style, 
but, tiroughout, his attention is devoted to practical construction. 
From this the workman will benefit as much as the architect. 

Inasmuch as the engineer is often too much of a workman, so is 
the architect often too little of a workman: and yet there is in this 
country no scademy of architecture with so much as a carpenter's 
shop attached to it. The architect of the middle ages, inaHmuch 
as he practised all the higher branches of art^ — carving, painting, 
and music — so was he often skilful as a blacksmith, mason, or car- 
penter. The necessities of his position as much made him so, as 
do those of an Indian ofBcer of engineers make him a workman. 
In a remote part of the country, the architect had to teach and 
train the workmen, as well as to furnish the plan. This, too, was 
one iT^at means of architectural progress. Whoever looks at the 
boil dings of the middle ages, is astonished to see how much was 
then done. There is hardly a parish church in England which was 
not then built; and yet in parishes which must then have had a 
imsller population, we have buildings much more massive and 
eipenaive tnan our modern resources enable us to supply. 




The monk or ecclesiastic who undertook to build a church, was 
much more wanting in money-help than the modern patron; but 
he drew largely on the unskilled labour of the population. The 
days of idlene^^ incident to agricultural pursuits, instead of being 
devoted to the alehouse, were claimed for the pious work of church 
building; and an enlightened instructor trained a willing flock to 
undertake the several duties, from quarrying the stone to the 
carving of it and building it up. 

We have now to rely upon trained workmen, instead of upon 
trained architects; and though we are better off than we were, we 
are far from having reached perfection. We now look with sljame 
upon the carpenter-Gothic windows of good King George's time— 
and yet perhaps the day is not far off, when the hypercritical eves 
of those who follow may point out the failings of our own works. 
The only b-ilwark against this is the practical instruction of archi- 
tects and workmen. While it is an object of ambition to an ar- 
chitect to produce a beautiful piece of tracery, he is often at the 
mercy uf toe workman fi^r the realisation of his designs, for even 
such a detail requires much knowledge and skill. 

If i\fr. Sharp has done his duty, so have the publisher and en- 
graver; for tne work is handsomely and copiously illustrated 
throughout, in a manner which is well deserving of praise. 

We like much the moderate and judicious spirit in which Mr. 
Sharpe writes; and he gives full assurance that he merits the con- 
fidence of his readers. While he has carefully availed himself of 
tlie studies of others, he has added largely to the common stock; 
and has, by his own observations, been able to correct many theo- 
ries which were founded on erroneous data. The work has, there- 
fore, the best kind of originality in a professional work — an ori- 
ginal investigation of the whole subject of inquiry. 

Mr. Sharjte classifies tracery into three styles — geometrical, cur- 
vilinear, and rectilinear; and not merely determines the essentials 
of style, but examines the several arches of the window opening, 
as the window arch, the scoinson arch, and the rear vault; tlSe 
fuliation; and the mouldings. Upon each of these heads he enters 
into copious explanations. There is, however, one thing we miss— 
a sufficient index. 

We are debarred from entering further into a subject which ii 
so much matter of special detail, tliough we are tempted by the 
merits of the author so to do; but we cannot take leave of him 
without saying that he has written a book well worthy of the 
perusal of members of the profession, and of the large circle of 
students of mediaeval architecture, its lay and clerical devotees. 



Modem Tombs, Part I. By AsTriun W. Hakewill. 

Some years since we had occasion to notice a work on tombs, 
and to make some remarks on this branch of art; and we are not 
sorry to have it again brought to mind by this work of Mr. Hake- 
will's, In churches, tombs are most commonly one-sided; and as 
there is no iinished back, there is a limited scope for artistic exer- 
tion. If, too, a tomb be truly designed, its character is deter- 
mined by that of the building; and this is another point of restric- 
tion. \Vhere not attended to, as it very seldom is, our cathedrals 
become curiosity shops or museums, in which naked Greeks and 
negroes besjuirt beneath the canooies and shrines of mediaeval 
architects. The ewlablishment of the cemeteries threw open u new 
fleld for the artist, and one in which he has much more freedom. 
At the same time the architect could fairly claim a participation, 
and thus the body of skilled labourers baa Wen strengthened. 

It is quite true the marble-mason still claims the graveyard as his 
domain, and leaves many boundmarks of his authority; but there 
ia a greater disposition on the part of the public to encourage 
architects; and this it is Mr. Hakemll's object to support. Which, 
however, will become the chief ruler, the architect or the sculptor, 
will depend very much on the exertions of each. 

While architecture gains a new field of display, it further bene- 
fits by the necessity imposed upon sciJptors of becoming students 
of architecture, and strengthening thereby that union of the arts, 
without tlie observance of which they cannot prosper. Then, too, 
the architects must learn something of sculpture, or the public 
will not be satisfied. 

At a former period we were obliged to be contented with designs 
for tombs, and with the promise of what the future was to do for 
us; but now we have got some earnest of progress, as Mr. Ilake- 
w ill's book gives examples from tombs already in our cemeteries. 
This book, too, will give the greater encouragement to artists, as 
it shows them what has been done, and that they wiD not labour im 
vain. Every way, therefore the book is of interest. 
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At «ucli an thtlypmSf wb are not to expect perfectiof* — we are 

to be prepared for mnny fuults; but nevertheless we say that many 
of the examples presented by Mr, Jlakewtli deserve cou^ideration 
and prais^e. Tlie monument to the prisse-fifrhter, Jackson, by 
Tliomas Butler, in Earr^-Court Cemetery, is very prake worthy, 
from the boldness of the desig^n. A« to the taste of »o openly 
commemorating such a man, it is* nothing to us — we cannot help; 
and most of the victors at Olympia were of the same stamp, Mor- 
rison, the hygeist, St, John Long, the Itack-scratcher, anil Andrew 
Ducrow, the mountebank, liave the largest tombs at Kensal-^een: 
hut then they paid for them beforehand, and they had a right to 
do what they liked with their own. Jackson left a large sum for 
A tomb; and work of art though it is, and encomiastic as are the 
verijes upon it, it is a monument to a prize-fighter, and nothing 
else. The Hon lying on the top, and the naked prize-fighter at 
each end, are in keeping; and the prize-fighters are prize-fighters, 
and nothing elne: they are no shams — no model men — no itleals; 
neither Adonis nor Antinous, but prize-fighters, with the dispro- 
portions and characteriistics of such. The sculptor knows what 
auch a man i^ and ha^ carved him accordingly. 

Another desiign which h in Kensxil-greea— a tomb with an ang^el 
in front — is likewise of a sculptural character, and particularly 
impressive. 

The outline of that of Reynold Morgan, in KensaUgreen, ig very 
pleasing. It isi a com pom t ion with a vase, particularly happy in 
the harmony of the forms. 

We cannot say we like so well some of the architectural designs. 
They show the old leaven of the sham claiifiiral, where the mere 
introduction of a cornice, or some such feature, in a bald design, 
19 made to do duty for taste and simplicity. The conventionaUty 
is purely professional ; beituty, under the circumstances, there is 
none, and the result i^ the erection of a toy-huilding instead of a 
tomb. An Egyptian monument, in ^hich Egyptian peculiarities 
have been earned too far, please* us no better; and although it 
may give an example of the Egyptian style, it gives no favourable 
prooi of the powers of the architect. 

The work is to be in four quarterly parti;, and to embrace fifty 
designs; and we very much mistake if Mr. Hukewill will not suc- 
ceed in giving his readers employment and remuneration, as well 
fis a book, if they take the hint to apply themselves to this branch 
of practice. 



The Pictorial Guide to Ripon. By John RrcrJABn Walbhan, 
Local Secretary of the Archieolo^iral Institute. Third Edi- 
tion* London: Nichols and Son, 1850. 

Sepnfrftri, a Romania Oith'iinu'ti infra Ercle^iam S, WHfridi in 
Citnfati RifMinennii, By W. Downing Bbuce, F.S.A,, KX'.J, 
Third Edition. London: Simp kin and Co., 1850. 

The Guide-book is interesting both to the antiquary and the 
Architect. It contaiuti a most accurate and entertain ing descrip- 
tion of the cathedral church of St. Peter, at Ripon, jtnd of the 
monastic remains of Fountains and Bidton ahbevs; likewise an 
account of the extensive excavations going on at the present time 
lit Fountains (the property of Earl de Grev), under the direction 
of the author, a well-Know n antiquary in tlie north of England,^ — 
the research being directed to an hitherto neglected portion of the 
fabric, the Abbot's house; the result corroborating the assumption 
of Mr. Walbran, that its site wa* on the south-east side of the 
Lady-chapel — in oppoisition to the received idea that the Zenodo^ 
c'lia, on the western side of the cloiiiters^ had been appropriated to 
this purpose. The whole site of the house has not been excavated, 
hut quite sudiuierit has been to indicate its extent. The dimensions 
of the principal apartments are — The great hall, divided into a 
main and two side aislea by nine columns, 167ft. <iin, by 09 ft. lOiu.; 
the passage leading from the cloister court of the abbey, IS ft. 7 in, 
wide; the chief staircase, ti ft, 7 in. wide; the oratory or chapel 
(the iHst purtion built), 4« ft. (jin. by lift. 5 in. ; the refectory, 
62ft. by 23 ft, 9 in,; the dai^, 1 1 ft. 3 in. wide. John de Canci'a, 
the abbot, was the builder of the house (1219-47), The chnracter 
of the building is plain and Huhstautial. The floors of the princi- 
pa! apartments were paved with encaustic square tiles; several 
jmtterns are introdu*!ed: one of four tiles displays the arms of the 
abbey, miothcr the lozenge inchjsing the rose. The author sup- 
poses they were the rejected tiles of sume great work which will 
be hereafter discovered in the abbey. 

The object of .Mr, Bruce in his pamphlet h to prove a similarity 
between the famed crypt under the central tower of llijjon C4*the- 
dral (usually called St, Wilfred's Needle), and Virgirs Tombj near 



Naples, — which he proves by giving a plan and section of each- 
His efforts to connect the two show, at least, that the Saxotu luul 
micceeded admirably in imitating the Roman style of architecture* 
Mr. Walbran has availed hinij^lf of Mr. Bruce s researches on thit 
point. 



Tka Banqueting Hntise^ Whitehall^ deMgned by Iniga Jon&^ mruiit- 
ing qfan ekmilioa and two ifhert/t o/detaU^* By OcTAviiTa HAxaAan, 
Architect. London: John Weale. 

These prints are a valuable acquisition to the architect, and do 
great credit to the labour-i of Mr. Himsard ; all the measuremeuts 
of the principal elevation have been taken by him at great cost and 
labour ; he was daily to he seen suspended in a car by a rone takiag 
dimensions of the several details. The plutes conniist fir>t of an 
elevation geometncjiUy drawn and shaded to a scale of ;^ of an 
inch to the foot, and two pliites -showing all the details drawn to a 
Hcale Ij inch to the foot, together with all the dimensions ia 
figures. 

"The pepuliifilies of the hnibliiur," Mr. Hansard ohi^rtM, "tre nnme- 
rouf, iftd, tt% in nii>»i large works, io in ibis» the ilimensiona of lituiUr and 
cflrretpondin^ portioai do aot exiitly agree; their ditftirence, howev«r« ii 
Dot perceptible. 

*'Oii 1 compariJiOD of the original drawinga by laigo Jonea* trith the 
at mature itself, it wouIJ appear ihai ni soiae periud the ru»ticiited baiemeat 
has bi;en altered, proliably on the occojiua itf a repair^ iadeed, there can be 
no doabt of the ruaticiitioii of the bo^emeat of the west front having 
originally similar to that of the cait. 

The fulluwiu)^ are the general dimenaioaa : — 

Ft, In, FL In* 

Height of Rusticated Daieioenl 10 9| 

Hetglit of bifde Colnmu .•••,. 23 9f 
Hei(sht of Eutabtature 4 9} 

Total Hei^Eht of Infcri^ir Order ...... 28 7 1 

111 i^ht nf Blocking C'uirse » . . . , 12 

IJeiglU nf Corapf>sitf? Column , . , , 22 7 

Heij^bt of CampoBite Entablature ... 4 f^| 

Total Heijrht of Sufjerior Order .,*,,, it8 5| 
llejgbt of li«lyitrade and iki Plintbi 7 4 | 

Total llfifrht of Buildini 75 :i| 

Total Lf ngth on Viiuih Line .,...,. 121 2} 
• in the Library of Worceiter €ut|«ge« Oxford. 



BniMingjf and MonumentJf^ Part V. Edited by G. GonwiN, F.S.A. 
These ill imt rations are so well executed and so pleasing, that we 
rc^rret the series is drawing towards a cloge; and we hope, ther<s 
forc, the encourafremeot Mr. Godwin has already received is sorh 
as to induce him hereafter to undertake another work of the same 
kind. The eaffravin^ nre pleasing; and aa the book has the 
advantage of illustrations from Mr. Godwin s pen, it has likewibe 
a profeiiBiotial ns well as a popular value. 



HUTCHISON'S INDURATED BTONE. 

Mr. HutchiffOQ has bero. rnosl fiu<.'c«ssful ia renderings ibe »oft saod* 
stone, which abtjunda at rnnhTi<^i;e WelJs and other paro of Keol» per- 
fectly hnrd and imperviouA to wet. lt» advantagen for maiiy purposes are 
very gjeal. The alone, when in a toft state io the quarry, is shaped or 
wofked to its proper form.aa for rhimney-pieces, inolditigB* aehUr, slept, 
sinks, &c.; and it aflerwarda umlefgoes some prepiiralicin which renders it 
pqnal to ihe hardei^t stone. Mr. Hutchison can deliver the prepareo in- 
(Inrafed ashlar stone in Londoa, ready fur ielliafj, at }§. 6ii. per footcut>e, 
and 1| inch rubbed paving at 6d. per fnot. The paving has been tub* 
mitted Io a severe le»t for iJiree years ai Tunbridge Wells. The prepara* 
lioo may be used with great advautage fur any soft stone, aad even lur 
chalk ur plaster : souii: specimeDs of plaster figures that were submitted U> 
our inapeclioa were as hard as a piece of Yorkshire stone. 



Ruditmniarg IVmtiJte—Tubfilar and Mer Iron Girder Bridget* 
By S. Davsi>ALE l>EirpREv. London: Weale. 
Mr, Dempsey has in this book itrought top-ether all the infur- 
matinn extant as to the Britannia and Conviay tijholar hrid|res; 
and those of our readers who have already been put in possession 
of it piei*emeal in our Jtntmul^ may be ^d^d to have this summary 
of the subject, in wliich the text and engravings are reduced to a 
more portable form. 
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IRON FOR RAILWAY STRUCTURES. 

Repobt ^£Ae Commiuianers appointed to Inquire into the Application 
of Iron tfi Ruitttay Structure* 

From the infomiation supplied to us, it appears that the propor- 
tions and forma at present employed for iron structures, hftve been 
nnerally derived from niinieroits and careful experiments, made 
by ftubjectinfiT bars of wrought or cast iron of diiferent ft>rms to 
the action of weights, and thence determining by theorj' and cal- 
culatioa such principles and rules as would enable these results to 
be extended and applied to each larger structures and loads as are 
required in practice. But the experiments were made by dead 
pfOBure, and only apply therefore to the action of weights at rest: 
—On the contrary, from the nature of the railway system the 
Struct ores employed therein are necessarily exposed to c^mcussions, 
vibrations, torsions, and momentary pressures of enormous magni- 
lude, produced by tlie rapid and repeated passage of heavy trains. 
These disturbing causes, in smaller degree, have always occurred 
in structures connected with mi 11 -work or other mechanism, iiut 
the effects upon their stability have not been found gi-eater than 
could be met by increasing tlie dimensions of the parts without 
specially inquiring into the exact principles upon which such iu- 
Cftsase should he made. Thus, we are informed that the dimen- 
lioos of cast-iron girders, intended Air sustaining stationary loads, 
such as water^tauks and floors^ are usually so proportioned that 
their breaking- weight shall be three times as great as the load they 
are expected to carr)*, or in some cases four or five times as great. 
But when the girders are intended for railway bridges, and there- 
fore subject to much concussion and vibration, greater strength is 
given to them by altering the above proportions, and making the 
break ing> weight from .six to ten times as great as the loaij^ accord- 
ing to the practice of different engineers. On the other hand, 
some consider that one-third of the breaking-weight is as safe a 
load in the latter case ais in the former. 

As it soon a]4)eared, in the course of our inquiry, that the effects 
of hea\'y bodies moving with great velocity upon structures had 
never been made the subject of direct scientific investigation, and 
as it also appeared that in the Ojiinion of practical and scientific 
engineers such an inquiry was highly desirable^ our attention was 
early directed to the devising of experiments for the purpose of 
elucidating this matter. 

The questions to be examined may he arranged under two heads, 
'titaiiely— 

1. IVTjether the substance of metal which has been exposed for 
along period to percussions and vibrations^ undergoes any change 
in the arrangement of its particles, by which it becomes weak- 
eoed? 

t. llThat are the mechanical effects of percussione, and of the 
pasna^e of heavy bodies in deflecting and fracturing the bars and 
Seams upon which they are made to act ? 

A great difference of opinion exists among practical men with 
respect to the first of these questions. Many curious facts have 
been elicited hy us in evidence, \4 hich show that pieces of wrought- 
iron which have been exposed to vibration, such as the axles of 
railway carriages, the chains of cranes, ^c. employed in raising 
hea^-y weights, frequently break after long use, and exhibit a pecu- 
liar crystalline fracture and loss of tenacity, which is considered by 
some engineers to be the result of a gradual change pruiluced in 
the Internal structure of the metal by the vibrations. In contirma- 
tion of this, various facts are adduced, as, for instance, that if a 
piece of good fibrous iron have the thread of a screw cut upon one 
end of it by the usual process of tapping, which is always accom- 
panied by much vibratory action, and if the bar be then broken 
aerofs^ it will be found that tlie tapped nart is a good deal more 
cry«tt4Uline than the other portion of the bar. Others contend that 
this peculiar structure is toe result of an original fault in the pro- 
cess of manufacture, and deny this effect of vibration altogether, 
whilst some allege that the crystalline structure can he imparted to 
fibrous iron in various ways, as hy repeatedly heating a bar red- 
hot, and plunging it into cold water, or by continually hammering 
it, when cold, for half an hour or more. 

Mr. Brunei, however^ thinks tlie various appearances of the frac- 
tuie depend much upon the mode in which the iron is broken. The 
,e piece of iron may be made to exhibit a fibrous fracture when 
vflloken by a slow heavy blow, and a crystalline fracture when 
!nroken by a sharp short blow. Temperattire alone has also a de- 
cided effect upon the fracture; iron broken in a cold atate shows a 
more crystalline fracture than the same Iron warmed a little. 



The same effects are hf some supposed to be extended to caet* 
iroji. 

We have endeavoured to examine this question experimentally 
in various ways. 

A bar of cast-iron, 3 inches square, w^ts placed on supports about 
14 feet asunder. A heavy ball was suspended by a wire 18 feet 
long, from the roof, so as to touch the centre of the side of the 
bar. By drawing this ball out of the vertical position at right 
angles to the length of the bar in the manner of a pendulum to 
any required distance, and suddenly releasing it, it could be made 
to strike a horizontal blow upon the bar, the magnitude of which 
could be adjusted at pleasure either by varying the f ize of the ball 
or the distance from wliich it wus released. \ arioua bars (some of 
smaller size than the above) were subjected by means of this appa- 
ratus to successions of blows, numbering in most cases as many a? 
1,000. The magnitude of the blow in each set of experiments 
being made greater or smaller, as occasion required. The general 
result obtained was, that when the blow was powerful enough to 
bend the bats through ime-half of their ultimate defiection (that is 
to say, the de/lectiun which corresponds to their fracture by dead 
pressure), no bar was able to stand t,iHH> of such blows in succes- 
sion; but all the bars (when sound) resisted the effects of i,000 
blows, each bending them through one-third of their ultimate de- 
flection. 

Other cast-iron bars, of similar dimensions, were subjected to 
the action of a revolving cam, driven by a steam-eugine. By this 
they were quietly depressed in the centre, and allowed to restore 
themselves, the process being continued to the extent even in some 
eases of 100,004) successive periodic depressions for each bar, and 
at a rate of about four per minute. Another contrivance was tried 
by which tlie whole bar was also during the depression thrown into 
a violent tremor. The results of these experiments were, that 
wheu the depression was equal to one-third of the ultimate deflec- 
tion, the bars were not weakened. This was ascertained by break- 
ing them in the usual manner with stationary loads in the centre. 
\l hen, however, the depressions produced by the machine were 
made equal to one-half of the ultimate deflection, the bars were 
actually broken by les*? than 90ft depressions. This result corre- 
sponds with and confirms the former. 

By other machinery a weight equal to one-half of the breakings 
weight was slowly and continually dragged backwards and forwards 
from one end to the other of a bar of similar dimensions to the 
alwjve. A sound bar was not apparently weakened by 96,000 tran- 
sits of the weight. 

It may, on the whole, therefore he said, that as far as the effects 
of reiterated flexure are concerned, cast-iron beams should be so 
proportioned as scarcely to suffer a deflection of one-third of their 
ultimate deflection. And as it will presently appear, that the de- 
dection produced by a given load, if laid on the beam at rest, is 
liable to be considerably increased by the effect of percussion, as 
well as by motion imparted to the loud, it follows, that to allow the 
greatest load to be one-sixth of the breaking- weight is hardly a 
fiuflicient limit for safety even upon the supposition that the beam 
i!^ perfectly sound. 

In ^irought-iron Imrs no very perceptible effect was produced by 
10,000 successive deflections by means of a revolving cam, each 
deflection being due to luilf the weight which, when applied static- 
ally, produced a large permanent flexure. 

Under the second head, namely, the inquiry into the mechanical 
effects of percussions and amoving weights, a great number of 
experiments have been made to illustrate the impact of heavy 
bodies on beams. From these it appears that bars of cast-iron of 
the same length and weight struck horizontally by the same ball 
(by means of the apparatus above described for long-continued 
impact), offer the same resistance to impnct whatever be the form 
of their transverse section, jirovided the sectional area be the 
same. Thus a bar, 6x1^ inches in section, placed on supports 
about 14 feet asunder^ reipiired tlie same magnitude of blow to 
break it in the middle, whether it was struck on the broad side or 
the narrow one, and similar blows were required to break a bar of 
the same length, the section of which was a square of 3 inches, and 
therefore of the sfime sectional areu and weight as the first. 

Another course of experiments tried with the same apparatus 
showed, amongst other results, that the deflections of wrought-iron 
bars prodticed by the striking ball were nearly as the velocity of 
impact. The deflections in cast-iron are greater than in propor* 
tion to the velocity. 

A set of exueriments was undertaken to obtain the effects of 
additional loads spread uniformly over a beam, iu increasijig its 
power of hearing impacts from the same bail fidling perpendicu- 
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larly upon it. It was found that beams of cast-iron, loaded to a 
certain degree with weights spread over their whole length, and so 
attached to them as not to prevent the flexure of the bar, resisted 
greater impacts from the same body falling on them than when 
the beams were unloaded, in the ratio of two to one. The bars in 
this case were struck in the middle bv the same ball falling verti- 
cally, through different heights, and the deflections were nearly as 
the velocity of impact. 

We have also carried on a series of experiments to compare the 
mechanical effect produced by weights passing with more or less 
velocity over bridges, with their effect when placed at rest upon 
them. For this puipose, amongst other methods, an apparatus 
was constructed, by means of which a car loaded at pleasure with 
various weights was allowed to run down an inclined plane ; the 
iron bars which were the subject of the experiment were fixed 
horizontally at the bottom of the plane, in such a manner that the 
loaded car would pass over them with the velocity acquired in its 
descent. Thus the effects of giving different velocities to the 
loaded car, in depressing or fracturing the bars, could be observed 
and compared with the effects of the same loads placed at rest 
upon the bar. 

This apparatus was on a sufficiently large scale to give a practi- 
cal value to the results: the upper end of the inclined plane was 
nearly 4-0 feet above the horizontal portion, and a pair of rails, 
3 feet asunder, were laid along its whole length for the guidance of 
the car, which was capable of being loaded to about 2 tons; the 
trial bars, 9 feet in length, were laid in continuation of this railway 
at the horizontal part, and the inclined and horizontal portions of 
the railway were connected by a gentle curve. Contrivances were 
adapted to the trial bars, by means of which the deflections pro- 
duced by tlie passage of the "loaded car were registered; the velo- 
city given to the car was also measured, but that velocity was, of 
course, limited by the height of the plane, and the greatest that 
could be obtained was 43 feet per second, or about 30 miles per 
hour. 

A great number of experiments were tried with this apparatus, 
for the purpose of comparing tlie effects of different loads and 
velocities upon bars of various dimensions, and the general result 
obtained was that the deflection produced by a load passing along 
the bar was greater than that which was produced by placing the 
same load at rest upon the middle of the bar, and tliat this deflec- 
tion was increased when the velocity was increased. Thus, for 
example, when the carriage loaded to 1,120 lb. was placed at rest 
upon a pair of cast-iron bars, 9 feet long, 4 inches broad, and lA in. 
deep, it produced a deflection of ^ths of an inch; but when tlie 
carriage was caused to pass over the bars at the rate of 10 miles an 
hour, the deflection was increased to Aths, and went on increasing 
as tlie velocity was increased, so that at 30 miles per hour the 
deflection became l^inch; that is, more than double the statical 
deflection. 

Since the velocity so greatly increases the effect of a given load 
in deflecting the bars, it follows that a much less load will break 
the bar when it passes over it than when it is placed at rest upon 
it, and, accordingly, in the example above selected, a weight of 
4i,150 lb. is required to break the bars if applied at rest upon their 
centres: but a weight of 1,778 lb. is sufficient to produce fracture 
if nassed over them at the rate of 30 miles an hour. 

It also appeared that when motion was given to the load, the 
points of greatest deflection, and, still more, of the greatest strains, 
did not remain in the centre of the bars, but were removed nearer 
to the remote extremity of the bar. The bars, when broken by a 
travelling load, were always fractured at points beyond their cen- 
tres, and often broken into four or ^ve pieces, thus indicating the 
great and unusual strains they had been subjected to. 

We have endeavoured to discover the laws which connect these 
results with each other and with practice, and for this purpose a 
smaller and more delicate apparatus was constructed to examine 
the phenomena in their simplest form — namely, in the case of a 
single weight traversing a light elastic bar. For the weight in its 
passage along the bar deflects it, and thus the path or trajectory 
of the centre of the weight, instead of being a horizontal straight 
line as it would be if the bar were perfectly rigid, becomes a curve, 
the form of which depends upon the relation between the length, 
elasticity, and inertia of the bar. the magnitude of the weight and 
the velocity imparted to it. If the form of this curve could be 
perfecUy determined in all cases, the effects of travelling loads 
upon bars would be known; but unfortunately the problem ia 
question is so intricate that its complete mathematical solution 
ajppears to be beyond the present powers of analysis except in the 
simplest and most elementary case^-^uunely, in which the load is 



so arranged as to press upon the bar with one point of contact 
only, or, in other words, the load is consideiied as m heavy moving 
point. In practice, on the contrary, a single four-wheeled csb 
riage touches each rail or girder in two points, and a six-wheeled 
engine with its tender has five or six points in contact on each 
side. This greatly complicates the problem. 

The above smaller apparatus is so arranged as to oomply with 
the simple condition that the load shall press upon one point onlp 
of the bar, and is also furnished with a contrivance by which the 
effects of various proportions of the mass of the bar to that of tlitt 
load can be examined. From the nature of the problem, it is ooii* 
venient to consider, in the first place, the forms of tlie tn^>ackiim 
that are described, and the corresponding defleotions of the bai^ 
when the mass of the bar is exceedingly small compared witk thai 
of the load. 

Having obtained these under different relations of the length of 
the bridge, its statical deflection, and the velocity of the passiag 
load, we jtroceed to investigate, in addition, the effiect which a 
greater proportional mass of the bar or bridge has upon the 
deflections. We have been greatly assisted in this research by a 
most elaborate and complete analytical investigation by Geocge 
Stokes, Esq., Fellow of Pembroke College, Cambridge, undertaken 
at the request of one of the members of the Commission. Uiw 
fortunately, the extreme difficulty of the problem has rendered its 
solution unattainable excepting in the cases in which the mass of 
the bridge is supposed to be exceedingly small compared with that 
of the load, and in the opposite case in which the mass of the load 
ia supposed to be small compared witli that of the bridge. The 
examples that occur in practice lie between these two extremes; 
for in the experiments of the Commission, performed at Ports- 
mouth, with the inclined plane, already described, the weight of 
the load was from three to ten times that of the bar; but tms is a 
much greater proportion than that which occurs in bridges, partly 
on account of the necessity for employing in experiments very 
flexible bars, to render the changes of deflection sufliciently app»- 
rent, and partly on account of the great difference of length; for 
if bars bearing the same ratio of weight to that of the load were 
employed in experiment, the deflection would become so small as 
to be scarcely appreciable. This will readily be perceived when it 
is stated that in a bridge of 33 feet lonff. a deflection not greater 
than one-fourth of an inch is usually allowed, which deflection is 
only T^^^ pari; of its length; whereas in experiment it is neees^ 
sary to employ deflections of two or more inches. In actual 
bridges of about 40 feet span, the weight of the engine and tend^ 
is very nearly the same as the weight of that half of the bridge 
over which it passes; and in large bridges the weight of the load 
is much less than tliat of the bridge. 

Mr. Stokes has shown, that when the inertia of the bridge is 
supposed small, the trajectories of the load and the corresponding* 
deflection of the bridge depend upon a certain quantity, which he 
terms B; this quantity varies directly as the square of the lanfth 
of the bar, and inversely as the product of the central statical 
deflection (namely, that which would be produced by the liM&d set 
at rest on the centre of the bridge), and of the square of the velo- 
city with which the load passes over the bridge. \Vlien j9 is smaU, 
the increase of deflection due to tlie velocity of the load becomes 
very great, so much so that if d be ec^ual to 1*3, the statical deflec- 
tions are doubled, and are tripled when B = 0*8; becoming still 
greater as lesser values of a are taken. On the contrary, greater 
values of /S correspond to small deflections; and it has been shown 
by our researches that in the cases of real bridges ff is rarely less 
than 14, and is commonly very much greater; luid that, oonse- 
quently, the greatest increase of deflection from velocity would be 
upon this theory never greater than one-tenth, varying from that 
to one-hundredth, or less. As /3 varies directly as the square of 
the length of the bridge, it is plain that the nine-feet bars of the 
Portsmouth experiments will correspond to much less values of 6 
than the 20 and 30-feet lengths of actual bridges; while the values 
of /3 in the former cases are still further diminished by the greater 
defleetioBfl necessarily employed in experiments, as above ex- 
plained. It is thus shown that the enormous increase of deflection 
produced by velocity in the Portsmouth experiments cannot occur 
with real bridges, since it appears that the phenomena in queaUon 
are developed to a great extent when the magnitude of the struc- 
ture is diminished. But these calculations are made upon the sup* 
position that the inertia of the bridge is very small; and eaiperi- 
ments made with the small apparatus above-mentioned have shown 
that while $ is less than about unity, the inertia of the bridft 
tends to diminish the deflection; while, on the other hand, when $ 
is greater than unity (including, of course, all practical cases), the 
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InprtiB of the bridge tends to incrense the dafleolioiM, obtailxied 
iiliofi llie above suppoution. La«tl>% the total iotsiMuse of ihc 

Atatical defle^ition, ^neu the inertia of the bridge 19 taken into 
aceount^ will be lound n^uch greater far short bridges tban for 
lon;r bridifcs. Supposing, for example, the mass of the travelling 
load and of the bridge to be nearly equal, the increase of the 
sCj^tici*! flerii^ctiun at the highest velocities for bridges of SO fegt in 
ler\eth iitul <'f the ortiiuar)^ degree of stitFne*?^ may be more than 
niie-half; wherea* for bridges of 50 feet in Icn^rth, the increaae 
n ill not b© greater than f»ne-«eventh» and will rapidly diminish aa 
fli««ter IfiDgtbs are taken. £t>t as it has been shown that the 
marm^m tmtttrif paribus is dimini»ihed by incre&Hing the ^ilfnees of 
the brid^^ we iilirav« have it in our i>ower to reduce its amount 
within safe limits, llence in estimating the litrengtii of a railway 
hridfre, this increa/se of the tstatical deHeetion must be taken into 
Hccount, by calculating it from the greatest load which ib Hkely to 
pflfss over tlie bridge, and from the higheut possible velocity. It 
m%i<t ht' remembered^ also, that thifi dracotion is liable to Le in* 
tTe.<i^ed by ierks luroduced by the paange of the train over the 
joint 6 of the rails. 

We ikho made some experiments by means of the large appara- 
tus, before mentioned, on cun^ed bars, and these bore much greater 
weights at high velocities than strai^^ht hnm; but the deflections 
€f Ui;^e bars were very great, compared with their length* In 
drawing attention to these experioi^its, we would remark that, in 
Actual stmctures^ where the deiieetiena are so verj^ small, the effect 
of cambering the girders, or of forming a curved pathway for the 
load, would be of less comparative impjrtance, and might tend to 
introdur-e practical inconvenience. 

TJie general inipreasiou amongst engineers appears to be at 
Yariance with the above results. They, for the moat part, state 
their belief that the deBeetion caused by passing a weight at a 
high velocity over a girder is less than the neflection which wotiid 
be produced by the tame weight at rest; even when they have 
observed an increase^ they have attributed it solely to the jerks of 
the engine or train produced by parsing over ine'ijualities at the 
jusotion of the rails, or other similar causes. 

For the piur])06e of examining thin question^ we have suhmitted 
two actual bridges to the test «»f experiment. These bridges, one 
of which, the Ewe 11 Bridge, is situated upon the Croydon and 
Epsom line, and the other, the Godstone Bridge, upon the South 
fiMtem line, are both constructed to carry the railway over a road. 
A scaffold was constructed, which retsted on the road, and wm% 
therefore, mudfected by the motion of the bridge, and a pencil was 
fixed to tlie under eide of one of the girders of the bridge, so that 
ushen tbe letter was deflected by the weight of the engine or train 
eilhflr plaeed at rest or passing over it, the pencil traced the extent 
of deflection uuon a drawing-board attached to the sCfillfoUL An 
engine and tenoer, which had been in each case liberally placed 
imder our orderi? by the directors of the companies^ was made to 
traverse the bridges at different velocities, or rest upon them »t 
pleasure^ The «^>an ed' the Ewell Bridge is 48 feet, and the stati- 
fsol deflection due to the above load mther more than one-fifth of 
to Inch. This was slightly but decidedly increased when the 
•agtpft WHS made to pass over the bridge, and at a velocity of about 
SO miles per hour, an increase of one-seventh was observed. As 
it is known that the strain upon a girder is nearly proportional to 
the deflection^ it must be inferred that in this case the vehifity of 
load enabled it to exercise the same pressure as if it had been 
eaeed by one-«e%*enth, and placed at rest upon the centre of 
the bridge. The weight of the engine and tender was 39 tons, 
and the velocity enabled it to exercise a nressure upon the girder 
equal to a weight of about 15 tons. Similar results were obtained 
from the Godstone Bridge, We would take this opportunity of 
mentioning how much we are indebted to Mr. P, M\ Barlow and 
to Mr. Hfwd for the assistance they afforded us in making these 
expeiimenta. 

\Ve have also to express our obligations U* the Astronomer 
Royal for the advantage of his presence during the above and 
ether experiments, us well as for many valuable suggestions during 
tJde ppogreBS of the inquiry. 

In nddbkm to the above experiments, we have made aumy 4«r 
t^ pifrpoie of supplying data for completing the medMinicil 
theory of elastic beams. If a beam be in any manner bent, its 
ooncave side will be compressed, and its convex «de extended. An 
axnet knowledge of the laws which govern its camprmaifm and 
€Kleniioi] must precede any accurate general tfaeoiy af ite deflee- 
tioflB, vibrations, and ruptures. 

Tliielaw whicli is usually assumed in mathematical investigations, 
and by which the longitiidinal compressions and extensions, within 



certain limits, are assumed to be directly praportioual to the 
forvQs by which they are produced, although very nearly true in 
some bodies, is not, perhaps, accurately true for any nntteriak 

Experiments have, therefore, been made to determine ^ith utd- 
cision the direct longitudinal extension and comfifesBion of b^nf 
bars of cast and wrought iron. The extensiona were determi*^^ 
by attaching a bar, 50 faet in length and 1 inch square, to the 
roof of a lofty building, and suspending weights U* its lower ex- 
tremity. 

The compresaions were ascertained by enclosing a bar 10 feet 
long and I inch square in a groove^ placed in a cast-iron frame, 
which allowed the bar to idide freely without friction, and yet per- 
mitted no lateral flexure. The bar was then compressed by means 
of a lever, loaded with ^'arious weights. Ever)* possible precau- 
tion was taken to ejisore nccuracy. The following formulie were 
deduoed for exprrssing the relation between the extension and 
compression of a bar of cast-iron, 10 feet long and 1 inch square, 
and the weights producing them respectively;^ — 

Extension, w = 1 l(ill7e — 20190^ 
Compression, w = I07763r/ — 3(J3i8</'^. 
Where w is the weight in pounds acting upon the bar, € the exten- 
sion and d the compression in inches. 

And the formulae deduced from these, for a bar 1 inch squarg 
and of any length, are — 

For Extension^ «? = 13934040 '- — 9P07489000 j* 

d d- 

For Compression, w = 12931560 - — 522970300 -^. 

TTlusre / is the length of the bar in inches. 

These iormulie were obtained from the mean results of four 
kinds of cast- iron. 

The mean tensile strength of cast-iron derived from the^ ex- 
periments is 13,711 lb. per square inch, and the ultimate extension 
tAtj of the length, and this weight would rompress a bar of iron 
01 the same section ,4, of its length. It must be observed, that 
the usual law is very nearly true for wrought -in m. 

Many denominations of cast-troa have got into common w^e^ of 
which the properties had not yet been ascertained witb due pre- 
cisien. Seventeen kinds of them ti^ive been selected, and their 
tensile and crusliing forces determined. Experiments have also 
been made upon the transverse btreugth and resistance of bars of 
wrought and cast iron acted upon by horizontal as well as vertical 
foroes. These experiments will be found to exhibit very fully the 
deflections and sets of cast-iron and the defect of its elasticity. 

The bars which were experimented upon by transverse pre^^ure, 
were of sections varying from I inch square to 3 inches square, 
and of various other sections, aud the actual breaking weights 
sJiow that the strength of a bar 1 inch square bhould not be taken as 
the unit for cakiUatitig the strength of a hunger casting of similar 
metal, although the practice of doing S4i has been a preva- 
lent one, for it appears that the crystals in the portion of tJie bar 
which cools first, are small and close, whilst the central portion of 
bars S inches square, and S inches square, is composed of compara- 
tively large crystals, and bars of 3 inches squai'e in section planed 
down on all sides alike to | of an inch square, are fotind to be 
very weak to resist both transverse and crusliing pressure. Hex»oe 
it appears denirable in seeking for a unit for the strength of iron 
of whicli a large casting is to be made, that the bar used should 
equal in thickness the tWckest part of the proposed cat«ting. 

The performance of these various experiments has been greatly 
facilitiited by the permission which was liberally granted to us by 
the Lords Commissioners of the Admiralty, to make use of Ports* 
mouth Dockyard in carrying on our investigfltions, in addition to 
which, however, we found it necessary to hire for several months 
some premises in Lambeth. This was found requisite for the per- 
formance of those portions of the experimeiital inauir}^ which had 
been undertaken by £aton Hodgkinson, Esq. Althongh we are 
swrnre t]is(t, to point out the labours of individual membei's of the 
CecBSiisaMm would be impossible, and that it may appear invidious 
in Hiigle one out for praise, we cannot resist the exjiressiori of our 
tineks to the above-named gentleman for the zeal and intelligence 
with which he has carried out the remarkable series of experi- 
menta which are detailed in the Appendix to this Report, and 
whic^ constitute a large proportion of those which have been 
Already described. 

In sddiliftii we liare obtained, from many of the iron^mastera;, 
iadtnsMtian inspecting the various processes employed by them in 
tbe nsiittfiietiire of their iroos, and tlie effe<rt of such prooessis 
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upon the atreDgth and properties of the material produced: and 
we have also made careful inquiries of civil engineers with respect 
to the qualities and mixtures of iron preferred by them, for the 
large castings used m the construtrtion of railway liridgos, and to 
the respective properties of hot-blast and cold-blaet irun: this in- 
TestigHtian has been greatly facilitated by the liberality and can* 
dour with which thes^e gentlemen have communicated to us the 
results of their experience. 

As no map of the kingdom had been constructed representing 
the districts in which iron is found and worked, we applied to the 
officers of the Museum of Practical Geohigy for their assistance, 
and they eauseil one to be prepared expressly to accompany thia 
Report, in which the principal furnaces now in hlast are shown. 

Great differences of opinion exist with respect to the best qua- 
lities and mixtures of iron ; and, after all, it appears that tho&e 
employed for hir^e castings depend practically so much upon the 
commercial question of relative cost that engineers are rarely able 
to select the very be^st materiaL It is generally admitted that en- 
gineers have no guarantee that the mixture for which they have 
stipulated in a contract shall be that used by the founder, and no 
certain test by which to determine whether a given pieee of iron 
has been manufactured by hot or cohl blast. A very good protec- 
tion appear.^ to he contained in the recommendation of Mr. Fox, 
that engineers in contracting for a number of girders, should sti- 
pulate that they should not break with lesa than a certain weight 
^leaving the mixture to the founder), and cause one more than 
the re<]uired number to be cast. The engineer may then select one 
to be broken, and, if it break with less weight than that agreed 
upon, the whole may be rejected* 

At the beginning of the railway system the bridges were natu- 
rally constructed upon .similar principles to those which had been 
already employed for coniinon roads or aqueducts. Some of these 
ordinary constructions have proved inadequate to sustain the enor- 
mcjus loads and vibrations of railway trains. Some have been con- 
sidered too expensive; others, as the suspension bridges, have been 
found wholly unfitted for railway purposes. Moreover, the neces- 
sity for preserving the level of a railroad as much as possible, com- 
bined with that of passing under or over existing canals, rivers, or 
roads, has created a demand for those forms of bridges which ad- 
mit of being kept as low as possible, consititently with the proper 
headway or passage below; or, in other words, uf making the least 
possible difference uf level between the road or stream which the 
bridge has to carry and that whicjj it has to cross. 

From these causes, conihined with the innumerable opportuni- 
ties of building new bridges which the railways have given occa- 
sion to, and a constant endeavour to reduce the expense of build- 
ing them, a variety of new constructions have been proposed and 
essayed, most of tlieni of great merit and value, while others 
appear to be of very doubtful stability. 

On the whole, the art of railway liridge-building cannot be said 
to be in that settled state which wuuld enable an engineer to apply 

Srinciples with confidence. We have therefore thought it our 
uty to inquire into the pressent methods of railway bridge-huiid- 
ing, to collect iu evidence the opinions and practice of the leailing 
members of tlie profession of civil engineers upon this branch of 
construction, and especially with respect to the form and propor- 
tions of simple cast-iron girders, the practical limits to the em- 
ployment of such girders, the methods of combining them with 
the rest of the structure, the various forms of compound girders, 
the expediency of several combinations of wrongbt-iron with cast- 
iron: and, finally, the comparative merits of plain girders, and of 
other forms in which the principles of tJie arch, or other methods 
of giving stiffness, are introduced. 

The simplest bridge, and that which admits of the greatest por- 
sible headway at a given elevation, is, undoubtedly, the straight 
girder bridge. 

The length of a simple cast-iron girder appears to be limited 
only by the power of making sound castings, and the difficulty of 
moving large masses. Thus the practical length has been variously 
gtated to us as 4u, 50, and 6U feet. The form resulting from Mr. 
Hodgkinson's former experiments on this subject is universally ad- 
mitted to he that which gives the greatest strength; hut the re- 
quiremenls of construction compel many variatians from. It, espe- 
cially in the ratio between the top iiud bottom flanges. Moreover 
the convenience and the necessity of keeping the roadway forraila 
as low as possible has introduced a practice of supporting the 
beams which sustain the rails upon one side of the bottom flange. 
The pressure of the roadway and of the passing loads being thus 
thrown wholly on one side of' the central vertical web of the girder 
produces torsion (which is not always taken into account in deter- 



mining the proportions of the girder). The existence of this 
torsion is admitted on all hands, and various schemes are employed 
to countenict and diminish it ; hut the form of a girder that will 
effectually resist this disturbing force, without incurring other 
evils, still remiiins a desideratum. 

The requisite length of girders is increased considerably by thi 
excessive use of skew bridges; and it is much to be regretted thst 
difRculties should often be thrown in the way of altering the course 
of existing roads and canals when the line of a propotfed railway 
happens to cross them at an acute angle. Partly from these causes^ 
and partly from a little indulgence in the pride of co n struct ioiL 
skew bridges may be found, of whit'h, from the obliquity of the 
bridge, the girders are more than double the length that would be 
required by the direct span of the opening to be crossed. 

When tbe span of the opening or other circumstances render 
the use of single straight girders unadvisable, straight girders 
built up of several separate castings bolted together, and some* 
times trussed with w rough t-iron tension rods, are largely em- 
ployed, and necessarily with great varieties of construction. By 
these means the girders may be extended to spans of upwards of 
12t> feet. 

When wrought-iron is combined with cast-iron in the manner of 
trussing, several difficulties arise from the different expansions of 
the two metals and the difference uf their masses, which causes the 
wrought-iron rods to be more rapidly affected by a sudden change 
of temperature than the cast-iron parts. The constant strain upon 
the wrought-iron lends to produce a permanent elongation, and 
hence tension-rods may require to he occasionally screwed up* 
We have sought for opinions and information upon all these t|ues- 
tions, and these shotv that the greatest skiE and caution are neces- 
sary to insure the safe employment of such combinations. It is 
not admitted that the vibration of railway trains would loosen or 
injure the bolts or rivets of compound girders. Nevertheless, 
wood, felt, or other similar substances have occasionally been ia- 
trodueed between surfaces to diminish the communication of vi- 
bration. 

The general opinion of engineers appears to be that the cast- 
iron arch is the best form for an iron bridge when it can be selected 
without regard to expense or to the height above the river or road 
which is to be crossed. For loiv bridges the bowstring girder is 
recommended. Lattice bridges appear to be of doubtful merit. 

The latest mode of construction that has been introduced con- 
sists of boiler plates riveted together as in iron ship-buildiug, and 
combined in various ways with cast-iron. Hollow girders are thus 
formed, which are either made so large as to admit of the road and 
cfirriages passing through them, as in the Con^vay and Britannia 
bridges^ or else these tube girders are made on a smaller scaJe and 
employed in the same manner as tbe ordinary cast-iron girderfs, to 
sustain transverse joists which carry the road. The first kind is 
applicable to enornious spans, those of the two bridges above men- 
tioned being Uh> and ifi'i feet respectively. The second kind are 
said to be cheaper and more elastic than other forms for spans that 
exceed 40 feet. These methods appear to possess and to promise 
many advantages, but they are of such recent introduction that no 
experience has yet been acquired of their powers to resist the 
various actions of sudden changes of temperature, vibrations, and 
other causes of deterioration. We have thought it our duty to 
seek for information w itli respect to them, and we find engineers 
to be for the most part exceedingly favourable towards them; but 
for the reasons above stated we are uiuible to express any opinion 
upon them. At the same lime we desire to bear testimony to the 
patient care and scientific manner in which the forms aiul propor- 
tions of the great tubes of the Conway and Britannia bridges have 
been elaborated; and w^e must beg to refer to the Mijiutes of Evi- 
dence for the details of the information which we have collected. 

TJie investigation in which we have been concerned has made it 
evident that the novelty of the railway syitem has introduced a 
variety of new mechanical causes, the effects of which have not 
yet liad time fully to develope themselves, on account of the ex- 
tent and number of new railways, and the rapidity with which they 
were constructed, in many cases scarcely giving breatliing time to 
the engineers, by which to observe and i*rolit by the ex|)erience of 
each successive new construction. Thus it has happened that some 
portions of mechanism and structure have been made too weak, or 
placed in unfavourable combinatiuns; and hence some unavoidable 
but most lamentable, and sometimes fatal accidents, have been 
occasioned. It also appears that there exists a great want of uni- 
formity in practice in many most important matters relating to 
railway engineering, which shows how imperfect and delicient it 
yet ia in leading principles, 
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Bui we have also observed throughout the present inquiry that 
the engineers have been already warned by experience of the 
neeeosity for increasing the strength of bridges employed in rail- 
ways; and of watching more narrowly their construction, so as to 
I render them as strong as possible* Accordingly we have found 
I that the original structure of all those bridges which had shown 
the least signs of weakness, has been carefully altered and 
ftrengthened, so as to leave no apparent cause for apprehension; 
while in new bridges, better and stronger combinations are 
adopted. 

And in conclusion^ considering that the attention of en^neers 
I has been sufficiently awiikened to the necessity of providing a 
iuperabundant strength in railway structures, and also considering 
the great importance of leaving the genius of scientific men un* 
fettered for the development of a subject eh yet so novel and so 
rapidly progressive as the construction of railways, we are of 
opinion tnat any legislative enactments with respect to the forms 
aad proportions' of the iron structures employea therein would be 
highly inexpedient. 

>Vc would, however, direct attention to the genertd conclusions 
we have arrived at from our own experiments and from the infor- 
mation supplied to us^ namely, — 

That it appears advisable for engineers in contracting for cast- 
ings to stipulate for iron to bear a certain weight instead of en- 
deavouring to procure a specified mixture. 

That to calculate the strength of a particular iron for large 
castings the bars used as a unit should be equui in thickness to the 
thickest part of the proposed casting* 

That, as it has been shown that to resist the effects of reiterated 
flexure iron should scarcely be allowed to suffer a deflect lou e(|ual 
to one-third of its ultimate deJlection, and since the deffectton 
produced bv a given load is increased by the effects of percussion, 
U 10 sdvisaDle that the great et^t load in railway bridges should in 
no caae exceed one-t^ixth of the weight whicJi would break the 
beam when laid on at rest in the centre. 

That as it has appeared that the effect of velocity communi- 
cated to a load ^s to increase the deflection that it would produce 
if set at rest upon the bridge; also that the dynamical increase in 
bridges of less than U> feet in length is of suflicient importance to 
demand attention, and may even for lengths of '20 feet become 
more than one-haif of the statical defleetiou at high > elocities, hut 
can be diminished by increaying the stiffness of the bridge; it is 
advisable that, for short bridges especially, the increased deflec- 
tion should be calculated from the greatest load and highest 
velocity to which the bridge may be liable- and that a weight 
irhich would statically produce the same deflection should, in esti- 
mating the strength of the structure, be considered as the greatest 
loAd to which the bridge is subject. 

Lastly, the power oi a beam to resist impact varies with the 
mass of the oeam, the striking body being the same, and bv 
increasing the inertia of the beam without adding to its strength 
the power to resist impact is within certain limits also increased* 
Hence it follows that weight is an important consideration in 
structures exposed to concussion!^. 

Whilst, however, we lament that the limited means which have 
baen placed at our disposal, and the great time required for such 
invest tgations, have compelled us to leave in an imperfect state, 
or even to neglect altogether, many interesting and important 
branches of experinienttd imjuiry, we trust that the facts and 
opinions which we have been enabled to collect will serve to 
Liliustrate the action which takes place under varying circum^ 
IjMances in iron railway bridges, and enable the engineer and me- 
lehauic to apply the metal with more confidence than heretofore. 
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^^^H Analynis of the Evidence recekm^ by the CommitiUm. 

^K^Chemieat Con»ti(uenti of Iron. — Mr. MorKei Stirling ststei, thit iron in 

^Bitt pure itate is rnalteable. And that it ia a cocubinatiou of carboa with iroa 

Hrhich produces ca^t.iron. In additiou to carbon^ the cast-iron in this 

coaatry contains lihca^ lime, magnesia, alumtiia, occasionaJlr iome of the 

phoaphitct and other admixtures ; but iroa made from maf^nGtic ores ii much 



purer* The strength of cait4ron depends upon iU freedom from impuritiea 
and upon the proportion of carbon it conUlni. The strongest cait-iron con- 
tains about three per cent, of carhonr or, according to Mr. Charles Mtyi 
when the carbon is in the smallest proportion that produces duidity, a 
larger proportion tends to make the iron soft and weak, and a smaller bard 
and brittle. Mr. Gtynn states^ that the strongest iron generally shows a 
clear grey, or slightly mottled fracture, and he coniider* that that colour 
indicates the combination of carbon with iron which produces the greatest 
strength. Mr. Morries Stirling states, that while colour is admiisible as a 
test of strength it ii not so of chemical constitution, for though daik-coloured 
iron is usaally weak^ grey iron usually strong, and white iron usually brittle, 
yet black iron when chilled becomes white, although it must be supposed to 
contain the same quantity of carbon ; hence, ai a general rule, he concludes 
that colour indicates the treatment to which iron has been subjected* and in 
some eases only the quantity of carbon. Mr. Charles May coincides in con- 
sidering the question of strength to he very much reducible to the quantity 
of carbon contained in the iron, as tome of the tendereat iroa skiifuUy 
treated will produce some of the strongest castingi. Mr. Stephenson and 
Mr. Morries Stirling meation that the fluidity of the Berlin iron is due to the 
presence of arsenic, and the latter has observed that manganese mixed artifi* 
cially With cast-iron closes the grain and is an improvement boih to cast-iron 
and steel. On wroughuiron the effect of manganese k stated to be to give 
it the hot short property, whilst the cold short is produced by the preaeuce of 
a small quantity of phosphorus ; and the admixture of arsenic renden 
wrought. iron hard and brittle, 

Qttalidei and MLiturea qflron. — The use of the hot-bla^t in the manufac* 
ture of iron, it is stated by Mr. Glyan, does not of itself make iron worse or 
better t but by its means, materials, otherwise intractable, yielding alloys of 
ircin may be smelted, instead of ores yielding purer metal* Mr. Morriea 
Stirling has not found any diitinct difference between the chemical coniti- 
tuents of hot blast and cold- blast iron, but apparently there is more carbon 
in the hot-blast iron, and graphite is more commonly to be seen on the sur- 
face of No. 1 bot-blast than on cold- blast iron. Mr. Charles May considers, 
that by the use of the hot-blast the quantity of carbon which can be com* 
bincd with the iron is increased. Mr. Ilawkahaw and Mr. Fairbairn consider 
hot>hla&t iryn weaker than cold'blaat \ the latter gentleman and Mr, Stephen- 
son stale that the use of the hot-blast renders the metal very fluid ; and Mr« 
Glynn says that its use is to produce ia large quantities and at a cheap rate 
a soft Huid metal to be employed in tight castings, and that ia that respect 
he considers the inventioa to b<3 of great public benefit, at enabling Scotch 
iron -ma iters to use a new kind of ore, which though of a weaker character, 
further experienee may enable them to purify and improve. 

At the same time the hot-blast is eisential for smelting the iron-stone 
from South Wales with anthracite coali and the metal yielded is of the 
strongest character. Mr. Glynn and Mr. Stephenson mention that generally 
hoi-blast iron is dark grey in colour and very line in the crystal ; but it 
appears to be universally agreed that there is no certain method of distln* 
guishing hot-blast from cold-blaat iron. Mr. Rastrick states that the 
temperature of the hot*blast at the Gartsherrie furnaces was 680"^ Fahrenheit. 
Mr, Stephenson does not attach much importance to the variation la 
strength of different sorts of iron, he considers that taking the arerage of 
irooa generally throughout the country there is a proximity to an uniform 
standard. He concludes, from a aeries of experiments made by him for the 
High Level Bridge at Newcastle, that hot- blast iron is less certain iu its 
results thau cold-blait; that fnixtures of cnld- blast are more uniform than 
those of hot-blast j that mixtures of hot and cold-blast give the best results; 
thai simple samples do not run so solid as mixtures , that simple samples ruti 
too hard and sometimes too soft for practical purposes. Mr. Rastrick would 
prefer making girders of forge iron. Mr. Hawkshaw would use the Low- 
moor iron. It is, however, generally admitted that mixing irons from dif- 
ferent parti of the country produces the beat castings, and sicice the object 
im mixing them is to obtain the proportion of carbon to iron which gives the 
greatest strength combined with the required degree of fluidity, the exact 
proportion will he regulated by the appearance of the fracture of the several 
irons. Mr. Morries Stirling states that No. 1, bot-blast iron, mixed with 
No. 3, cold. blast, will give the right proportion of carbon ; but that if iron 
containing that proportion could be obtained at once from the blast-furnace, 
it would be very superior, Mr. Charles May, however, observes, thai the 
strength of cast-iron depends upon the bulk into which it is to be run as 
well as upon its constituent parts, and that the artof theironfounder consists 
in bii abiUty to produce the required amount of strength without any very 
deflnite knowledge upon the subject, either chemical or mechanical. Mr. 
Fox coDsiders a very good mixture for girders to be cold-blatt Blaenavon, 
two-thirds, and of hot-blast Scotch two sorts, from the black band and the 
ttA haematite ores, onetbird. Mr. Griatell considers the use of old scrap 
iron to be of immense value, and would use Scotch iron, cold blast Welch, 
aod old scrap. Mr. Fairbairn names as the best mixture independently of 
price — 

Lowmoor, No. 3 . , . . 30 per cent* 
Blaina, or Yorkshire, No. 2. . . 25 „ 
Shropshire, or Dcrbyshirer No. 3 • 25 ^^ 
Good Old Scrap . • . . 20 ,« 
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Mr. Gljnii nAnoei one-third strong iron from Soutli Wtles 4Ad two- thirds 
of the more Huid niet&l of Yorkshire^ Derby (hire, and Shrop«hire. Mr. C. 
F0X| Mr* GrisflcUi aod Mr, Chftrle* May, however, all concur in tlatiog that 
mixturea of iron practically depend very much upon the commercial queation 
oi coiti and it U generally admitted that engineers have no guarantee that 
the miztore far which they may have stipulated in a contract shall be that 
used hy the founder ; hence Mr. Fox recommenda that engioeerB In contract* 
ing for a natnber of girders should stipulate that they fthould not break with 
es< than a certain weight (leaving the mixture to the found er)» and cause 
one more than the required number to be cait ; the engineer might then 
lelect any one to be broken, and if it broke with a leti weight than had 
been agreed upon* the whole should be rejected. Mr. Glynn coatidert that 
the lUongest caitings are thoie caat from the air-furnace in dry aaud, and 
castings id loam are stronger than those in open sand. The metal is more 
dense and more free from impurity when cast upright, Mr. Fox and Mr. 
Fairbairn also prefer the air*furnace. With respect to wrought-irotif Mr. 
Morriea Stirling considers the prooeai adapted in its manufacture as capable 
of great improvement. Mr. £. Clarke states, that wrougUt-iron from the 
uune maker is not always the tame^ and though there is not much difference 
in the ultimate ttrength of iron, that some qualities extend much more than 
others before breaking* 

Prttporlion ^ Load to Dmking Weight t m Gtrdert. — ^There appears to be 
% considerable difference of opinion as to the proportion between the greatest 
load which a girder should be allowed to bear and the breaking weight. 
There are two conditions under which the weight may be applied, viz., first, 
when stationary, as in the case of water-tanks, doors, &c. ; second, when 
the weight moTes to as to cause concussions and vibrations, as in railway 
bridges. In girders required for the first case Mr. Fox and Mr. T. Cubit t 
consider that the breaking weight should be three times the greatest load ; 
Mr, P. W« Barlow four times; and Mr. Glypn would not make it less thmo 
fire times the load* 

In girden for railway bridgca Mr. Bmnet states that he allows the load 
to be one-third or two^fiftbt of the breaking weight ; but he considers that 
the rule he adopts for calcnlating the dimensions of his girders givea more 
IbaA the usual strength. Mr. Grissell and Mr. Charles May consider one- 
third to be solficiest; Mr. Ha»«riek, Mr. P, W, Barlow, Mr, R. Stephenson, 
and Mr, Joseph Cubttt adopt one-tixth; Mr. Hawkshaw prefers one-^seventh, 
eiccept in cases where great care is exercised in the telection of materials 
and workmanship, when a smaller proportion would tulficc* and Mr. Glynn 
considers that in structures exposed to concussion and vibration the ultimate 
strength of a girder should be ten times the greatest load. 

T9*t»/br Girderi, — The general opinion a* to the amount of test which 
should be applied to girders is that the test should amount to twice the 
greatest load, Mr, Joseph Cuhitt would employ three times the greateat 
load, or half the breaking weight ; and Mr. Thomas Cubitt coniidera it safer 
to test a girder almost to the extent that would break it than not to prove 
it at all, as the testing of girders i» the only means of discovering defects 
under the surface, and concealed from the eye, Mr. Brunei, however, 
thinks that a girder should not be tested with a weight exceeding the 
greatest load, as the object in testing is to ascertain the soundness of the 
casting, which may be judged of by its appearance under the load, and nil 
risk of permanent injury should be carefnUy avoided. Blr. RsAtrick, Mr. 
Glynn, and Mr. Joseph Cubitt recommend that blows be applied to cast-iron 
girders when under the testing load. Mr, Ilawkshaw and Mr, P. W. Barlow 
OQniider that where actual weight is used sufficient vibration is given to the 
beam by throwing the weight into the scales used in testing. It is stated 
that, for couvenieuce sake, girders are usually tested by means of the 
hydraulic press; but Mr* Fairbairn, Mr* Locke, Mr. Brunei, Mr, Joseph 
Cubitt, and Mr. Fox prefer using actual weight, on account of the uncer- 
tainty as to the actual pressure the hydraulic press brings upon the girder; 
though the latter gentleman considers thai all UabiUiy to error in the pre^s 
ia obviated by an improved construction ^hich he has adopted. Mr. €. 
May states that, as girders arc bought at the lowest possible price per ton, 
ibe minufacturer is compelled to adopt the most convenient and not the 
best mode for testing them, or ten times his profit v^-ould not pay him for 
tbe experiment. 

Load» on the Bottom Flange. — It is admitted that the mode of supporting 
the roadway on the bottom fiange of a girder causes torsion in the girder, 
though Mr, Bastrick and Mr. Locke do not consider that the strength is 
dimini&bed by the pressure being so applied; and Mr. Stephenson does not 
think the torsion is of sufBctent consequence to be noticed. In order to 
guard against any ill efFecta which might arise from the torsion, Mr. Locke 
its in transverse pieces of timber between the two girders which support a 
line of rails, chocked perfectly tight, and be ties the boltoni wchs together 
with tension bars. Mr. Fairbairn and Blr, Hiwkshaw consider it would be 
advantageous to alter the form of girders to enable them to vritbstand the 
torsion. Mr, Fairbairn thinks the cross beams should either lay on the tofi 
flange, or be suspended by hook bolts from the bottom flange, in which 
opinion Mr. Glynn concurs. Mr, Hawkshaw would increase the top flange 
of the girder, or would cast shoes or brackets on them to bring the hearing 
of the transverse Joists close to the vertical web. Mr. P. W* Barlow has 
adopted a new form of bridge to avoid this torsion, Mr. W. H. Barlow 
abserved coasiderible torsion in a girder without any top iange, Mr* 



Fairbairn and Mr. Hawkshaw are of opinion that wooden croai-bearera for 
the roadway are liable to increase the amount of torsion by bending ; bal 
Mr. Stephenson and Mr. Brunei state that wood is detirable as a cu*bion !• 
prevent the nolle and vibration which iron on iron wonU be subject to. 

Length for Simple Catilrm Girdere. — The use of timple caat-lrmi girders 
in bridges appears to be limited only by the power to mmke found eistiii|t 
(which arises chietly from the difficulty of pouring the metal equally, tai 
the iuconveuience of handling large masses, Mr, Rastrick, however, woald 
not put an; limit to the length. Mr. Hawkshaw eonsders that they m^ 
safely he made more than 50 feet long; in which opinion Mr. Fox and Mr, 
Grissell concur, but name 60 feet as the limit, Mr, Glynn, Mr, Charles 
Klay, and Mr. Joseph Cubitt would make them from 40 to 50 feet, Mr. P. 
W, Barlow, Mr. Fairbairn, Mr. W. H, Barlow, and Mr. Stephenson aiate 40 
feet as the limit; and Mr. Brunei names 35 feet, as he does not constdtr 
thai sound castings can be ensured to a greater length. Mr* Fairbahn, 
however, mentions a girder in Holland 70 feet long cast in one piece, 

Form/ifr Simple Girden. — It appears to l>e universally admitted that the 
form resulting from Mr. Hodgkinaon'a experimenta on the tension and com^ 
preasion of iron is that which gives the greatest strength; but the actual 
proportions are generally modified to suit the varying circnmcfaooet uader 
which girders are employed. Mr, Stephcnsou sometimes nsakea tbo top 
flange equal to the bottom one, but usually in the proportion of 3 ; 5, partly 
to obviate any risk from unequal cooling of the materials, and partly from 
the necessity of having a large top flange to bolt the dooring to. In prefer- 
ence to using a single girder, Mr. Stephenson recommends two girders to t»e 
bolted together, with a baulk of timber between, to which the rail is fixed. 
Mr, Hawkshaw, Mr. Fox, and Mr. Joseph Cubitt recommend that ibe 
top flange be increased beyond the proportions given by Mr. Hodgkioion» in 
order to resist the lateral torsion. Mr. W. H. Barlow and Mr. Locke woold 
use the arched form of girder whenever practicable, and the former gentle- 
man says that straight girders have been in fashion, end ctmtequently more 
used than practice actually required. Mr, Fox, in girders subject to dead 
weight only, would make the proT»ortion of the top flange to the bottom 
as 1 ; 6; hut in railway bridges he recommends 1 ; 4. Mr, TbottiM ~ 
mentions that shoes, or sockets, or any projections east on girden, 
tendency to create flaws from causing the dirt to accumulate in thoic plaeST 
and he considers that the shape wiiich wilJ ensure a sound casting sbcrald be 
as much considtred as the theoretical fonn of greatest strength. 

Dtftectitm nf Girders t and Ejects of Permanent Loadu and Change x(f 
Temperature. — It is crtnsidered that girders should not defect more Ihtfi 
from TT^th to -^Wi of their length according to the form of the girder, h 
does not appear from the evidence that a weight equal to what a gtrder is 
eonstructed to cany will, even if left on for any length of time, cause the 
deflection of the girder to increase, unless subjected at the tanae time to 
eonsiderable changes of temperature. Some expenaients made by Mr. 
Fairbairn and Mr. Braidwood show that iron loses a considerable |mK 
portion of its strength when heated to a temperature of more than 280* 
Fahrenheit, and that it becomes uncertain below 32^ Mr. CUrke deaerilMd 
the effect of the sun coming out and shining on the Conway tubular bridfl 
for half an hour to have been to raise the tube vertically one inch : and be 
mentions that at night, from the low temperature, the deflaction was always 
greater than in the day-time. Mr. Fox instances the effect of frequent and 
great chiinges of temperature on some short girders, 6 feet long, which 
support the hoods of the forges in his workshops, fa the day-time they are 
so warm that the band can only just bear the beat; at night they become 
cold. The effect is to make the girders »wag^ and the I wagging appeaia 10 
be continually inereaiing. Some have attained as much as 3" deflection in 
the centre; but their strength docs not seem to be impaired. 

The general impression of engineers appears to be that the deflection caused 
by passing a weight at a high velocity over a girder is less than the deflection 
which would be produced hy the same weight at rest; and the increase ob- 
icrved, in many instances, is attributed by Mr, Locke, Mr, Stephenson, and 
Mr. Fox, to the inequalities at the jnnction of the rails, or to thejerkaof 
the engine. Mr, Hawkshaw however considers, that the deflections wobM 
be increased, and has given some examples of a manifest incrcMe. 

Mr. P. W. Barlow has *)bserved a slight increase, and Mr. \V. H. Barlow, 
in reference to this subject, cites a curious phenomenon which he obserted 
on a timber viaduct, viz.: that with a heavy goods train at a low velocity, a 
certain amoont of deflection was produced; but an express train passing 
immediately afterwards, with a much lighter engine, seemed to push ifat: 
bridge like a wave before it. 

Form* of Girders beyond the limits of sirnple Cast 'Iron Girders. — The 
modes of construction which have been adopted by engineers for crosfiiig 
spans beyond the limits of girders made of a single easting, are very various ; 
but the chief forms which have been adopted by engineers for girders of a 
compound nature in railway bridges rosy be classed under straight built* 
girders of cast-iron in separate pieces bolted together ; arched girders of 
cast*iron; trussed girders^ bow-string girders; wrought-iron box iftd 
tubular gird era< 

l^he Emit Girder is formed of separate castings fitted closely at the jurats 
and bolted together, and is entirely dependent upon the bolts for support, 
Mr, GriiseU iDstanoei one of 120 feet span, and states that he should have 
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Ipo bctltaiian in mAking one of 200 feet span ; but Ibe engineers generally 
Imaied to eanndex ibat other modei of construction dispoaed the material 
I idfmtigeoaaty. Mr. P. W. lUrtow exhibited a new form of girder in 
[ Kptfilt caalioga* for moderate tpant. 

Tile Arched Girder, — The cast-iron arch is a mode of coQfttructlon which 
ttl esgineen concur in approving of, when not limited by considerations of 
leTeb or of ahotmentt. Mr. Locke ^tatea he wotild never willingly uie ca«t- 
iron in any other thape than that of an arch. Mr. \V. H, Barlow has aUo 
ieptcd it where practicable, 

Tk» 7Vn$Hd Girder ii itraigbt and of teparate casting! bolted togethett 

■tlted by wrought-iron teniion rods. The Dee Bridge girder was on tbit 

' priadple* Mr. Stephenson caused an experimental girder to be made, to 

ribibit the effect produced by the tension rods» adjusted aa they were in the 

Dee tSrklge girders^ aa well ai the ofTect when adjusted to lie parallel with 

[ Iba boltOB Hange and adjoining it; these eiperimenta, in conjunction with 

k hf Mr. T. L, Goocb, thow that the teniion-rods, though th eydo 

' soil iHieii teting at the angle, aa they did in the Dee f3ridge gtrdersi produce 

the ^li effect; yet, thit they add considerably to the strength of the girder. 

Mr. Raatriek and Mr. Fairbairn object to the trussed girder on account of the 

ta of eapaniion in cast and wrought-iron. Mr. Stcpbenion and 

r Mi^ Vttd ptvpOM to obviate this objection by putting the teneion-rod along 

tbs boHoo diingtt >nd applying to it an tnitiai strain of five or six tons per 

wtptx^ inch, ao as to cause the wrought-iron to come into play as toon as 

'ghl is applied to the girder. Mr. Fox approves of this arrangement, 

f eomidera that a strain upon wrought-iron tends to stretch the metal 

ntly, and that the tension-rods would require to be tightened perio- 

Qy, w bit It Mr. Stephenson and Mr. Wild have concluded from their 

[ opeiimenta, that with a leas weight than ten tons per square inch, the elat- 

lieity of the metal is not affected. The measure of the strain upon the tension 

rods is the amount they are actually elongated by screwing up. Aa a com- 

koatioD of wrought and cast-iron, Mr. 9, W. Barlow has proposed to caat 

' a bar «f irroagliWiron in the bottom flange of a girder, and not to make the 

I bottoa iange ao targe. Mr. Locke, Mr. Stephenson^ and Mr. C. May, con- 

1 that the different rates of expansion of the two metals would be an 

' oljectioii to it. Mr. Brunei objects to the use of cast-iron in long apani, 

and i^ combiAttion with wrought-iron , and prefera a framing of wrought- 

ifoa mtd wood. 

J Cirder,^Mr, llawkshaw, Mr. Glynn, Mr. W. H. Barlow, Mr, 
Loektt Mr. Foa, and Mr. Joseph Cubitt, are agreed in considering the bow. 
iliiiig form of girder, with a bow either of cast-iron or wrought-iron cells 
tad the teukion-roda of wrought-iron, as free from any objections urged 
ai oilier nsodet of combining wrought and cast-iron. It is considered 
mMBv miliar almost all circumstances^ aa the roadway can be suspended 
Ema tb« hem. 

B9Jt or Tudmlar Girdert^ — Mr. Fairbairn cooaidera tbeae girdsra the beat 
for Urge apaDS, and from aoine experimeutii he made, conaiderii them capable 
of reaiaiing not only dead weight but also impact. Mr. Stephenson state* 
lliai they are cheaper and more elastic than other forms for spans of more 
than 40 feet, and he recommenda that the top should be made of cast- 
iraa to rcAiit compression. .Mr. Glynn and Mr. Locke mention that they 
have been used for steam*cnginea for some time, and consider tha plan 
$9iuid« Mr. Brunei looks upon the introduction of wrought-iron into the 
omttnfiCiOB of gUdera aa the moat important ttep that has been taken for 
BUM liaiA ui oiifiiacaiiDg ; and ho considers that, with ordinary care, and 
with tbg iiQprofements which have been introduced in the mode of riveting^ 
Urn jouiio made by riveting may be as permanent, and in every respect equal 
to tJie oiMr parts of the structure, and he does not consider oxidation or 
Tibfalion can affect them. With respect to riveting, Mr. Brunei considers 
tbai tM platoa could be riveted together so aa to ensure their not breaking 
in any part contiguous to the rivets or joints, because the rivets should not 
act «s |iina or bolts, but aa clamps, which by pressing the plates together, 
pfodaoe an enormous friction. Mr. Clarke, however, who has made a good 
wmj eaperiments on the subject, does not appear to have obtained lo close 
an onion of the plate, aa be states that they generally broke at the riveting. 
Mr. Hawkahaw baa adopted wrought-iron girders for large apans, became be 
coDtidera the use of wrought-iron more advisable than caat-iron for large 
spans ; the box form is adopted to produce lateral itiffoesi. Mr, Fox and 
Mr. Raatriek consider that a large structure, like the Menai Bridge, must he 
mbjeet to andden compreaaion and extenalon from the chaogea of tern - 

StiMpention Bridget, — Mr. Stephenson dues not consider auspenaion bridgea 
tppUcable to railways except to very small extent ; and he statea that he has 
b«ea informed that an engine and train passing over one at Stockton (which 
haa ainoe been replaced by a girder bridge), pushed the bridge like a wave in 
front of it. Mr. Brunei statea that, under very peculiar circumstances, he 
0006 proposed a suspension bridge bimael/. Mr. Brunei considers that the 
lattice bridge la advantageous only under circumstances which would prevent 
materials of more than a certain length being procured. Mr. Stephenson 
objecta that the compression cannot be carried through them, and that the 
baao through which the strain haa to be carried is not sufficiently broad. 
It it acftted, however, that Sir J, M'Neill haa remedied the want of power to 
reaiai oompreasiou by introducing a caat-iron top. 



Bett form for Bridge* ind^fttidenify </ JEx/»«iwe,^Mr. Raatriek, Mr. 
Ilawkahaw, Mr, Fox, Mr. P. W. Barlow, Mr. Glynn, Mr. Locke, Mr. Brunei, 
and Mr. Cubitt, agree in conatdertng that the best form for iron bridgea of 
large apan ta that of a caat-iron arcb. Mr. GrisacU statea that he coniidert 
a well-made straight girder equally to be depended upon, but admita that 
the arch ia the atrongeal form; and Mr. Fairbiirn says that for spans beyond 
70 or 80 feet he would prefer wrought-iron tubular girders. Mr. Stephenaon 
would uae narrow wroughl-iron girders. 

Action on Skew Bridge*. — It does not appear that the deflection of gird* 
era ia auflScient to cause oscillation in engines passing over skew bridges, by 
caoaing one side to be deflected to the fyll amount before the other. But Mr. 
Stephenson mentions that when the road hai been in bad order, one wheel 
being on tbe fiolid angle of the brickwork^ while the other was on the soft 
ballast, baa caused coniiderable oacillation. 

ig^fcl of Impact aftd Vibration, — It is not admitted that the vibration 
Oftsaed by a railway train on bridgea would injure the bolts or rivets of 
compoond girders, if well-made and strong in the first instance. Mr. GriiseU 
gi?es them a large amount of surplos strength, as be thinks that when no 
greater strength of iron ta put than ia abaolutely neceasary, every jar moat 
tend to loosen the ynlinU^ and be considera that vibration h<ia much 
more effect on wrought Iron than on c^hi iron. 5Ir. Fox atatea that be 
would not depend on a cast-iron girder of separate pieces bolted together 
without atrengtheoing it with a wrought-iron tie^bar, but the use of wooden 
sleepers interposes a cushion which docs away with the vibration* Mr. W. 
U, Barlow mentions that with light engines he found felt very useful in 
diminisbing vibration, but that with the heavy weights now in use on the 
Midland line any interposing medium is crushed out. Mr. Stephenaon 
attaches do great importance to vibration, and haa laid iron girders on brick 
without interposing medium; aad the fact of old caat-iron mill-work having 
run for ao long a time without breaking ia cited by Mr. Hawkshaw, aa an 
instance of the apparently imatl effect of vibratioa. Mr. W. il. Barlow con- 
aidera that the irregulariliea which exist on the road from uneven joints, &c* 
in the rails i^ a greater cauac of danger than vibration, and he mentions that 
to experiment on the impact be caused the rails to be whitewaahcd for a 
mile before the paaaage of a faat train of 12 carriages, and that the amall 
imperfections In the joints caused spaces adjoining them of 5 inches in 
length to be left untouched by any of the wheels in the train. 

Change of Internal Structure in /ron.— Mr. lU^trick mention* that at the 
Pout-y-Pool [ro« Works a bar of wrought iron auapendedf and eontinaally 
struck by a hammer at the bottom, dropped in two after a length of time, 
but be ksowsof no instance of a change of at ructure on railwaya. Mr. Hawk- 
ahaw, though he has obaerved crystallization In broken raila and axlea, hat 
not trac4:d it directly to vibration : he thinks mill-gearing and shafts would 
furnish good examples, though when they break the various circumstances 
under which the fractures have taken place should he obaerved. Mr. Qriaaell 
baa observed that the vibration to which crane chains are exposed changea 
the iron from very beautiful malleable iron to the crystalline appearance of 
cast iron. He docs not consider that cast iron ia subject to the alteration 
of atructure. &lr. Fox considcia that vibration does produce a change in 
tbe internal structure of wrought iron, and instances that if the thread of a 
screw be cu;, in a wroiight<iron bar, and that the bar be broken across the 
tapped part, the fracture there will be found more crystalline than at tbe 
other part : he mentions the frequency with which shafts and mill-gearing 
break, and jitatea that cold-hammering the axles to give them a high polish 
changes their internal structure; but instead of remedying tbe injury by an- 
nealing, he recommends that they should be finished at a high temperature. 
Mr. Grissell mentions that chains of cranes often break with a cryataUine 
fracture, which be attributes to a change in the internal atructure, but he 
doea not conaidcr the aamc effect is produced in caat iron. Mr. F^iirbairn 
atatea, that repeatedly making a wrought-iron bar red-hot, and plungiag it 
into cold water, renders it crystalline, and that the tibroua texture may be 
restored by annealing ; he conaidera that percutaion rendera the fibrea more 
liable to break off short, but that without it ia sufficient to cause a consider* 
able increase of temperature, it docs not produce any real internal change. 
Mr. Glynn considera that tbe structure both of wrought and cast iron ia 
altered by a aucceasion of blows, the wrought to a oryatalline structure, the 
cast lo larger crystals ; he has observed this appearance particularly in arlea, 
mill-shafts, toothed wheels, crowbars, and crane chains, the latter even 
when speoiaily made of strong fibrous iron require to be annealed after about 
three yeara ; the axlea of tenders to which breaks have been applied he men- 
tiona aa particularly subject to this change. He attributes the alteration to 
galvanic action, induced by the alloys from which iron ia never entirely free, 
and considers that the action ia increaaed by blows* He also mentions that 
brau wire, of copper and zinc, originally tough and fibrous, continually 
broaka off abort with n crystalline fracture radiating in the form of a alar, 
showing a change in the atroeturc auch as would have taken place if tbe 
metal had boen melted and bad cr^atallised in cooling ; this effect is more 
rapidly produced in an atmosphere contaiinng sulphuric acid. Mr. W. H* 
Barlow mentions having caoaed a piece of fibrous iron to be hammered for a 
long time by a blacksmith, and that he fonnd the iron changed from A 
fibrous to a crystalline structure; but at axlea do not undergo the same sort 
of hammering, he doea not know whether the same effect takes place in 
theto. Mr. Stepheoton conaidera tbe fact of an alteration of atructure ai 



$6 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



CFi 



Wghly improbable^ and cites the connecting rod of an engine biving vibrated 
25,000,000 tinacf, and yet being perfectly fibrous. In the cases of ailes tlio 
iron may not hare been fibrous in the fir«l instance, for though when a piece 
of iron is rolled from I foot in length to 20 feet it necessarily becomes 
fibrous, it does not necessarily become so when rolled from 1 foot in length 
to 6 feet. He says that in all Ihe cases of change of structure which he has 
beard of there has always been some importaut Imk wanting. Mr. Locke 
considers that concussion would alter the structure of iron^ but would uot 
offer an opinion as to whether the fracture of axles arose from that cause ; 
be mentions that a great many axles broke when the crank ailes were in 
me, but that since straight ailes have been adopted fewer breakages hare 
occured. Mr, Brunei doubts the change of internal strocture, and thinks the 
▼arious appearances of different fractures result as much from the mode in 
which the iron has been broken as in any change in structure, and that 
change of temperature will also produce a variation in the fracture ; that iron 
in a cold state shows a more crystalline fractnrc thaa the same iron warmed 
a little, and that wrought iron does not actually become crystalline and 
fibrous, but breaks either fibrous or crystalline according to the combination 
of circumstances under which it is broken* but with the combination re- 
quired he is not acquainted ; he cites the stratification and planes of cleavage 
of rocks, which may he broken with different fractures according to the mode 
of applying the blow, ^Ir. Bruoel exhibited various specimens broken, some 
with a fibrous fracture by means of a slow heavy blow, and some with a crya- 
tslltne fracture by means of a sharp short blow. Mr. Charles May cites the 
beam of a steam engine as an instance of continued vibration not affecting 
iron, and mentions as an initsnce in favour of the change Ihe fact that m guti 
used in his works to break pig iron aoroaa, at last dropped in two as if it had 
been cut. 

Greafnt Tfeiffktt on Railtfieyt, — Mr. Hawkshaw states that locomotive 
engines are the greatest weights which can come on railways, and reckon If 
tons per foot linear as the greatest weight for a lingle line of way. Mr. Fox, 
Mr. Fairhairn, aud Mr. Bruntl mention 1} tons. Mr, W. H. Barlow states 
that on the Midland there arc engines on four wheels weighing 32 tons ex- 
clusive of the tender, but that that weight is too great for the permanent 
way, and that the rails are crushed and iattened by it. Mr. Stephenson 
and Mr* Locke state, I ton per foot linear is the greatest weight which 
comei o« a single line of rail. 



Analysis of the Evidence git^en by (he Witness's examined^ 

John Vrpeih Rastrick, Esq.^ Civil Engiueer.^Has experimeoled on 
Staffordshire and Shropshire iron. Prereni forge iron for large cnetings, 
M^itb pure mine bot^blniit iron i» equal in strength to cold blast, hut the 
bot blast eoablea cinder to be u*ed, which deteriorates Ihe quality. The 
temperature of the blaat alters tbe quantity but not the quality of the metal 
produced, about 500° or GOO"^ is preferred. The oiity guarantee against bad 
iroo is to contract for a particular quality* There is do mode of detectiog 
the difference between two kinds ol' iron. A mixture of tbe Peuibtone ore 
from Shropshire with the Staffordshire ironstooea improved the quality of 
iron. For strong caatiogs a miiture of pig Iron is preferable lo mixing tbe 
ores ; a good mixture is formed from Low Mwjr iron. Old Park ifou,aDd 
Colebrooke Date iron. Cast the bridge at Cbepalow. Allows a ton as 
the breaking weight uf a bar 1 ioch fiquare and I foot between thebearifigB, 
Proves a beam to l-3rd of the breaking weight, but never trusts it lo carry 
more thiia l-Otb. Iron girders may he cast of almost any length provided 
they have strength in proporliou ; niaJe beams for the Dritish Museum 41 
feet long in IB 24 or t825^ the had oppu work in (lie web, and were 3 feet 
or 3 ft. in, deep; they wire proved h> laying on 15 or 20 tons of Hctual 
weighty and struck with a heavjf hammer of 14 or SO paunds weight. Id 
iimple girders, if the height is too confined, the strength required must be 
gifen by thickness. A girder will bear the same weight on the bottum 
flange aa on the top. The torsion caused by placing the weight on (he 
bottom flange is very trilling, and canuol take place without u greater 
amount of deflection in the bearer than should be allowed. Futa on 
bracketa to unite the flunge to the girder. The strength of the joists sup- 
porting the roadway thoyld be suflicient lo prevent Iheni pushing out the 
flanges. A flange never breaks oflT. As long as a weight on a girder is 
oot sufficient lo injure the elasticity no mailer how long it remains. A 
beam taken out of a mould white hot will break by its own weight. Cast 
iron is more fragile in winter than ia summer In the Chepilow Bridge 
of 112 feet span, versed sine S feet, the diOerence of temperature between 
aommer and winter altered the positioa of the crown of the arch by 2 
tnches. Bridges requiring a flat soOit are best supported by a bow above 
the roadway. No combination of wrought or cast iron ia equial to a solid 
casting, the two metals hamper each other. Anarch is the best form for a 
bridge of cast iron. Vibration and impact will not injure thejoiataand 
rivets of compound girders if they are it rung enough. Railway gird era 
abould be so stroog that tbe deflection should be immaterial. At the 
Post-y-pool Iron Works a bar of wrought iron linch square was hoiig up 
by one end, and struck at Ihe botlooi by a small hammer continually for 
12 months until Ihe bar dropped in two. The vibration upon a railway 
bridge is too small to affect it. Doubts whether the fractures of railway 
axles can be attributed to vibration^ If in a railway bridge no permanent 
deflfctJOD has taken place after it hni been in use for 1% or \% months, 



coQsidera it has not been affected by the rnnaing of llietr«ia. Has no! 
observed that fish-bellied rails break from becomiog cryataltized. lo 
proving a girder allows a deflection of ^^ of the length. Cooaiders a 
rapidly passing weight will taase lees deflection than a stationary weight. 
Prefers cast iron in a!l cases to wrought iroo, In a span of 100 to SOd 
feet an arch is best ; if the height does not admit of it under Ihe road> 
way it should be placed above. The diificulty of transport Is the onlf 
limit to the length of castings. 

/oAa Hawkshaw^ E*q.^ Civil EngiDeer.<— Low Moor iroo is tbe beat for 
girder bridges, good grey Staffordshire the next best. l-3rd of Ko. 1 aad 
3-3rds of No 3 of the best StatTordshire or South Wales iron is a good mix- 
ture for lar^e castings. Hot-bl^st iron is not so strong a^s cold-blnst iron. 
The only gutirantee against the use of hot^blast iron is the character of Che 
founder. The strength of a girder should be seven limes the load, and 
would test it to at least double Ibc load. The spans for simple cast iron 
girders naight be iooreased beyond those in use. Would not hesitate to 
make a simple ca&t-irun girder of 100 feet span. lu designing a aiinple 
CASt-iron g:irder obtains the form for the requisite strength by Mr. Hodg- 
kifisou's formula, and trebles the area of Ihe top flange to get lateral atabi* 
tUy, thus making the top flange half the area of the bottom. In testing 
beams it ia desirable to give vibration by blows while the preaaare is on, 
or if actual weight is applied, to throw Ihe weights into Ihe scale. A ^\t- 
der cannot bear so much weight on one of the bottom flanges as if applied 
At top. Tbe weight so applied produces a lonioo. By increaslog the top 
Oauge aud adding brackets^ the torsion is diminished. It wootd be nearer 
a practical result to (eat a beam in tbe way in which tbe weight will be 
applied. The objection to contrivances for throwing the weight in the cen- 
tre plane of the girder ii^ that by departing from Ihe aimple form the liabi- 
lity to unsoundness from the casting is iuiTeased. ll is possible that wedk 
girders loaded with a permanent weight might increase in deflection aAer 
a length of time. The deflection of a girder should be almost impercep- 
ttbte. The Knottingty Canal Uridge of m feet span deflected half ao inch 
with an engine of 22 tons going at 50 miles per hour \ tbe bridge is too 
weak. Prefcra not using compound girders, it is however possible to 
make them strong ami safe. Preferss plain girders with the top flange 
increased to prevent lateral twisting. It would be useful to ascertain the 
strength of beams under loads applied as in practice. For spans of 100 or 
800 feet which must be crossed with a level soffit a truss like that for a 
roof is preferable, or a bowstring bridge. Joints and riveta will oot 
suffer from vibration if made originally strong. Where ihere is impact or 
vibration there should be large surplus strength, a breaking strength of 
seven limes the load. Has seen numberless cases of broken axles and 
broken rails, when frequently crystallization existed, but cannot say whe- 
ther it ia attributable to a auccessiou of btowa» Kxperimeuts oo the sub- 
ject are desirable. MilUgeariog affords examples already made ; tbe cast 
iron is there subjected to blows auil vibration, and the machinery goes oo 
running for years. The use of cast iron in mill-geariog gives coofidenoe 
iu its application to other purposes ; by inquiring into the wear and tear 
of mill-geariug, the length of time that iron will bear shocks might be 
ascertained. The irregularity iu the surface of the rails would cause a 
weight moving with Vflocity to deflect a beam more than a similar statioa* 
ary v^ eight* No practical velocity would he such as not to give time for 
deflection, Ice does not afford a parallel case ; ice has a t>etter surface, 
aud time must be allowed for the displacement of Ihe water. Ia erentiog 
two bridges w ith wrought 'iron tubular girders. Wrou^^ht iron ^ves more 
warning than cast iron. The load on railway bridges may be taken al 1| 
tone per linear foot. The heaviest load is a locomotive engine: there is a 
rule ou all railways prohibiting trucks being loaded beyond a certain 
poiut. Locomotives weigh about 22 tons, and the lenders fOor IS tons. 
The weight on a brid,ge covered with lotiomotive eugioes, including tbe 
roadway would he 3 tons per linear foot. It is desirable to ascertain the 
real fiicts with regard to the trustworthiness of cast iron. The conditions 
iiuder which cast iron is placed in railway structures is similar to that in 
mill-geariog, and Ihe quantity of cast iron shafting and length of time it 
hnn been iu use might be ascertiuned. Iss making a wrought iron bridge 
of 100 feet span ; it appears easier to coostruct one of that span of matle- 
ahle than of cast iroo. The coM determined the adopiiau of wrought iroo; 
objects to Ihe combination of wrought and cast iron except iu bowstriag 
bridges. The wrought iron girders are made double, to obtain lateral 
stiffaess. Wilboul reference to expeose, au arch is the best form for cast 
irou. The level soffit is adopted from necessity. For Ihe strength of 
wrought iron girders, Mr. Hodgkinaon'a formula for cast iron was used, 
adopting 70 as a coeKlcieDt instead of 2H, and taking care to make the 
upper flange strong enongh ; has do! had enough to do with that form of 
girder to be certain of Ihe precise proportions. 

Charht Foa\ E«q., Civil Engineer.— The mixtures to be preferred for 
particular works depend upon the locality, as the cost must be cousidered ; 
would use in the Midland Countiea irou from Staffordshire and Shropshire, 
on the sea coast Welch aud Scotch. Two4hirds Blaeoavoo (cold blast 
Welcb)| and one4hird of Scotch in equal proportions from the Ulackbaod 
and from Ihe Red Hematite, is a very good mixture. Is convinced that 
metal made by Ihe hot Idast would be as ^ood as from cold blast if Ihe 
mioe were properly treated i but the custom in Scotland has been to care 
for quantity not for quality. The only guarantee against ioferior metal ii 
I to contract that girders shall not break with less than a specified weight, 
I tod to cast one more than is required^ and select any one for trialj ami if 
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it faiU reject the whole. lo girders not subjected to iribralioDi ooosidera 
that the gre&teftt load should not exceed oDe-third of ibe brvftkiog 
might; in girders for raitwaj bridges, oae-fotiMht Proves g;lrders to 
dooblft llie greatest load. For girders of new foriTi<i applies the proof by 
dasd weight ; but id Icquwd forms, uses the hydraulic pre»s as beiog more 
oooTeaieat^ obserriDg the amouat of deflection. Coueidprs the objection 
ta the hjdrsDlic press obviated by the use of cylmdricai inBt«ad of conical 
Vllvea. The load on one of the bottom fiuages is not objectionable pro. 
Tided the girder does aol caot. Tesls girders sometimes by a weight ap* 
plied Lo one of the bottom flanges* Cottsiiders a span of about fiO ieet as 
the limit for simple cast iron girders. For girders to support a quiescrnt 
load would make the section of the top flange oDe-sinlh that of the bottom. 
Id a railway bridge, where the top tabic would not be supported lalerully, 
WOttkl make the area of the top table ooe-fourth that of ibe bottom. In a 
riJiwaj bridge, where the top table is supported laterally^ makes the area 
of the top flange ODe-fifth that of I he tnittom. The top Qaage of a girder 
being subject to coraprt- ssion may be compared to a cola mo ; aud if bent, 
iU liability to break will be increased. If circumslances required, would 
Stake a girder of uiorc than 60 feet long in one piece ; roving bridges over 
the New BimuDgham Canal are 80 feet long, cast in one piece. Id well 
constructed bridges the dedection of the platform should not cause any 
lAJury* Considers the smallest weight applied ini pairs ilie elasticity of a 
beam, and that a girder exposed lo change of temperalore and vibration 
wilt swag, and that this efliect will go on Increasing; but he coiiMders 
thiit tlie only dimitiutiou of strength from this is due to the diminution of 
the tectioDai area of the bottom table ; but that in ca^es where a beam is 
aot subject to change of temperature, it would retain its original position. 
Instaacea some girders G feet long for supporting hoods lo smiths' forges, 
which are warmed by day and allowed to cool at night ; Ihey swag nearly 
S inches in the centre. Considers that in the alteration in the arrange* 
nenl of the particles of iron caused by a change of temperature the wi^ight 
takes advantage of the change* Does not consider Uml rcmoi ing and re> 
placing a weiithl on a beam continually would have quite the sanae effect; 
aiciitioiis tbat aocbora when tested take a week to regain ttteir original 
potitioi] ; considers alteration of temperature more likely to produce swag- 
||of than vibration. Thinks that railway girders will gradually swag and 
Bust be exclianged, and tliat few which have been leu years in use have 
BOlswagged, but that their strength is only impaired to the extent men> 
tiooed above ; the greater the inertia of the bridge the longer would the 
scUou be delayed. Considerii the mode of supporting the roadway on one 
lide of the girder lo be wrong. The deflection of a girder should not be 
considered with reference to the span. For large f^pans, prefers cast iron 
oa the principle of compression. Would make straight girders for large 
spans of several castings bolted together with wrought iron tenaioo rods 
fixed horizontally along the bottom flange, and put considerable initial 
itrmin upon the wrought iron bars, that the cast iron may come into opera> 
tioo when the wrought iron is under a considerable degree of teneiou, no 
that the ultimate effect from the two may be abtained. The eipao^iou 
produced by changes of temperatare being only a difleretitial qiisulily, 
trould b« small in a length of 100 feet; and the wrought iron beiug more 
daatic than cast iron, should bear it. Tbe bow string girder, with a bow 
of out uid a string of wrought iroo^ would be cheap and safe. A bridge 
for crtMilog the Amo is being made of straight girders on the above men* 
tiooed principle ; the wrought iron bars are under a tensile power of G 
tons per square inch. In process of time tbe wrought iron would stretch; 
WTODgbt iron would stretch ^th inch in 10 feel, with a weight of 10 tuns. 
Wanid not lei rails rest on the top of a wrought iron riveted girder without 
apiece of wood between. Girders made of separate castings should, in 
addition to bolts, have a wrought iron tie bar. Soft timber between tbe 
rails and girders will prevent danger from vibration. Considers alteration 
of temperatare as likely to subject wrought iron girders to a great deal of 
oodue compression and extension. Thinks experiments on impact and 
ribratioo desirable. Believes that wrought irott is rendered crystalline by 
a succession of slight blows at a low temperature, and has observed that 
iJbe older axles are, the more crystalline they are ; also remarks, that if the 
llfMMl of a screw be cut on a bar of fihrouB iron, the tapped part will 
bmk with a more cryglalline fracture than the other* Shafts in mill 
work break and exhibit a erystalltoe structure. Thinks cotd hammeriog 
iqfttHout to axles from tt^uding to make ibem crystulline, and also from 
producing a strain like tbat produced by straightening castings by ham- 
mering. Would prefer their being fliiislied at a high temperature to being 
aaoealed. Cold hammered axtes may be detected by tbeir appenrance. 
Tbtiika experiments on long coutinued deflection are very desirable. In 
titimatiog tbe strength of a girder, adopts as tbe greateit weight 1| tons 
per foot per single line of way ; that it i-ton per foot for weight of platform 
and 1 ton per foot for weight of train ; fortwo girders of 40 feet span, would 
take the weight at GO toua distributed, equal to 30 luns in the centre. 
Would calculate the breaking weight of each girder at 00 tons in the 
centre, and prove them to SO tons, Considers that with a carefully laid 
road the deflection due to rapidly moving weights Is less than that due to 
flicil weights at rest, from tbe shorter time allowed to overcome the vit 
hmriiat of tbe bridge. Tbere has been a great want of fixed principles in 
tba coostrucUoa of railway bridges: no general principle has been laid 
dowQ ; whilst one cngioeer is satisfied with one amount of proof, anoUier 
adopta SIX times at much. In making contracts for railway chairs, itipu- 
I that the mixture he uses when cast luto a bar of n certaiu form shall 



break with a specified weight Is inclined to think the castings firom the 
air furnace betier than those from ibe cupola, but the dttTerence is very 

mioate, 

Henry GriMuU^ Eaq.^ Iron-fonoderand Machinist.-^Amongst other large 
works, i^ at present conslmcting a built girder bridge for a span of ISl 
feet ; it ia 12 feet high, and weigbs 100 lon» ; it has been proved to 108 
tons dialrlbuted over it. Has uot studied the chemical constitution of 
iron. Prefers a mixture of iron for castings. Tbe mixture depends oa 
the state of tbe markets; and from old iron being so plentiful in London, 
pig-iroQ is uot conaidered so much as in the country. Mixes Scotch iron, 
old iron, cold-blast Welch iron, the proportions being dependent on the ap« 
pearance of the fractures; fur cylinders a larger proportion of cold-blast 
iron is used than for girders. Considers London castings 15 per cent 
stronger than country oneit, from t^e use of old iron. Hot-blast iron when 
mixed is as good as coId*bUst, but alone it is not to be depended on. Tbe 
proportions for mixtures are so dependent on (he qualities of iron, that he 
is gtitded by the appearance of tbe fra8liirea in delermiuing them. Cod- 
siders he could mix iron so as to make a casting bear any weight in rea- 
son. Could not tell hot^blast from cold-blatt iron from the fracture. Tbe 
proportion of stress lo strength varies with the section of tbe girder and 
the strains to wbicb it is subjected ; generally considers the load should 
be one>tbird tbe breaking weight for railway bridges. Handed in the rule 
he adopts in calculating tbe strength of girders. Has made simple and 
compound girders* Would make a girder in one casting 50 or GO feeL 
Considers a level top Hauge a waste of mii>ta]. In designing a girder. 
Judges by the eye of the probable strtiius it would be subject to, and tben 
calculates the sirengibf aud alters tbe form fo as to obtain tbe greatest 
strength with tbe least quantity of metitl. Adopts the double T seclion, 
the bottom flange beiug largest. Girders may be proved by a lever or an 
hydraulic press; tbe latter is what be usually adopts, aud it is ai certaia 
aa the lever when correctly made. Does not think a girder will bear tbe 
same weight if applied only on one flange as if applied to both equally* 
Proves girders to find out nhetber the casting is sound, and so applies the 
proof to the top. Has never noticed that length of time or change of 
temperature makes beams svt ag. For compound girders prefers tlie built 
girder. Considers half an inch deflection may be allowed in every 2,9 
feet of length ; can regulate Ibe di'iecliou by ibe mixture of iron he usee; 
would not consider a beam injored by a dedection of } inch in 20 feet^ 
if it returned to its original position. For large spans nhen uot tied by 
expense or height, would i;enerail) prefer a built girder. But lb inks that 
an arch Is a stronger funu iban a straight girder, but mure expensive, 
Would guarantee a straight ginler with top and bottom 0auge to bear any 
amount of pressure. Would not hesitate to use one for a ijpan of tOO 
feet \ thinks it would bear any weight th^t could come on. Does not 
think impact and vibration would affect large bolts and rivets, but that 
where no more thai Just the neceisary strengtb is put in, every jar would 
tend to JooHeu tbem. Tbiokb vibration daiigerous to wrought iron; vi* 
bration takes much more elFect on wrought tbau on cast iron. Has ob- 
served in crane chains an alteration in ibe structure of tbe iron, after a 
few years' use ; instead of its breaking with a black tensile appearance^ 
it breaks short and white like cabt-inio; it is changed from beautiful 
malleable iron to the appearance of very good cast-iron. Cold hammering 
will alto produce Ibis eHect on cast-iroUt but it can be restored very 
nearly tu its original texture by annealing. Feels convinced wrought-iroa 
girders will become uttered to a cryetallinc trxture by vibration. Know* 
no case of cast-iron becoming altered, or breaking from vibratioa alooe* 
Has not given bis attention to axles. Has made numerous experimenta 
on iron of all sods and mixtures. Considers tbat if tbe form of a girdfir 
be given him, be could mix Ibe iron for makmg it to such a degree of 
nicely, [ibat he could guarantee any amount of deflection, and carry any 
load required in moderation. Attaches the gfealest value to old iron, but 
not to differences in pig-iron ; considers all Scotch iron to be much of the 
same quality, ejicept one or two sorts, which are very superior* The 
metal formiitures must be selected with great judgment. Does not con- 
sider it necessary to try the relative strengths of tbe diflereat sorts of 
metal before mixing, but judges of the proportions by the fracture. A 
good mix tore would be one-tUird hot-blast iron, one-lhird old iron, one^ 
third Blaenavou Welch iron, but be does not confine bimiielf to one parti - 
cular mixture. 

Pe^fr William BarioVt ^q-t Civil Engineer. — Has been cmployeif 
chiefly latterly on the Syutb-Eastern Railway. Has not observed much 
dilference in the strength of castings. Has always made tbe breaking 
weight of girders six times tbe greatest load for railway bridges* For 
other works four times would be sutlicient. Proves girders to one-third 
of tbe breaking weight, or double the greatest toad. Prefers proving 
tbem with actual weight, and giving some vibratioa to tbe beam by 
putting on tbe weight. Girders will not bear the same weight wben 
resting on the bottom llange as if applied at lop. Has adopted 
anotber form of girder, the object being to make the bridge one 
complete plate. Considers 40 feet as tbe limit for such a bridge* 
Has made one over a railway ai Tunbridge vvelb. Finds that tbe 
deflections are less than be calculated, from the assiHiauce oue pari 
affords lo another. Has not observed any injury from the bendiug 
of the joists which carry the roadway between two girders. Haa 
not noticed any increase of deflection from a permanent load or frouk 
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changeft oi tenpeimtare. Allows -g^f^ of the span for the deflection of- 
a girder. The deflection of the Godttooo Bridge it ^^th of the span, or 
4 ths of an inch. Proposes 40 feet as the limit for simple cast-iron girders. 
Used a level and leveiliog staff for obtaining the deflections of the God- 
stone Bridge. Considers the girders rest so firmly on their beds, that the 
deflection observed is not due to any yielding in that respect. Depends on 
Mr. Hodgkinson's rules for the form of coQstroction for girders. Has 
made no experiments on the amount of torsion caused by supporting the 
roadway on the bottom flange of a girder. Considers a girder of separate 
castings bolted together is a good mode of construction beyond spans of 
40 feet. Would not use that method for bridges of 100 feet span. Would 
limit girders cast in one piece to 40 feet span. Does not consider suspen- 
sion rods a good mode of combining wrought and cast-iron. Would lay a 
wrought-iron rod along the bottom flaoge. Assistance given to the ex- 
tended part of a beam is more efiective than when given to the compressed 
part. To avoid a large mass of cast-iron, would lay a wrought-iron rod 
along the bottom flange. Does not consider that the different rates of 
expansion would prevent the wrought-iron coming into play. When the 
bridge gets much load it must come into play. Prefers an arch of cast- 
iron where expense or height is not a matter of consideration. Is making 
one over the Surrey Canal of three pieces bolted together. Does not 
consider the vibration on a railway bridge suflicieut to disturb the screws. 
Does not consider that there is much difference of effect between engines 
going fast or going slowly. Does not think vibration so important as is 
imagined. Fancied he observed an increase of deflection from engines 
going fast ; there was a great deal of horizontal jar. Which be attributes 
to blows given by the engine on the rails. Some may be due to the torsion 
created by the weight being on one of the bottom flanges. Has not ob- 
served any change product^d in the internal structure of iron from repeated 
blows at a low temperature. Thinks the subject an important one, and 
that experiments could be made best by breaking beams which had been 
long in use. Or testing girders whose previous test had been recorded. 
Engines und tenders are being made, weighing together 32 tons. Engines 
for inclines weigh as much as 30 tons without a tender. In estimating 
the greatest load for a railway bridge, considers it covered with a train, or 
a train composed of engines. Considers the Commissioners might make 
some useful experiments on the Godstone Bridge. Has paid attention to 
wrought-iron girders. It is desirable in a girder to concentrate the power 
of resistance as near the top as possible, and tlie power of extension as 
near the tiottom as possible, which can be accomplished in a cast-iron 
girder ; but in wrought-iron tube girders the bottom web. which does most 
work, is a very small proportion of the whole section. Prefers wrought- 
iron, or wrought-iron combined with cast-iron, to resist compression, to 
cast-iron alone. Considers solid-sided wrought-iron girders an imperfect 
mode of construction. Thinks the top of tube girders should be of cast- 
iron. For a large span, considers wrought-iron safest. On account of 
the uncertainty of cast-iron would make a cast*iron girder 50 per cent, 
stronger than a wrought iron one. The relative expense would be about 
half. 

William Fairbaim, Esq., Civil Engineer. — In early life was a mechanical 
engineer. Has been employed in engineering works of various descriptions. 
Thinks Welch cold-blast iron, Blaioa, for instance, best for girder bridges. 
Considers most British irons improved by mixture. A good mixture is 
two-thirds strong Welch, No. 3, the remainder Scotch or Staffordshire, 
No. 2, with a little old iron. The same mixture is used in girders for 
railway bridfres and girders to support dead pressure only. Thinks Mr. 
Morries Stirling's patent for mixing wrought iron with cast iron gives 
indications of very superior strength, and states the results of experiments 
upon it; also cites experiments by Mr. Lillie, of Manchester, on the 
mixture of wrought and cast iron, which proved that the mixture was 
one-third stronger than common cast iron, and one-eighth stronger than 
wrought iron to resist transverse pressure. Considers the following mixture 
of cast iron the best, viz. : — 

Lowmoor, No. 3 30 per cent. 

Blaina, No. 2 25 per cent. 

Shropshire or Derbyshire, No. 3 . . . 25 per cent. 

Good old scrap 20 per cent. 

100 
This mixture can rarely be obtained on account of the price of Lowmoor, 
and founders cannot be depended upon for the exact proportions. Prac- 
tically he doubts any mixture unless the parties interested were present 
to witness the selection of the iron, and to see it pot in the furnace. 
Scotch and Staffordshire iron are good for light castings. Good castings 
depend on the care of the furnace man, the temperature of the furnace, 
and the heat at which the metal is run into the mould. Recommends the 
anthracite iron where rigidity and strength is required. The strongest 
iron should be put in railway bridges. Considers that the hot blast does 
not improve the quality of Welch and English irons; but that its applica- 
tion in the Scotch furnaces to the reduction of the black band is an im* 
provement. Scotch hot blast mixes well with Welch irons. The effects of the 
hot blast vary with the quality of the fuel and ore, and much depends on the 
quantity of sulphur present in the coal and coke. The Lowmoor ores 
were injured by the application of the hot blast. Fuel is an important 
element in the manufacture of iron, the nearer it approaches pore carbon 



the better. Is the Scotch Uack band and aioular offeethe hot bUst wiU 
bring more iron oat of the same mine than the cold blast. Thm bet Uul: 
enables the manufacturer to work up not only poorer ores but ciadsc- 
heaps, into apparently fine granulated iron. The use of the hoi blmsi at^ 
first led to the introducttoo into the market of a very iolerioff desertptieB- 
of iron. Considers the Scotch iron weaker and more fleid than nnst 
English irons ; it is equal to Staffordshire, but weaker-tha» Welch aad 
Yorkshire. Scotch iron is an exceedingly fluid and fine-working iras^. 
and well suited to machinery ; it runs well into the mould, ami hrisgi 
out the castings with the edges sharp. Doee not think the most ezperi*. 
enced metallurgist could tell the difference between hot blast and odd 
blast iron from the appearance. Considers that hot blast preseots greater 
uniformity than cold blast in its granulated appearance, and indicates a 
more perfect process of crystallisation, probably arising from the greater 
heat of the furnace. In cast iron girders, would make the breakiag 
weight four times the greatest load. In structures exposed to shooks or 
vibratory motion would adopt five times or six times. It is safer to adopta 
light load, so as to make allowance for casual strains which cannot be oom« 
puled. Never proves a girder to more than half the breaking weight, geadi- 
rally one-third ; disapproves of testing a girder much beyoad the permanent 
load, the object being to ascertain its soundness and elasticity ; a farther 
test lends to permanent injury. In testing girders, carefully inspects the 
outward appearance, and then hangs weight from the centre, and obsenres 
the deflection and permanent set. Does not consider that a pennaaent 
set given to beams in the early stages of losding injures the strength. 
Thinks that within certain limits the form of a beam may be distorted 
without its strength being injured* Considers that to support the load on 
one side of the bottom flange is wrong in principle, and to a certain eateot 
injurious in practice ; but the method has many conveniences: to meet 
the requirements of structures, self-evident principles must in practice be 
sometimes abandoned. When the load is supported on the bottom flanfe^ 
the bearing should be brought as close as possible to the central web, bj 
casting a fillet or shelf to carry the cross-beams : bolt holes should be made 
as near the neutral axis as possible , or when required for bolting wooden 
bearers to the bottom flange, projections on the bottom flange should ba 
cast to receive them ; boltiug the roadway to the girders resists, in a great 
measure, any lateral strain on the girders ; but the lateral strain is best 
resisted by broad top and bottom flanges. Considers bolt holes and other 
perforations in cast iron girders very objectionable, and they should la no 
case be made, even through the neutral axis, without thickening the adl)^ 
cent part to compensate for the part taken out. These objections arise 
from considering the complexity of such a girder and the additional male- 
rial required to make it equally strong as if plain. Is an advocate for 
simplicity of construction in everything, and would only allow distortion 
of form when inevitable. Would prefer supporting the cross l>earers on 
the top flange or suspending them from the bottom flange by hook 
bolts. Supporting the road on one side of the bottom flange is wrong in 
principle, but convenient. If the lop flange be broad and rigid, that mode 
of construction is less objectionable. It would be advantageous to seek 
for a new form of beam ; a narrow top flange, though well proportioaed 
for vertical pressure, is weak to resist lateral strain. The practice of 
supporting the roadway on the bottom flange is simple, cheap, and conve- 
nient, and will not easily be abandoned. Recommends a new form of 
girder to be sought for, to give the girder sufficient stiffness. Has him- 
self always increased the top flange to resist the lateral strain. In a large 
span with girders having small top flanges, the lateral deflection, if not 
resisted by a firm connection of the cross beams to the girders, might cause 
an outward pressure dangerous to the structure. As girders are generally 
tested to ascertain their soundness, it is usual to apply the test to the top 
flange, but it would be of great value to test them as they are to be used. 
The test is usually applied to ascertain the soundness of the casting, the 
strength being computed at three or four times the load. The joists which 
support the roadway when carried on the bottom flange, tend tocanse by 
their deflection a lateral pressure on the girder. This eflfoct takes place to 
some extent in wooden and Sandwich beams ; from experiments it appears 
that this latter description of cross beam is weak, and its elasticity so im- 
perfect as to render it inadmissible for supporting great weights. TTbe 
Sandwich beam is objectionable and expensive. Is of opinion that abeam 
loaded with a given weight, even approaching its ultimate powers of re- 
sistance, would support the load ad injfimium if not disturbed or eiposed 
to changes of temperature; although time is an element in the change 
which takes place in every material, any increase of deflection in a loaded 
girder may be traced to atmospheric action, vibration, change of load, 
and temperature : remove these disturbing causes and the deflection will 
remain fixed. Cast iron of average quality loses strength when heated 
beyond a mean temperature of 220*^, becoming more ductile and less rigid 
to resist an uniform strain, and becomes insecure at the freezing point or 
under 32° of Faiireoheit. In girders of 40 feet span {inchis the maxi- 
mum allowable deflection, that is, '02 inches per linear foot ; *006 inches 
is preferable. Adopts Mr. Uodgkinson's form of girder modified in the 
top flange to ensure uniformity in the casting. Considers 40 feet to be the 
greatest allowable length between the supports for simple cast iron girders. 
Knows an instance of a girder 70 feet long, cast in one piece in Holland. 
Never heard of a girder breaking by its own weight ; a properly propor- 
tioned girder could not do so. For spaas beyond the limit of simple cast iron 
girders which must be passed with a level soffit to the extent of 100 or 20» 
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Hpfr«t« rtcommenAs the wrought iron tuiiiiUr or box ginier* Being a slroDg 
Hi«dvfitHte for simplicity in inechajiJcal stmctureSf hewoolcl not recimiiiiend 
V*coiDpoond girders where they can be dispensed wUh. Approves of 
W --WTtMighl iron teosioD rods to girders oniy in casea of oecesnfyf and where 
~ the Itvp flaogre iis ^ntu-ged, hot prefers girders all of one mftterial, even if 
funned in p«r1». Would rather give strength lo a cast iron girder than 
assiit it by a wrought iron truss; the two materials are so widely different 
in rharacterthat il ia safer to keep them separate. By screwing up the 
tfosioii rods a ttraio is thrown either on the girder or on the tea«iioD rods 
'IfcflBiielTPs; an ignorant person might do injury without being aware of 
It. When not limited by expense or levels, would prefer for narrow spans 
a f iDBple girder ; for moderately wide ^pans, the arch ; for spans eiceed- 
JBgTtiorSO feet, the wrought iron girder. Thinks that do %ibratioa to 
wbtcb railway bridges are subject can injure the joints or riveti^i unless 
the work 15 shamefully executed ; nor wonld injpHct have any eflect on 
the jotnls of a well-made cast iron girder. Does not think any effect is 
ffodaced 6j the load in skew bridges being alternately nearer one side 
than Ihe other. It is the optnion of some practical men and philosophers 
that iron when hammered at a low lemperuture undergoes a complete 
change in its internal strncture, and that this elTect i^ due to percusaaon, 
btat^ mod magoettsm, and time^ which is an element in every process of 
try stall laftHon. The application and abstraction of heat operates more 
imlkf than probably any other agency ; tuo much infloence is pro- 
1 t<i the other- mentioned causes ; a bar of the best wrought 
Itid red hot and planged inio cold water,, is changed from a fibrous 
'ttrscrysftalltne body ; heating and cooliug will produce this effect in a de- 
cree proportioned to the intensity of the heat applied ; by annealing the 
I'lPOD its fibrous texture 19 re stored , and some limes made more tough than 
'l>elbre. Thinks magnelisin may have some eflf ct ; but often where causes 
»are loeTplicable we fly to electricity for lite solution; healing irou to a 
^kifh feiDperature deprives it of its magnetic powers which arc restored by 
cooling. liouhlt^ that vibration changes the fibrous structure to a crys- 
lailine one, but thinks iliat each blow produces injury. Axles uf a loco- 
Oiotiw oBgiae are subjected to repeated ahocks from irregularities i& the 
mflSMMthtferal action in passing curves, from a budy weighing 18 or SO 
iOOSy BOtiaff^t 40 miles per hour. Each percussion li^tids to bend the 
'SSle«4 and from the injury being continued many thousand limes, it is 
evident that time alooe will delermine the moment of fracture. If the 
Mxits were so rigid as lo retist the effect of percussion, no injury could 
cier take place or crystal lisatioo appear. A bar beat with a small bam- 
taer is not altered at all, but the blowf of a large hammer produce a 

I change of form which renders it britiie. not probably crystallising it. Is 
of opinion that a fibrous body cannot be changed to a crystMlline one by 
jjj^ . 1, w. rqi process, except whea percussion is carried on to the ex- 
teiji J[ig It considerable iocrease of temperature. Fibres may be 

ahor continual bending, and the fMirts be thus made brittle, but 

fibres canooi be changed into crystals. These changes apply to all mate- 
rials subjected to repeated alteratioas of form. Has not traced the break- 
ifigof mill work to the ebange of internal slruclure. The shafts usuaJly 
break eventually from getting out of line. It would be interesting and 

»«feful to (txperiment on the above poiots. The greateit weights on rail- 
(Ways may be reckoned at H tons per foot linear for a single line, or 
ttwo tons per foot for a double line of rails. Considers that rccommenda* 
tions made by the Commission as to particular forms for bridges would 
probably not be followed, but that expenments would be very benefjcial. 

Jtttfjth Glijnn, £s^., Civil Engineer. — Was engineer in*chief to Ihr Biit- 
tetley Company, Cast iron is always combined with earths, as lime and 
giHca, as well as with carbon ; the more pu#e the iron is the stronger it is, 

*"NeTer saw pure iron. Iron cast from the air ftirnace of n mottled or of a 
dear grey fracture, bears the greatest weight. Iron cast from ibe air 
furnace is stronger thnn from the cnpota. Doubt^i the utility of mixing 
I -wrought with cast iron for increasing the BtreDp;th of iron; doubts the 
complete union of the t^fo. The qnality of iron depends^ lo a. certain ex- 

'toit, on the ore, fuel, and flux used ; and an eipehenced pensoii can gene- 

♦Tally tell what the produce will be. From a revrrberalory furnace the 
Lfcquired mixture can be invariably produced. The length of time iron 

-leRiaios in the furnace affects the quality. In the air-furnace it is 
weakened by remaining loo lon^. The best mixture for girders is about 

.one-third of strong cryitalline M ekh iron with two4hirds of the softer irons 
of Derbyshire, Yorkshire, or Shropshire. The hot blast of itself produces 
no effect 00 iron. It may be used to smelt atabboru untractabU materials 

'that would not afford strong iron, and could oot be otberwise smelted. In 
the west of Scotland inferior iron has been produced by means of the hot 

' blast. There is no certain mode of detecting the difference between hot 
and cold blast iron, but iron of a dark grey colour and very Gae in the 
crystal, is generally hot blast. The difference ia more marked as iron is 
barder. Loam castings are stronger than open sand. Casts machinery 
required to be very strong from the air-furnace in dry sand. A shaft cast 

* in an upright position is stronger than one cast hortseonially 00 account of 
I'the impurities boating to the top, and the density being increased. Adopts 

'the H form for the section of girders, the bottom flange being largest. 
Would not make a simple oast iron girder more than 50 feet lung. Wkere 
«|>att8 have exceeded that, has always used the urch«-d form. Built an 
arched bridge of 70 feet span over the Aire, at Haddesley ; and one of 100 

^Ibct span over the Treat on the Midlaod Counttea liailway. Hould in* 
^atiably employ an arch when possible* Would not employ wrought iroa 



as an auxiliary to ca»t iron in point of strength. Would only empby 
it for bolts; on a large acale the workmanship caimot be so accurate that 
^ach will bear its share of the atress. For spans beyond M feet, would 
give the girder as much depth as possible, and join the pteeea by bolts and 
dowels. Would not have a wrought iron truss. When the workmaoahip 
ia good, does not consider the vibration and impact can affect the bolts and 
rivets. Believes that the internal structure of iron becomes altered by 
being submitted to a succession of slight blows at a low lemperature. I.^s 
seen many axles broken which presealed a coarse crystaUiuc fracture. 
The continual succession of blows induces fracture, and changes the inter* 
nal structure of librous iron to crystalline, the crystals inerenaing iu iiKe 
aa the effect goes on. Crane chains made of fibrous iron break in a few 
years with a crystalline fracture. Considers the same effect takos place 
in cast iron. Shafts in milbwoik break. And there appears to be a limit 
as to time in the durability of wheels. The fractures 10 these oases exhibit 
an increased size of crystals. Considers that a atationary weight would 
deflect A beam more than a moving one. Never made large girders of 
wrought iron plates; the method is adopted for paddle beams of steam- 
▼easels, vibration has i^ot affected those made for steam vessels, oor did 
the rivets become loose. Considers that the strength of a wrought iron 
girder is diminished by ridels. 

Wiiiiam Heniy Barlow^ Etq,^ Civil Engioeer.-^Is resident enpoeer to 
the Midland Railway, Has found so much diffioulty in obtaining the 
qnality of iron specified that he now simply specifies the dimensions of 
the girders and the te»t to which the iron in lo be submitted, leaving the 
mixture to the founder. Objects to the inferior qualities of cinder iroa 
and hot blast iron generally; though, at times, hot blast iron exhibits good 
r^Bults. Some specimens of hot blast are as strong as cold bla«f. Hot 
blast iron seems more liable to abuse in manufacture than cold blast. Is 
out aware of any mode of telling hot blast trun from cold blast. Specifies 
that girders should bear a given weight with a given defiectiou. Would 
make a girder so that the breaking weight should be four time the greatest 
load. Considers thai eato for weights moving at liigh velocities. Proves 
a girder to half the briaking weight. It give^ the girder a permanent set, 
but does not consider that it injures its strength. The proof is proporlioned 
lo what the girder has to bear. Tests them by dead pressure by the 
hydraulic press. Has not tried impact, during the test but thinks it might 
be desirable when the breaking weight of the girder is nearly approached; 
but, practically, would give a large amount of surplus strength. Kever 
allows the load to exceed oue*fourth of the breaking weight; it is often 
onci^fifth. The pressure being applied in the central plane of the girder. 
In actual structures the pressure ia usually applied lo one side of the 
bottom flange, but does not cousider that when the surplus streitgth is so 
great and the iron good that it is of importance to apply the test in the 
same way. A torsion ia introduced; it is not, however, so perceplibW in 
•hurt girders. The elQect of a great permanent load on girders is not in 
operation in railways; but girders do oot appear to be deteriorated by the 
frequeat passage of h load. The one-foriieth of an inch to a foot is assumed 
as the amount of deflectiou that may t>e allowed in girders, bat it is 
empirical. The short time which a load rests on a railway girder appa- 
rently renders the weight of less effect than in warehouse girders which 
bear a large load for years« Observed once on a timber viaduct tf tat a 
goods train produced a certain amount of deflection; an express train 
cMjming afterwards, though with n lighter eogiae, seemed to produce a 
wave through the bridge, and evidently produced a worae effect ilian the 
goods traiu. The point of maximum effect would not be when the load 
was iu the centre of the bridge. And this is probably a reason for allowing 
girders to deflect less in railway bridgeti than when exi^scd to tiead pres- 
mireoBly. Has generally adopted Mr. Hodgkinson's form of girder. In 
spans of 50 feet, whenever the headway allows, prefers and has adopted 
arched girders, which are supported by abutments), and also art as girders. 
A skew bridge on that principle is a series of square bridges. The arched 
girder for the bridge over Ihe canal at Weelock is in two pieces, bolted 
together iu the middle ; Ihe rise ia one-tenth. There are case;; where on 
account of the headway rectangular openings are required, but they are 
rare; girders have been used lo a greater extent than necessity required^ 
from being in fashion. The length for cast iron girders will be limited by 
the power of casting them ; has not used any longer thau 42 feet. The 
bowstring bridge ih the best mode of cou»lruciiofi where the spans are too 
large for simple girders, a oast iron aruh with a wrought iron string. In 
a very large etructure the rise of the arch might allow of a pair being tied 
together at the top. If in combinations of wrought and cast iron, the two 
metals are boiled side by side, the different rates of expansion rnighl pro- 
doce a bad result. Has not found that the impact and vibration to which 
railway bridges are subject ha^s produced any bad effect on the bulls and 
rivets of bowBlhog girders. The girders in skew bridges might, if the 
deflection were excessive, suffer from the load coming on the centre of ooe 
girder lie fore it comes on that of the other. Except at high velocities the 
maximum effect will take place when the load is at the centre. To try 
the effect of impact of trains, whitewashed the rails for a mile on an incline 
of 1 in 316. and watcheil the effect of a fast train of 12 carriages goiog 
down it over them ; iu cases of imperfections at the joints, there were 
spaces 5 inches in length untouchett by any wheels in the train. The rails 
weighed 78lb. and were 00 wooden sleepers. Used to use felt as an inter- 
poaing medium to diminish vibration^ which answered for light eoginefl ; 
the preaMt ones are eo beavy that any eubslanQe is ooon oroihed oot. 
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Sotne eoi^ines w^igh nearly 30 tons ; a new one on foar wheels weighs S2 
toDi. Has observed that the internal structare of smiill pieces of wrought 
iron becomes altered by blows. Caused a piece of the best and moat 
fibroQS wroiiifht iron from the Lowmoor works to he hammered by hUck- 
smitbs for 10 minutf^s, and quite a change in the teilure was produced; 
bj eoDtiuuing the hammering for haif-an-hour, it was altered from a 
fibroas to a granular texture. Ailed are not exposed to the same sort of 
blows as hammering gives; but axles have broken with a crystaliliiie 
fractiire. The very heavy eogiites lately introduced begin to crush the 
rails ; eight torn on each wheel se^ms beyood what the rails as now con- 
straeted cao carry. The wheels of the large engine above meutioaed are 
ill fe«t apart. It baa travelled with two carriages at 78 mtles per hour. 

Robert Stephenson^ E*q., M.P., Civil Eogioeer.^ — Mentions that it is wel[ 
known that the fluidity of Berlin iron is due to the presence of arsenic, and 
that the Welch and Yorkshire irons are contra^^ted by rhe one being hut- 
short and the other cold-short, which is due to Ihe presence of phosphorus 
on the one baud and maDgaaese on the other. Used two or three cwt, of 
the new iron from India; but the workmen did nut understand it; it 
retains its malleable properties to a high trmperaturoi and tbeo loses them 
yftrj suddenly and becomes fluid. Mr. Morries Stirliog^s method of intro- 
ducing wrought iron into cast iron, is a commercial qupstioo, unless it 
gives more flexibility or toughness to the cast iron and makes it approach 
the quality of wrought Iron ; far if the additional quantity ofcocnmoo iron 
required to make op for the difference of strength can be introduced at less 
expanse than his mixture can be procured, he would be beat ont of the 
market* Weight is, how4*rer, an i«tiportant element iu steamboats. Pre- 
fers a mixture of irons wherever it cat* be obtained, withoiiC having any 
speciflc opinion as to which mixture is best. Made several experiments 
on mixtures at Newcastle ; does not think the diflference between any irons 
ao great as to make it worth whil^^ incurring additiooal expense; 5^ 6, or 7 
per cent, ta probably the range on one sjd<} or the other from the medinm 
of all the irons in this country ; when using hot blast iron, altera the can- 
•tant in Mr. Hodgkiu^ou^s formula to make up for any dtttvcX tn quality. 
Hot blast iron beiog very fluid, is better adapted for small articles than 
cold blast ; it appears to approach the Berlin metal. Would u^ie either 
liot blast or cold blast iron, but prefers a mixture. Though you may 
•pccify that the iron be without cinder, you cannot ensure geltitjg it. Htis 
not found much difference between anthracite and other iron. The large 
castings for the bridge at Newcastle are of anthracite and hot blast from 
the neighbourhood. Conaidpra that there is very little ditfi!?reace between 
the strengths of difl^c^reut iroDs, and that it can always be mude up by 
varying the constant in the formula. Never met with iron varying 15 per 
cent, from a standard. Is of opinion I hat^^ taking the average of irons in 
this couotry, there is a great proximity to au uniform stiindard ; iruns vary 
4o a small extent on each side of that atandHrd. ThouRh one iron com- 
pared with another may give a great diffl^rence of strength, a mixture, for 
which all engineers stipulate, annihilates th»>«e variations. Always adopts 
Mr. HodgkiDSOo's formula. Adopts the conatnnt he gives, vise. 25 or 26 
with a mixture; if compelled to use hot blast iron, would take 20 as the 
constant, this number being d erived from experiments. Has not the same 
confldence m hot blast as in cold blast iron, rather from opiuiun ihun 
experiments. Understands that the fracture of hot blast is darker and 
more carbonaceous than cold blasts which shoold be a dull lead grey. 
Generally employs six. times the working !o*d to be the calcolaled 
Strength of a girder, and tests it with a weight equal to two trains ofloco- 
moiivea, or two tons per foot in length. Has added to the bridges built 
on the plan of the Dee Bridge, three castings rorresnoudiog to the lower 
ones, by means of which the line of thrust is raiied above the hanzoTital 
line. The deflection of abridj^e of ^0 feel span so alttred was I 00 inches 
with 50 tons in the centre, equal to two trains of locoraoiivesi it is rather 
loo slifl'i considers that a certain amooot of flexibility in a c«8t iron girder 
is essential to resist the suddenness of the passing weight \ it should yield 
ao as not to convert pressure into concussion. Tests large c<*mpound gir- 
ders to otiethird the breaking weight, and small simple girders to one* 
sixth. Tests small girders with the hydraulic preiis ; large girders, with 
dead weight, suspended from the centre. Iron chiifip:) holding the boitoni 
flange support the platform for the testing weight. The weight is applied 
in the centre* In bridges it is applied on one side, but the tor?ijon so 
created is very inconsiderable and may be disregarded. It is not neccs- 
BKTy to test girders with weights applied ae in practice i the b^am^ that 
form the platform rest close to the vertical wrb. When girders have bren 
tested accidentally in that way, has not found any dilff rence ; when two 
girders are tried by the hydraulic press it is by accidifol oal> thai the pres- 
aaro is exactly in the vertical plane. Does not consider that alierationi? 
tak« place in iron bridges from length of time or change of lemper^ilur*' ; 
the engine b«am of a Cornish engine, with a 90 inch c>lii*der, receives a 
shcMsk S or 10 times a minute, equal to 55 tons ; has known them work f<ir 
20 years without the smallest perceptible change. On Ihe IJIackwHlI 
Railway, 120,000 trains, each of 12 carriages, have passed over girders of 
48 or 40 feet spaa, and when examined four or (ive mouths ago, no percep- 
tible change had taken place, Tliese girderii were not made Iu carry 
locomoliyps, and they are daing as near their ultimate duiy us girders 
carrying locomotives. With respect to the qnestton of cfcmo;,5eio the internal 
structure of wrought iron, knows of no instance vvhere some impoftaut 
link was not wanting to complete the ri>asonmg; that hammering may 
produce brittleoesa iu iron is probable but not certain ; the connecung rod 



of a steam engine vibrates at ordinary speeds eight times fa a second ; OM 
JQSt come into the shop from the Norfolk line has run 50,000 miles; Ibe 
rod has vibrated 25,000,00^ of times ; yet, apparently, oo change can be 
detected. With respect to axles, has never been able to come to a ooB« 
elusion whether the axles that broke were flbrous to begin with. The 
connecting rod being so mach smaller, is more likely to be fibrous ; a piece 
of iron roll&d from I foot to 80 feet is almost necessarily fibrous ; bat 
when rolled from 1 foot to G feet it is not necessarily so. Does not belk?« 
any change takes place in cast iron. Considers ^^^th of an inch to a foot 
may be allowed as the deflection for a girder. Considers the deflection 
from a moving train to be less than that f r^m one at rest. There may be t 
lateral strain, but is satisfied that the vertical strain is less. Adopts Mr. 
Hodgkinson's firm of girder, with slight variations according to circam- 
stancea. Usually puts two girders under one rail with a baulk of timber 
between for short spans ; in some cases it is desirable to have nolopflaogft. 
With statical pressure adopts 3 to 5 as the proportion of the top to the botloa 
flange. The difficulties of casting prevent the theoretical proportion being 
always the best. In large girders has iomctimes adopted Mr. Hodgkinson'i 
proportion of Ave to one. In some cases has made the top and bottom 
flange equal ; although snme part of the metal may be thrown away as far 
as strength is concerned, it is very useful for other purposes. Has mtde 
cast iran girders 5a feet long, but now limits them to 40 feet, and then 
uses wrought iron, For small spans almost invariably uses two girders, 
with a baulk of wood between, under each rail ; it is a convenient way of 
disposing of the material and getting sound castings, and they are easily 
bundled. They are being used at P«nmacn Mawr, where there were 19 
spans of S."} feet each. The timber forms a cushion for the rail. In bridges 
beyond the limits of cast iron girders considers that girders formed of 
separate castings, with a tension rod along the bottom is as good a form ti 
any \ but considers that there is this advantage in having the tension rods 
at an angle, (hat you can bring the tension of the wrought iron into pity 
so easily. When such a bridge is wanted on a large scale, the vertical 
elevation might be divided. When the joints are planed and fitted acca* 
rately, snch a girder would be as secure as a solid one, as in a large mau 
the contraction from cooling is liable to be unequal. Has tested compound 
girders without any bolts and depending on the tension bar, and also with- 
out the tension bar but depending on the bolls. The extension of tension 
bars with 10 tous per square inch is -j^j^lh of the length, and the iron 
comes hack to its original state. The piston rods of Cornish engines go on 
without being lengthea*id. Tension rods will not permanently suffer as 
long as the strain is within the limits of elasticity* With respect to the 
tension rods in the Dee Bridge which acted at an angle, does not allow the 
objection that with defiectiou they might become slackened, hut wonld 
undertake to break the tension bars by patting on a atraiu, and that the 
girders can he cambered by th^:*m. Would use wrought iron girders over 
spans where there was no limit as to expense or levels. Thinks that a bar 
of wrought iron cast into the bottom ^aoge of a cast iron girder might be 
too intimate an union on account of the dilTerent rates of expansion of the 
metals; if, however, the proportion of cast iron to wrought was very large, 
it would not be of so much cuu sequence. It is mticb the same as hoUing 
a wrought iron bar to the bottom iauge of a girder. Does not consider 
that the vibration and impact to which railway bridges are subject would 
injure the bolts anri rivets. Has observed one or two instances when 
Di^ci I latino was produced ou skew bridges when the road has not been ia 
good order clo^e to the bridge, and one wheel came on to a solid angle 
when the other was on soft ballast; generally now brings the two sides 
square by means of a wooden baulk. Iu skew bridges, when oscitlatioii 
is prevented, both girders are subject to the same vibration. The deflec^ 
tion of a girder wonld not throw the engine into oscillatioD ; the engine 
inovi»s at the rat© of about 70 feet per second, and there is not time. The 
deflection of the girder is only a small objection. The approach to Ihe 
bridt;e enuses tlie danger. Considers experiments on impact and vibration 
advi^^able. An ordinary train weighs about five eighths of a ton per foot 
in length. Engines are about a ton to a foot iu length. Considers wrought 
iron girders preferable to cast iron for spans exceeding 40 feet, as being 
mort) elastic. Found a very marked effect from iotrodacing a ca5t iron 
top in the box girder in the Chalk Farm Bridge. Considers a collection of 
facts would be very vatuable, but any legislative eaactmeut, with refer* 
ence to the construction of bridges which would hamper engineers, would 
be very objeciiooable. Attaches very little importance to vibration, and 
considers it of little consequence for girders to be laid on ordinary walla 
without interposing medium. Considers sospensioii bridges very little 
applicable to railways ; indeed, with the prospect of increasing weightg, 
toially inapplicable. Thinks Dredgers principle scarcely applicable vritk 
heavy weights. The more ties they have to the platform the better, Hal 
bf en informed that a train pasting over a suspension bridge at Stockton of 
300 feet span caused a wave 2 feet bigh like a carpet. Underslands that 
Americiin engineers have given up lattice bridges entirely ; they soon rack 
themselves to pieces; the timber i^s cut into slices mslead of being io lumps. 
The thin bars of an iron lattice bridge make it impossible to convey com* 
pres*ioQ through Ihem ; it is ** wabbly." Sir John M*Neill has remedied 
*he want of power to resist compression by putting a cast iron top. Ei- 
hihitrd drawings of the wrought iron girder for the Chalk Farm BridgCi 
with a cast iron top to reE^ist compression. The method adopted to 
strengthen girders on the Dee Bridge plan, and girders with tension rods 
along Ihe bottom flange for bridges over the River Arno, Also an experi- 
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eeatftl ^rder, similar to Ihe Dee Bridge girdert from wbicli it appeared 

liiit the tension rods i^heu acting at an angle could camber the girder. 

Girders are made in separate pieces od account of tbe dtfltctilty of cooling 

larfce massea, and the JDConvenience of conveying them. Thinks it would 

Lbe impradent to make larger castings thao those recommended for girders. 

I Has bad failures. AUboogh there is a confiiderable variation in tbe 

rttreagtb of iron, there is a remarkable approiimation to an average stan- 

^ dard. Practically an engineer is not justified in going to any great expense 

i to get a particular quality of iron. A diOerence of 20 per cent, in samples 

|of troo it ool of much conseqtienci> when the girders are made to bear silt 

i tbe loftd that comes upon tbem. Does not consider that auy injury 

mm lo ft g^irder from the bending of the juisls supporting the platform ; 

mmunf caiea has had tbe bearing secured close to the centra) web* Pre* 

falytofttead of depending on one girder, baviug two boiled together, wiih 

1 btnlk of timber between. Prefer? a %%oodeu platform to one resling on 

ifOQ bewDS ; does not apprehend danger from the Tihratioo^ but the noise 

is so Qopleasaat that some soft medium should always be interposed. 

Jotfph Locke, Etq., M. P., Civil Engineer. — The strength ofiroo will de- 
pfod upon mixtures. Prefers a mixture. Tbe mixture nf hot hlast iron 
with cold blast considerably increases the strength. Undersiands that a 
miitnre of wrought iron wilb cast adds to its strength. Considers it bet- 
ter to trust to the knowledge and experience of Iron founders of high 
eharmcter than to specify for particular mixtures. Has generally made the 
breaViog weight of girders from three to four times the greatest load ; but 
tbe load is supposed to be deadweight, whereas the shocks in railway 
bridges may increase it to within half ihe breaking weight. On railways 
from Ihe levels the most convenient form of girder must sometimes be 
uJopted in preference to Ihe sliS'est. Would not prove a girder with m-^re 
than double the greatest load. Thinks dead weight a more self evident 
node of proving girders, but that the hydraulic press is a very convenient 
Iftd good mode. Resting the weight on one of the bottom flaoges produces 
torsion to some extent. Thinks it might be desirable in some instances to 
tMt the girders with weights appliedjas in practice, lias known cases 
where the test was applied to one flange as in railway practice. Never 
knew a flange break off a girder. To prevent the girders getting out of 
tbe perpendicular, makes the baulks supporting the rails dt ttgbt between 
tke girders, and connects the bottom flanges hy the rod$. Has never ob* 
lerred any injury arise to girders from being subjected to penuafteot 
weights for a length of lime, or to changes at temperature. Would allow 
girders on railway bridges to deflect from the ^(h of an inch to the ^th 
of an inch per foot linear. But the amouut would dopcnd on the form of the 
lirder. Some forms admit of more defleclions tliau others. Does not 
like too mnch deflection in a railway beam. For the forma of girders 
idopts tbe large bottom flange. Acrording to hb present experience, 
would limit cast iron girders in one piece to 43 feet long, but be may per- 
haps go further. Would always prefer an arch if possible. Diftlikea 
cast iron in flat girders at all limes and in all spao^. Would oever use it 
if he could avoid it. Does not object so much lo wrought iron, but would 
not nse that when it could he avoided. Is not favourable to girders com. 
bined of separate pieces. Would use the bowstring bridge for large spans. 
0oesnot approve of combining wrought and cast iron as done in girders of 
the Dee Bridge class. But does not wish it to be inferred that there is no 
combination of which he would approve. Objeots chiefly on account of 
Ihe different rates of expansion of wrought and cast iron. Does tint think 
that in compound bridges well put logeiher the vibration and impact from 
trains would alTect the joints uud rivets ; but if badly put together, or the 
roadway were not in good order» the joints would sooner or later be 
abetted. Does not consider that the deflection of one girder before that of 
the other in skew bridges would produce osctllation lo any injurious ex- 
lent. When the road »f ay is good there ia very little diflereuce between 
the deflection due to weights at re^t and thst due lo the weights moving 
with velocity. A bad joitit is much more eerious thiin an increase of 
velocity* Has known the deflection to be lei»s with velocity. When there 
is any great difference, attributes it to had joints. Conceives that per- 
^petoal concussions might change the texture of wrought irou. Does not 
hink the same effect would be produced in cast iron. A. en !»t iron beam 
' i had been in use for a long time in the Blackwall Railway was taken 
bd broken ; it bore a very large weight with reference to its calculated 
jog weight. Would observe that axles broke more frequently when 
crank axles were in use. The fractures he has secu appeared to be the 
work of time. He has setti noLhiog in the fractures to induie him to be- 
Llieve they were the result of a change of structure. Considers one Ion per 
foot in length as tbe greatest weight (hat comes on railways ; is opposed to 
atjog the weight of engines. Thinks the plan of having wrought iron 
Orders a very sound one. The> have been long in uiie for steam 
es; prefers them in moderate npuus to cast iron. Would never em- 
r^loy a Hat girder unless compelled to do so. Tbe effect of Ihe vibration of 
^trains, liowever slight^ is ultimately to separate the parts, while in an arch 
I the parts are always clinging faster together; if a general rule ie to be 
I adopted y let it he in favour of Ihe arch. 

CharU* //. Wifdt E»q.^ Civil Engineer.— In lesling Ihe compound girders 
I for the bridge over tbe Ombrone, an iniiial strain of 5 tons per scjuare 
FlQch of section was put upon the wrought iron ties; by the adjusting 
f pieces, any amount of initial strain cao be put on the ties. By that means 
the beam can be cambered^. If, in compound girders^ the ties are applied 



iu a neutral state, they are of very little practical use. The lies have an 
iniiial strain put upon them, but does not believe ihal any change will 
take place in the ties to require re^adjustment. If tlie 8lra*n put upon 
them is far within the limits of elasticily, they will retain that strain, if 
an extension of the ties were likely to take place, this sort of bridge 
should be given up. The ties being strong enough to allow for extra weight 
to come upon them, witl never require to ba adjusted after being put up. 
The bridge over tbe Arno is of compound girders, wilb the ties lying 
horizontally along ihe bottom flange. The ties are in four pieces, and 
adjusted to the required initial strain by means of gibs and keys at the 
junctions* This bridge was tested by taking out the dowels connecting 
the callings, and allowing Ihe whole strain lo come on the tension rods. 
If the lifts are put on in a neutral slate, ihe elongation when the weight 
comes on is so small that tbe strain would only be about IJ ton per inch ; 
the initial strain can he so adjusted that the lie can take the whole of the 
tensile atrain of tbe girder, or half» or any proportion. The bridge is 
9G feet span^ and was tested with 40 tons in the centre, trusting entirely 
to the ties. Has eiperimc-nted on compound girders with the tie, and 
when the tie was removed, and has found the siiffoess Increase with the 
amount of initial strain put upon the ties. In breaking compound gir- 
ders, never saw Ihe bolts give way ; no strain can come upon them so long 
as the joints do not open. Looks upon the dowels and bolts as only 
useful during the course of erection. Would not like to test the Arno 
girder without Ibe tie, but thinks the bolls and dowels might he takea 
away without interfering with the strength. In an experimental girder 
made for the tie to be adjusted, either horizontally or at an angle, like in 
the Dee Bridge, it was found to be almost equally efficacious in three 
different positions — viz., when Ihe ends were, lat, higher than the top 
flange of the girder ; 2iid, level with the top flange ; Srd, horizontal. The 
effect of the difference between the extreme cold of winter and the extreme 
heat of summer wouhj be to add about half-a-ton per square inch to Ihe 
existing strain upon the tie. The useful effect of the lie, when Ihe gii'der 
is bearing a load, depends on its area, upon the strain upon it per square 
inchf and upon its depth below the centre of compression ; heoce, if the 
ends of Ihe girder came in so as exactly to counterbalance the extension 
of the lower part of the girder (a point never reached in practice), if there 
were an initial sUain on the lie, ii would still he doing useful work. II is 
a popular fallacy that there is a disadvantage in having Ihe ends of the 
lies above tbe top flange ; the raised lies give greater facility fur putlin|; 
on Ihe initial strain than the horizontal ones. The initial strain is mea- 
sured t)y means of su instrumt^ut ctilled an extensometer, fixed on to the 
tie bar, which shows tbe actual amount ihe bar is extended ; and having 
found the rale at which similar iron extends with certain weights per 
square inch of secliou, Ihe strain on the bars due to Ihe exiension is 
known. The higher the tie is put the less increase of strain comes on it 
from the passing load. Has never known the lie slacken. Does not con- 
sider that a wrought iron bar cast into the bKittom flange of a girder is a 
good method, as no iniltal strain can be put on it. If, by means of the 
weight, the bar was extended ihe TTnnr^*> ^^ *^ length, there would be a 
strain on it of 10 tons per square inc*i,but has never known them extended 
beyood ^ J^ ^ tb ; hence the felrain would only be 2^ tons per square inch. 
The east iron would break before the lie was doing much work. The 
above forms of trussed girder are the only ones that have been adopted. 
Would have the platform of a bridge firmly uniled to the girders, and 
fiufllciently deep lo prrveut any twisUng in the mnin girders. The bearers 
for the platform in the Arno bridge are Sandwich girders. Mr. Stephen* 
son is using strips of wrought iron, with timber between, for purlins for 
roofs. They are very stiff. 

Thomm Cubittt Etq„ Builder. — Has found variations in the same descrip- 
tion of iron; experimeots by diff rent persons do not give corres^potidiog 
results from simdar makes of iron. Does not trust to experiments made 
0(1 a small scale. The quality of iron is only affected by the hot or cold 
blast so far as materials unfavourable to Ihe production of good pig iron 
are present. Care should be exercised in the seleclion of hot hlasl iron. 
Makes girders strong enough to bear three limes the greatest load thai 
could come upon Iheru ; these girders are for buildings. Proves girders 
by the liydraulic press; proves them lo double the greatest load Uiat could 
come upoo llieiUf or two-ihirds the breaking weight. From Ihe liability of 
girders lo iuternal flaws, would ralher prove a girder nearly to ihe extent 
that would bredk it ihnn not prove it at ulL In buildings, the weight is 
more frequently put on the bottom than on the lop flunge, hut has never 
thought it of impoftaiice to apply the proof weight to the bottom flange. 
The deflection of a girder depeudi on the shape, section* aud qualily of 
melal. Iu two girders, Ihe length of one betng double the length of the 
other, but Ihe section and deplh being conslant, the longest girder would 
deOect four limes as much as the other. Considers the stiffesl iron best for 
steady weight. Weighted a girder with a load equal totwo-ihirds of its 
breakmg weight, and left il on fur 36 hours; the defleclion did not 
iDcrease, and the permaurQi set was not more than that which had been 
observed dfter the Iir6i applicaiiou of thi« weight. Makes the area of the 
tup flange io the bottom one as 1 lo 3| or 4. The botloru flange is equal in 
width lo about half the greAlesl depth of the girder ; diminishes the depth 
of Ihe gilder at the eitds to about lialf ihe depth in the centre; considers 
It of great importance not lo do mi^ thing which would tend to make the 
girder unsouud when cusi, or cuuse unequdl strain:) in cooling. Shoes or 
sockets lead lo create flawsi by allowing dirl and saod to accumulate, and 
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prevent Ibe equal 6ow of metaL It does oot follow Ibat ihe theoretical 
form of greatest Blreogth is the best one to adopt. His atteotiou ha» be«n 
MfMtefljpaUy eonfioed to beams subjected to wf?i{ihts at res^t. As weight In 
•nob eaitings is not of &o much importance, be is guided in the select too 
of ifoni by the market price. Alwavs niixes irons; is iocUned lo Itiiok 
'tfMtgood will resuh from Mr. Morries Stirling's endeavours to increase 
the sfreogtb of iron by an aditiiKture of wrought iron. Thinks the manu- 
facturr of iron below the other maDufaclures of the country ; believes that 
in France I hey roll out bars heavier than we do. Thinks that, if the plau 
adopted in Belgium of the manufactures eihihiling qualities of irou every 
year were followed it would improve the maoufacture. Considers that the 
quality of irou depi^ods, first, upon tb« raw material^ then on the fuel and 
care in manufacture. Thiitka inv«*ligation into the manufacture of iron 
desirable, and that it Hoald be advantageous to offer premiums for the beat 
iron. 

hamlard Kingden Brunei, Etq,^ Civil Engineer.— « Has a preference for 
the WVIch nnd Stallurd&bire iroos. Endeavours to obtain a small propor- 
tion of hot blast irou ia mixtures. Does not like a targe proportion of hot 
blast; thinks one-lifth advantageous. Takes the greatest possible load 
that can by any accident come upon a girder, nod Hssumea that as one* 
third or two> fifths of the breaking weight: but takes the breaking point 
lower than it is generally taken. As a general rule, would prove a girder 
ivitb a load a little greater than the greatest that could come upon it, and 
examines its appearance under that toad. Actual weight is the preferable 
mode of testing girders. Although, strictly speaking, the same load cannot 
be borne by a girder when resting on one Oaoge as if applied at the top, on 
accouut of the torsion, yet, by endeavouring to bring it as near to the 
centre as possible, has not perceived any sensible diOereDce. If circncu- 
stances made it desirable to construct a girder lo carry a load on the 
Hange, at some distance from the centre, it might then be desirable lo caf- 
culale the strength of the girder ; would certainly test it in that manner. 
Such cases have not been suQiciently frequent to require a special pro- 
Tiaian. Does not believe that any appreciable difference is caused in the 
power of resistance of Llie girder. Cunsiders that, with his form of girder, 
and viitb a large dead load of ballast, &o., the torsion is inappreciable, A 
aoft substance between anything that produces vibratiou aud cast irou is 
advantageous, but wooden sleepers to support the roadway should not be 
so elastic as to press on the edge of the flanges of the girders. Does not 
consider that a moderate weight left on a girder will ever injure it. Has 
Dot observed temperature produce any effect except expani^ion aud can- 
traction. Considers that no weij^ht, except that approacliiog the breakixig 
one, will permaneutly affect cast iron. The defieciion of a girder does not 
aierely depend on the length. In a girder 30 fept long, 15 inches deep, 
fvould allow -f^Xh of au inch lo a foot. The deflection must depend on the 
form. About half the befure-mentioned deflection would be allowed ia a 
▼ery btiff girder. Makes girders of the inverted T^^ection with a very 
large bottom web, and swelling at the top of the vertical web. The length 
of cast iron girders ia limited by what would insure a souud casting; at 
present considers it to be W or 35 feet. Wlieo girders are required for 
spans beyond ttie limits of simple cast iron girders, would prefer not using 
cast iron at all. Wonld prefer timber or wrought iron, or both combined. 
Would apply wrought iron to increase the tenacity of cast iron framiag. 
Has adopted that method in machinery. In large spans, assuming there 
ia no difficulty in obtaining an abutment, would prefer cast iron in the 
shape of an arch. Does not think that in a work put together by a good 
mechanic, with ordinary judgment and proportionable strength^ that any 
vibration would affect the bolts. Considers that the introductiou of 
wrought iron plates intu the construction of bridges is the mo£t ittiportant 
«tep that has latel) taken place in engineering; believes that with ordi- 
nary care and Ibe improveraenls which have been introduced into rivetiag, 
that the joints may be equal to the other parts of the structure. Does not 
think that vibration can have any eSect on well-made riveting. Hi vets 
should not act as pius or bolts, but like clamps, and hold the plates together 
by tlie friction of the one on the otlier ; in that manner the plates may be 
insured not to break in any pRrt contiguous to the rivets. Considers that 
the crystalline fractures oh&erved in bars broken by a succession of blows 
is not the consequence of nny internal change in the metal, but that iron 
breaks with a crjstalline or fibrous fracture according lu the circumstances 
under which it is broken ; produced several psetes of iron broken, some 
with a crystalline fracture by a short sharp blovi , others with a fibrous 
fracture by meaos of a slow heavy blow. The same cfTeclR may be pro* 
duced by varying the temperMture of the bar. Considers that when the 
rails are well laid the deflettion will be less from a moving weight than 
from thai weight at rest. Home new engines weigh as rauch as 35 
tons, acid occupy a leugth of 2t> feet or 1 1 ton to the foot run. Believes that 
cast as vtell as wrought iron vaiits its strength with the temperature ; the 
colder it is the easier It will break. Thinks that suspenBiofi bridges might 
be applicable to railways. Has once proposed one under very peculiar 
til I >». Considers the Indian tension bridge inferior to ordinary 

si rtdges. Would oidy uee a lattice bridge when be could not 

gti M.u. *j.ils for the component parts exceeding a certain length: if he 
were obliged lo make a bridge of great length with short slicks, it might 
be one mode of nieetiotf the difficulty. 

Mdmin Ciarke, E*q., Civil Engiueer.— Has auperiateuded the Conway 
Mri4%t for Mr. S»tephenton. It ia awrtfUgki iron tube iiMMic<»f boiler 



plates riveted together as in iron ship building : the span is 400 feet the 
extreme depth at the centre is 25 ft. 6 in., breadth I& feet; the interaal 
breadth and depth are at ft. 8 in. and 14 f^. 3 in.; the depth at the ends it 
3 feel less than at the centre. It was constructed on a timber platform en 
the beach of the river Conway, dOO yards from its permanent aite,>«nl wis 
floated to its position on six pontoons of 850 looa-eAch, mod rais«d I7fmit 
to its position by hydraulic presses; its weight is nearly 1,300 loas. It 
has a bearing at each end of 12 feet^ aud rests on bed plates and rollers to 
allow of its expansion from change of temperature. It was eotnmeaosd 
at tiie beginning of 1847 and finished in March 184B. The origiDat idea 
arose from considering whether a beam oould be made laryre enuogh to 
cross a span of 450 feet. Mr. Stephenson had formed beams of sepaiale 
pieces uuited by t>olts, and had also applied teosion rods to soine b i— § 
formed of teparate castings. A cast irou atch was proposed bnt afcu* 
doned, partly on account of interference with the navigation of the straili. 
Two beams side by side with an ordinary upper and lower flange wcmld 
make a space, through which if lar^ enough a railway carriage might 
pass. The first experiments were ou round and oval tubes ; ibey chaaged 
their shapes when loaded ; rectaogular tubes did oot ; that form was there- 
fore adopted. Experinienls were made to determine the resistance of 
wrought iron to compression, that the actual streugtli of a large lobe 
might be calculated ; the power of wrought iron to resist compression 
increased as the cube of the thickness of the plates: the strength of the 
tube varied as the square of the linear dimensions. A model tube one- 
sixth the real sjzt? was made al Mill Wall, and broken five or six times, 
and strengthened at the part it had broken at after every time, till it was 
considered that the strength was everywhere proportioned to the strmia. 
The thickness of the sides of the tabes appeared lo produce very Utile 
comparative eflect. The dilference of elasticity rendered it difflcuU in 
apply cast iron to the top of the tube. A bar of cast iron yields twice as 
much under the same weight as a similar bar of wrought iront though lis 
ulilmate resistance to compression is four or five times as great. If the 
top of the tube were made partly of wrought and partly of oast iron, the 
wrought iron would have to bear more than its share of presi^ure. Gast 
iron must aUo be cast thick, which increases its weight, and the places of 
junction require heavy flanges. The Mill Wall model it was assumed, if 
iocrtiased to six times its linear diiuensiuns, should be 30 times a^ strong 
and 216 as heavy. The bottom of the tube was considered as a chain, and 
the plates were lapped over to make the chain as strong as poaaible ; the 
rivets were proporlioued so that the section of the rivet to be sheared 
through equalled the sectiou of the plate it connected. The aheariog 
strain of a rivet is as it«^ tensile strain. Cells were put in the bottcun of 
the tube as being the most couveoient way of getting sufBcieot area of 
section of irou. The cells are kept stitT by angle irons. There are five 
rows of cells in the bottom of the lube. The bottom has great strength to 
resist lateral pressure, as the wind. The sectional area of the bottom is to 
that of the lop as 6 lo 0. The area of the bottom is 508 square inches; the 
area of the top €06 square inches. In the small experiments the top had 
always failed by buckliug, but the strength of plates to resist buckling 
varied as the cube of their thickness, and the lop might therefore in the 
large tube have been of the aawe area us the boLtom ; but as Uie lop had 
always been the part to fail, uud the data for calculating the reaistavce lo 
compressiou were nut so complete as those for the resistance to tension, a 
little was added lo the tup; 12 tons to the square inch is as much com* 
pression as wrought Iron can be safely subjected to. At lu tons per 
square iuch most iron begins to be perceplibly altered iu shape. The first 
experiments were made before February, 1840. The last Mill Wall expe- 
riment was made in April, 1847. The sides of the tube were considered a 
mass of trelltce work so thickly interwoven as to become a solid plate; at 
every 2 feet two pair of angle irons were placed face to face, and running 
from top to bottom of the tube, one Inside and the other out, like vertical 
pillars, to keep the top and bottom apart* The side plates are 2 feel broad. 
These pillars appear to give sufficient rigidity, as the sides of Ibe tube 
have never exhibited the least alteration of shape* For a distance of 50 
ft et from each end vertical plates have been added to strengthen the sides, 
where the strain was considered greatest. At the endtj to prevent aay 
crushing of the sides, strong cast iron frames have been inserted. The 
side plate*$ in the centre are half au iuch thick, but towards tbe ends 
l^ths of an inch thick ; the bottom plates are half au inch thick in tbe 
middle, and a quarter iuch thick at the ends ; on the prtnciplelhat the 
strein on the bottom varies at each poiut as the rectangle of the segments 
into which the tube is divided at that pttiiiL When the side of the model 
lubes were (hlo near the euds, they invariably buckled there. The resist- 
ance of the top cells to compression was never exactly ascertained; 
wrought iron will uot bear above 12 tons compression per square inch. 
The tirst cells experimentetl ou were oval; the square and circular ware 
then tried ; the irou whea thin puckered, Itiut a certaiu thickness of plate 
answered equally ^vell to prtvent the celle either oval, circular, or square 
from buckliugr *iud the iron crushed. The cells were made square not bt* 
cause the square form is be«t lo resist compression, but because there were 
many difficulties in dttlng a circular cell in the top of the tube, and lateral 
strength was wanted to resist the wiodf and als4.» all the parts ooald be 
more readily got at ; the cells are 1 ft>ot louhes square, and the plains 
three-fourths of aa inch Ihiok. As regards tension, rivets weaken plaiMt 
but rivets increase the strength of plates to resist compression. flifeM 
riveted together geoeyally break at the rivet, though they derjfe 
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Dm th« riTet eetiBjp like & dmnp. The top la a plan of pillars 

the Mctioa is grealor in the ceatrtt of the tube ihau at the cods 

uC the frealer atrain. Foond a differeaoe iu the wrougKt iron 

saMkttB, .Some irons atretcii more than others, though ibe 

itniogths are about the iaine. The iiltiiiiMt(^ -^i^. ««icih of ibe iroa 

teOfioQ averagei» 20 to«iB per sqaare iiicb, il depends 

tke lUiiiiiijMiture of iron i soine of the iron is ven >ut its uiti- 

|)«jwer to reeist leoAiIe strain is aa great as more duciik meUU. A 

ve^toD press laid oq the lop of Ibe tube produced no deQectioa of the 

~ a twtlve*toD pretis fell un the top frum a height of 23 feet, and 

led no other eflFccl ihun indeotin;; the place where it fell. The Ioco> 

does not run on the boltom celU* but the rails areoo sleepers, sup* 

by transverse platts C feet apart; the bottom is very rigid. When 

» being taken out to let it lake its final bearing, the wedg^$ 

^etrrm Itirge ptirtion of the centre had been left in b; mistake, and it was 

by the t)ottofn being bulged up, which waa a very severe test; it 

bolt; up ttliove I inch* Thetobe weighs I^St^ tons without the end 

When the tube was on its original platform, a straight line was 

» .., , i^.. ,r..»r.,,..^..f x^iih a thirt>*iQoh telescope, and holes drilled 

ucled with a camber of 7 iaehes, that the 

iUj. The deHectioa is sensibly atfected by 

af teoi|ieraiure. i'he motion caused by a cloud passiOL; over the 

« iliower» was quite visible by tie means of an index. The whole 

re WA9 a rectaugular tube, 412 feet long, before it waa moved to its 

poaiti<>n ; it was floated to its position. When raised, Q feet at each end 

added ; the tked for it to rest on was 3 inches of creosoted deal, a bed 

M inches thick of cast iron, then another layer of creosoted deal to 

I corrosion t a mass of red and while lead was spread over the tim* 

, ooe iiud is thus a Axture; (lie other is on a bed of iron^ which rests on 

44roller«of cast iron, tl inches diameter, to allow of expansion and con" 

tnatioiK Id addiiioa to this, to prevent the sides being injured, the tube is 

partJy Butpendcd by suspension rods riveted to the tulit* at each end,i«luch 

pais tlirough girders bearing on metal bails, rnnniiig iu grouves ; it is caU 

culated that one-third u suspended, and lwo-lh}rd5 on the rullers. The 

Side of the tube JB quite closed. The Conway and Britauuia Bridges are 

OQ similar principles; the Hritaunia Bridge has 00 feet more t^pan. The 

Bntanoia Undge js named after the Britaauia Uock in the Meoai 

Straits. There tsouetube foreach line of railway. The calculated deOec* 

tion of the Conway Tube was about 7 inches, so the tube was cambered to 

Ibftt amount. It actually deflected 7| inches by its own weight. When 

tested with 1S%0 tons it deflected to IO|^ths inches below the original line; 

en removing Hie weight it returned to nither more than 8 inches* Proba* 

bly son»e rivets had been disturbed. The etfect of temperature was found 

ta be very great. The deflections takeu at night diftered from those taken 

ii the day time. The expansion of the cells at the top causes it to 

rise. It is painted of a light colour to increase the radiation. The 

eitremea of temperature cuunot hate an injurious effect, as the motion 

is ooij 2 inches over 40U feet span. In raising the tube the strokes of 

the hjdraoiic presses became isochronous, and the tube vibrated like a 

ibiiakiag plank, so that the presses had to he stopped. A train of lUG 

[ hwac aitfet three-fourths of an inch deflection, but no vibration. Persona 

h^l^b carriages don't perceire^tliat it is a tube. There is no increase of 

^^^^Btioa since it bas been opened for traflic. The deflection is mea- 

^^^MB' by an instrument attached to the side of the tube, There is 

trvoior when a train passes, but no vibration. It interferes with the read« 

ing of a telescope. The tremor cannot be perceived by standing or 

lyiag oo the tube, it is greatest when a cannon is fired from the lop. 

/. Zl* Morrka Sfirlinff, Eiq.—HiLB studied the chemical properties of 
ifoa* CJast iron iu this country connisls of iron, carbon, siliea, some pho$* 
Itfiittfj and other admixtures which may be considered impurities. Cast 
inn frooi Sweden and magnetic ore is purer; it contains less carbon. Tiie 
strongest cast iron contains 3 per cent, of carbou ; a niixture of hot blast 
No. 1 and cold blast No. S will give that proportion, but it would be 
better for iron with that proportion to be produced at once from the blast 
fnmaoe. A small portion of arsenic increases the fluidity of iron. The 
bigher numbers of hot blast irons apparently contaia more carbon than 
cold blast. Graphite is commonly to be seen on tbe surface of No. 1 hot 
[Itlast, not so frequently in cold* Chemical analysis gives very little difTer- 
ence between No. I hot blast and cold blast as regards the quanlity of 
carbon* It appears to be combined in a diflerent manner; generally, 
£cotch i^ the most, and Welch ilie least, carbaoaceous iroD ; StalVordshire 
intermediate. Phosphorus gives the hot short quality to wrought iron, 
angaoese closes the graio of iron; apparently improves the quality; gives 
ft a more steely character ; increases (he property of being hardened by 
|queDching. It does not give the elasticity of steel. Steel and cast iron 
Wire improved by manganese. Berlin iron owes its fluidity to arsenic. 
lark iron is usually weak, grey usually strong, and white brittle ; black 
iQ when chilled becomes white, although it must be supposed to contain 
la same quantity of carbon ; as a general rule, colour indicates treatment 
which iron has been subjected, and, in some cases only, the quantity of 
|>oo. Would employ colour as a test of strength, but not of chemical 
lution. To resist a transverse strain, grey iron (not approaching to 
) would be best; to resist a blow, grey iron, approaching to mot- 
^Tvoald be beat. The East Indian iron has many properties of malle* 
le iron; its miiture with other pig*iroa improves the quality of the 
fn&ll quantities are used in the patent boiler tube maaufoctory to 



improve the iron purchased for making wronght-iron. The beat rotxturo 
of iron for strength would be, for a large oasliag. a larger proportion of 
No. 3 Scotch, Staffordshire, or Welch; for a amiill caitiog, a larger pro* 
portion of Noa. I and 2, and a smaller of No. 3* Numbers of trou are, 
however, very arbitrary: mixing iron adds very nnieh to the futreugth, 
London fouodere improve their irons by the use of scrap iron* Ordnance 
and hydraulic presses are made chiefly of No« 3; for a girder, more fluid 
iroa would be required* Iron cast in large maaset booomes soft from cool* 
ing slowly. Has proposed to improve cast iron by an admix^iure of 
wrought iron. There n a chemical combination between the two. The 
quantity of carbon is diminished. Tho graio is much closer. A small 
quantity of wrought iron u.dded to dark grey iron makes it light grey ; a 
large quantity makes it mottled, a larger still almost white. Scotch troa 
requires mo^t wrought iron, StutTordshire less, and Welch iron least. The 
proportion for Scotch hot blast is for No* 1 from 24 to 40 lb. per cwt* ; No. 
2 from 20 to 30 lb. ; for No. 3 it is not recommended, its the iron Is uncer- 
tain in itself. Staffordahire will not bear so much as Scotch; 20 to 30 lb. 
would be a high proportion for StalTordahire No. 1. Welch No. I bears 
the same as Staflbrdsihire ; No. 2 requires very much less. The increased 
sirenglh of the iron is an advantage mechanically. From an average of 
experiments the waste in casting was 71b. per ton iu favour of common 
cast iron, The iron planes like wrought iron and the castings are more 
difficult to trim than those of common iron. The tirst object in proposing 
Ibe iron was to raise the inferior irons to a level with the best, but has ot^^ 
tained a mixture stronger than the strongest. The improvement on strong 
iroQs is not proportionably so much as on weak ones. It seems to bring 
troQB to an average. By adding wrought iron scrap to pig iron^ and pud* 
dliug it, the resulting wrought iron is much improved. Cast iron easily 
acquires magnetic power, and acquires extreme polarity without the power 
of at trading small tKxlies to the degree that steel does* Considers it aa 
advantage that a beam of toughened cast iron need not be so heavy as that 
of common iron. Uas obser%'ed iostancea of alteration in the structure of 
iron from repeated hunimeriog, and shafts expoiod to vibration also crys> 
tallise. Considers that, possibly, galvanic action causes the change* 
Cold hammering gun barrels too mocU makes them brittle. The mixture 
of wrought iron with cast is made originally in the pig. The speoLfic 
gravity is from 7'2 to 7*3; the specific gravity of common iron from 69 to 
7*3. The centre of a casting should be taken for the specific gravity. 
Thinks it would be useful to inquire into the generic dififerencea of irons* 
Chariot May, E»q^ Ironfoundcr. — ^The diflerence in the strength of iron 
appears to consist mainly in the proportion of carbon. A large dose of 
carbon makes a very tender iron ; the strength appears to be greatest 
when the carbon is in the smallest proportion that produces fluidity. The 
greatest mixture of irons is preferred. Ooe-third anthracite combined 
with Scotch is a good mixtnre for toughness and strength. For small cast« 
ings a more fluid iron is wanted than for large ones. On account of com« 
petition, the cheapest iron is often preferred to the strongest. With the 
bulk of Scotch iron combines Weluh and scrap iron ; the mixture is very 
much reducible to the quantity of carbon. An iron very bard for small 
castings would be soft from the alow cooling if run into a large mass. Cast 
iroD does not depend solely upon its constituent parts, but upon the bulk 
into which it has to be run ; these varying circumstances consLitute the ark 
of the ironfounder in producing the greatest strength without any very 
definite knowledge, either chemical or mechanical. By annealing, great 
to ugh neat oan be produced \^prod\iced a skating iaien from the edge qf an 
annealed out iron tcheel^. Hot l^last iron ought to be as good as cold ; but, 
itx some cases, advantage has been taken of it to work up au inferior ma* 
terial. Smce the introduction of the hot blast the quantity of carbou com* 
bined with iron u greater. Has not the same coutidenoe for strength ia 
hot blast as iu cold blast iroUi Hiis met with hot blast iron as strong aa 
the strongest iron. The public would have no security in cold blast vtrtm 
hot bhist iron* The fact of specifying for a particular quality of iron ia 
almost nugatory ; the principle of testing the work when done should be 
adopted. Knows no certain mode of telling ditf^rent kinds of iron ; the 
manner in which ca^t iron is modified by the quantity of carbon it contains 
is shown by chilling. The main feature aa regarda iron is a question of 
the proportion of carbon, Considers Mr. Morriea Stirling's mixture very 
advantageous, particularly for irons too rich in carbon. Would make the 
breaking weight of a girder three times the greatest load. Considers that 
railway girders are exposed to severe strains from the new foundationa, 
Ibe Violent impact they are subjected to, and the load being laid on and 
removed suddenly. Would prove a girder to ooce and a half or twice the 
greatest load ; beyond that there is a chance of damage. Considers that 
the aide strain, from supporting the load on the bottom flange^ would pre- 
vent the girder liearing as much as if applied on the top. Thinks testa 
should be applied as the weights are applied, iu practice ; but girders are 
bought at the lowest possible price per ton, and ten times the profit would 
not pay for experiments. Thinks the only limits to the leogth of simple 
cast iron girdera are practical ones, of handling large masses, and pouring 
the metal equally to form good castings. If a large number of large 
girders were wanted, it might be worth while to erect a new foundry for 
the purpose* Is favourable to wrought iron girders. Considers that 
wrought and east iron may be camhioed so as to prodiice ao adraotageom 
elfect* When weight comes on the ca^t iron the wrought iron should take 
its share of the load. Cuo^^iUers that, jf well made, the joints and rivets 
of railway bridges would avl be ituufcd by thfi yillirfttioa and impact to 
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which they mre erpoied. CHei th« ioBUnce of the beam of a iteam- 
OD^iDfi tibmliog coutJouaHy vrithout iuffermg any iojury, a* an insUnce of 
iroQ Dot bvitig afTecled by contiiioal vibratiou ; and tiieQtions, in favour of 
Its beiDg so affected, the fact of a guo, employed to break pig iron acrosB^ 
dropping in two after a icries of years. Conaider* the ooly security for 
good work is, to hold the makers respoQsible for it. Hat found great va- 
riations in bara of eimilar ruelBl. Thinks that the breakiog weight of a 
gmiM bar is no iodex to the breaking weight of a targe casting* 

Jot^h Cnbiit, Eiq.t Civil Engineer.— Is at present conitrncting the Great 
Korthcrn Railway. Prcferi a roiiture of Scotch and Welch or Sttffordihire 
and Scotch irons for large castingt, at mixturei are itronger than single 
irdm. Belietcs cold bla*t iron to be itronger than hot blast iron. Would 
mike the breaking weight of a girder tix limei the greatest load. PrDvet 
a girder ivith three tiroes the greatest load likely to cume upon it, or half 
the breaking weight. Proves girders either with the hydraulic press or 
with dead weight ; strikes ibcro while the weight is on with a targe wooden 
mallet. Does not comider a girder would bear so much weight if applied 
on one of the flanges as if applied at the top i prefers loading the girder at 
the top if possible. Considers the proportions he adopts ai luflScieot to 
compensate for the tonion. Has often tested girders with the load on the 
bottom flange. Has two girders for eacb line of way^ and supports the 
rails ou wooden bearers. Considers any elastic substance between the rails 
and cait iron girders of advantage in preventing shocks. Does not coo- 
alder it likely that girders would increase in deflection after a length of 
time. Would not like a girder of 40 feet span to deflect more than \ 
inch ; those he is putting up will not deflect half that amount. Observes 
the deflections of girders when testing them. Adopts Mr. Uodgkinson's 
form of girder, but makes the lop flange rather larger, to give lateral stiflf- 
nesa. Wotild not like to go beyond 50 feet for the length of simple cast 
iron girders. Beyond that span would adopt timber, wrought iron, or the 
bowstring bridge. Has crossed spans of 100 feet by timber bridges and by 
wrought iron tubes. Consider! a bowstring girder with a cast iron bow 
and wrought iron tie a very good combination of wrought and cast iron. 
Would prefer wrought iron or timber. Would use an arch of cast iron if 
not limited with respect to eipense or levels. Docs not coniider the im* 
pact and vibration to which railway bridges are subjected sufficient to injure 
the joints and rivets. In wrought iron hollow girders take tho depth at 
y^th of the span. Subjects them lo the same proof that he does cast 
iron. Does not observe that they acquire any permanent set. llaa put 
some yp at Doncasler of 70 feet span* Hss found no difference between 
the effect produced by a weight at rest on a girder and that due to the 
weight moving at a velocity over it. Considers the grcateit weights run- 
ning on railways to be engines, they weigh 25 atid 30 Ions. Something 
more than half the weight of the engine is on the driving wheels. Has 
preferred for a viaduct near Welwyn, on the Great Norlliern Railway, brick 
arches to iron girders. Approves of the wrought iron girders used in the 
large spans on the Blackwail Railway. If kept painted they will last for a 
long tircc ; tn some cases, to prevent torsion, a cross piece of cast iron be- 
tween the top* of two girders is advantageoUB, 



SUPPLY OF WATER TO THE METROPOLIS. 

Wk promised to give an Recount of the different projects which 
are now before the public fur the supply of the metropolis with 
w&ter, of a better quality and in larger c|uaiitities than the supply 
now given. There jirefive schemes — namely, 1st. The Henley; 
2nd. The Mnpledurham ; .3rd. The Watford; Uh, The W^andle; 
and, 5th. The Kingston. 

VVilh regard to the Henley and Mapledurhani sichemei*, there 
Has just been issued a very able report made hv Mr. James Walker, 
the eminent engineer, and ^fr* Stephen '^riiliam Leach, the en- 
gineer and surveyor to the Corporatirrn of the City t»f London; 
and another vaJuabJe report on the Watford scheme has just been 
made by Mr. S- C. Homersham, the engineer to the Watford Com- 
paJiy. 

It is not our intention to go into the question as to whether the 
supply ought to be left to private enterprise or to eummisgioners; 
but vve must now gay that generally we are advocates for the for- 
merj and have great aversion to public commisfliona — partieularly 
if we are to have such a board as it^ proposed to be constituted by 
the Henley Bill, than which we cannot conceive one more objec- 
tionable could possiblv he formed. The CommiisionerB are to 
consist of persons to be elected, yearly, by the ratepayers of the 
several Umona of the metropolis, one for each Union ; and these 
Commissioners are to elect a Commission of seven persons, who 
are to take the entire management of the concern, and are to 
receive for their labours the sura of £ 7.700 per annum between 
them, out of the water rates. By this mode of election, we are to 
have the metropolis constantly agitated for all the rated inhabit- 
ants of the differeat Unions to muster together, and go through 



the farce of electing one Conimisioner who is only to be a delegate 
to elect another representative; and to this irresponsible Commii- 
sion of siBven personi;, liable to vary every year, is to be entrusted 
the outlay of two millions sterling. With regard to the amount 
of the water rate, there appears to be no limit as to what it will 
be; — first, the Commissioners wiU have the power of charing 
three pounds per centum per annum on the annual rack rent of^the 
premises; and, in addition to the said maximum rate, the Com- 
missioners are to have power to charge a proportionate part of 
whatever sum they may be yearly liable to pay, whether for inte- 
rest or annuities upon moneys borrowed to pay for the purchasing 
of the undertakings of the existing water companies. 

W^e have made thetse remarks on the proposed Henley Act just 
to show that the ttcheme can never be allowed to be carried out 
under such an ill-advised Act. The Act, or rather the Bill, ap- 
pears to have been drawn with a judgment very different to that 
shown in the getting-up of the engineering department, which we 
must say exhibits great labour, great talent, and great judgment. 

It appears to us that it will be far better for the House of Com* 
mons to appoint a select Committee of the House, first, to examine 
the different schemes that are proposed, without regard to the 
Bills to be brought in for the regulation of the supply, and to 
report to the House which they consider is the best; and whether 
the supply for the whole of the metropolis ehall be confined to one 
of the schemes, or whether it will not be advisable to have one for 
the North of the Thames "^Vestward of the City, another for the 
City and Eastward, itnd another for the Sonth of the River: by 
thus dividing the supply, tliere will not be that great diversion of 
the waters of the Thiimes from one portion of the river, aa stated 
in Messrs. Wulker aijd Leafh's report. 

Looking at the whole of the case impartially, vee cannot see why 
the enormous expenses of forming the New River cut, and all the 
works connected with that Company, should be lo«t to the public, 
a supply might be obtained from the New River head at Chadwellj 
and the river Lea above Tottenham, quite equal to the supply to 
be taken from the Thames at Henley or Mapledurham. To do 
this, it will be necessary to obtain powers to divert the drainage 
from the land and houses on each side of the cut, and prevent the 
river from being contaminated. By adopting this scheme, one- 
fourth i»f the supply of the metropoiis might he confined to the 
City and the Eastern district; and this would be done without 
affecting the river Thames. — ^If this be granted, the consideration 
will next be wliich of the three schemes, the Henley, the Maple- 
durham, or the Watford, is the best for supplying the North- 
We stern district of the metropolis.— For the supply of the South- 
ern side of the river Thames, we have the Kingston and Wandle 
schemes. The former is put forward with the view of taking the 
water from the Thames above Kingstau, and beyond the influence 
of the tide; and the latter proposes to take its supply from the 
Wandle just before the water is discharged into the river Thames; 
and as the discharge is within the intluence of the tide, the with- 
drawal of the water from that part of the Thames (at Wands- 
worth) cannot much affect the river, particularly if the supply be 
confined to the Southern districts. 

Having said thus much, we Hliall now proceed to describe the 
works 4*f the several schemes. For the Henley and the Mapledur- 
hani works, we cannot do better than give the valuable report of 
Mr. James Walker and Mr. Leach, 

No. h^Tke Henley Works, 

The first in point of date is the Henley icbeitie^ noticei for which 
weie given in the last srsiion of pitdiameoi, hut the bill vras to»t apon the 
second reading in the Commofis^ after a drhate of some lengtli. hi sotne 
modiliciitions have »ince been made we shall confine our deficriplion to the 
plan now proposed and depufited* 

It conimences liy an aqueduct which hranchei oflf from the rirer TbatDes 
near Mediiutibani Abbey, Of about four miles bduw Henley. In ila course 
to London it is lirst by an open canal 40 leet uide and 10 feet det^p, as far 
as West Drayton ; thence 26 feet wide and 7 ftet df ep» to ihe river Brent ; 
and thence hy two brick culverts, each lU feet diameter, to WeaL-eud| 
Uaiiipst«ad. 

At Hambledon lock, which ii about two miles below Henley, there la i 
lift or rjAe of three feet six inchea in the navigation. *Xlm lock is to be re* 
moved, and one erected below Mednunham Ab^iey, the puutt of jnticiioa of 
the aqueduct; so that the pjtrt of the river between tbe new lock and the 
lock above Henley will form a nearly level pool or reservoir, five tndei in 
length, and B8 feet above high water.' 

From Mednunham the course of the aqueduct curves round the foot of 
the high groynd, and approaches the Thames btlow Marlow, proceeds oa lo 

* By btgh vraler !■ «Jwafa me«Dt tbelUfti water of wax avtrage tprinf tide naar Leo- 
doDj or Trialty ataiuUfil. 
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Co^ikhftis, it cirried o?ef tbe Tlitmet by in aqucducC bridge about a 
ler of ft mile abore Maidenhead-bridge, keeps nearly dose to the Great 
irettem Railway ai far as BiairaJjridge, a length of 13 miles, and for 
oearly 10 milea by tbe iide& of the Grand Junction and Paddington canali* 
pastet under tbe Grand Junction Canal at West Dmyton. and twice under 
the Paddington Canal wettward of the London and North-Western Railway ; 
the aqoednct then contintica through WiUesdeiip und^r ihi» Edgeware-roadi 
and 00 to West-end, Hampsteadr wliere it terrainatea in a large basin* The 
vbole length from Mednunbam to llampstead baiiii U S3^ milei. 

Thr«e large collecting and sealing reservoirs^ for cases of drought, or of 
Ibe water being discoloured by laud loods, are proposed in tbe Une of the 
■fQcdttct: one near Cookham, another near West Drayton, and tbe third, 
of 77 aef«ai near Harrow* 

From the Hampstead basin, in which the water will stand 85 feet above 
high water* it is to he raised by steam power (3,50(1 horse) into an elevated 
rtienroir, also at llainpatead/ which ia 250 feet above high water. From 
this last reservotr large iron mains, extending in various directions on the 
north side, and over Vatixhall-bHdgc to the south side of the river, will be 
connected with and iupply the mains and pipes in all the districts of the 
preaent water compaoief, whose works are henceforth to belong to the com- 
missioners of the new works, the shi^reholderf of the old companies being 
compensated by a fixed interest upon their capitaL 

The inclination or fall in the surface of the water from Mednunhara to the 
Hampstead ba^in is calculated by Messrs. M* Clean and Stilcraan and Mr, 
Black welt, the pfojeclor* and engineers of the plan, to be suflicient for con- 
teving from the river 2(}§,000,000 gallons in 2i hours aa far as M'cst 
Draytoo. and 100,000,000 thence to Hampstead* This last being the ijuan- 
tjty supposed to he required for giving *' an ample daily supply for the nic- 
tropoUs," is stated to be at least double the present supply by aU tbe com- 

abject of the large aqueduct as far as Drayton Is to pass a quantity, 
wfciB tbete is surplus in tJie Thames, into the Grand Junction Canal, and 
thence into a reservoir at Paddington, 85 feet above hjgb water, whence it 
will be conveyed into the sewers of London for the purpose of cleansing 
them* The Urge addition for the purposes of sewera^ie would lead to an 
increased expense If any of the schemes for pumping op the water after 
pasaing through the sewers he adopted* 
Tbe engineer's estimate is: — 

I Works for bringing water from Henley to London, 
including compensation to roillowners *, . . XlfOOOfOOO 
Coat of plant for distribution, in addition to the 
plant of existing companies 1,000,000 
; 



de2,ooo,ooo 

And tbe annual expense as under : — 

Jtentcharge, as compensation to proprietors of ex^ 

isting companies. • < £127,500 

Cost of distribution, independently of intereit of 

capital for plant 100,000 

No. 11. — Tfhe Mapkdurham Scheme* 

The other, or Metropolitan Water Supply Company, which has been 
brought out during the last summer by Messrs. Gordon and Liddell, en- 
gineers, proposes to take its supply from the river above Mapledurham lock, 
which is five miles above the junction of the river Keiinet, near Reading, or 
17 miles (by water) above MednLmham (the Henley Company's point of 
abstraction), in which distance there are five locks, the united lift or rise 24 
feel above the Mednunbam proposed level. An open cut or aqueduct, four 
aud a half miles long, is to convey the water from Mapledurham to Cavern 
ibamp where four reservoirs, together 100 acrci, and 98 feet above high 
water,* are to he formed for purifying the water upon Dr. Clarke^a patent 
process. Powerful steatn^enginei are to raise the water from these reser* 
voirs through three iron pipes, each five feet diameter, carried across the 
river, and then into three smaller reservoirs, at one mile distance from the 
Caversham reservoirs, and 35 miles from London, aad at different levels, 
corresponding with the levels of the three districts into which the engineers 
suppose London to he divided— the northern or western district being taken 
at 120 feet; tbe centre district, which comprehends the City, at 70 feet; 
and the south and east district at 10 feet above high water. The highest of 
the small reservoirs is 233| feet above high water mark, and tbe lowest 178^ 
feet, the mean lift being 100 feet, which will require 1,100 horse-power. 
The water is conveyed from tbe small reservoirs by a eontinuation of tbe 
three 5- feet pipes to the Great Western Railway, near Twyford, whence they 
are laid by the side of the railway, and pais over the Thames at Maidenhead, 
over the Grand Junction and uivder the Paddington Canals to near Worm- 
wood Scrubs; here the high level pipe diTerges, and passes under, and then 
by the side of, the North-Western Railway to a reservoir at Pfimrose-hill 
of 3i acres, and 169 feet above high water. The other two pipes, for 
the middle and eastern levels* continue from Wormwood Scrubs by the side 
of the Great Western Railway ki Paddington, and thence along Westbourne- 
terraee and Oxford-street into a reservoir in St. Gileses, of 1 acre area, 

* There la a want ^oi agraenieat la lli« leveli which have b«tji ol>Utncd from ib« en- 



and 114 feet above high water* The third or lowest pipe crosses tbe 
Thames at Waterloo -bridge into the southern district* Tbe three great 
mains, or town reservoirs, oommunicate with tbe pipes of the present com- 
panies. 

The engineer's estimate for this scheme la — 

For works .. JEl,200,00O 

Annual working expenses .. ,. ., ,, «, 20,000 

We come now to consider the effects of the two plans upon tbe naviga- 
tion of the river, and tn doing so we do not think it right to confine ourselves 
to what the parties profess as to the quantity they mean to abstract ; for if 
the whole of London is to be supplied from one source there will be no sa- 
tisfaction until the supply is ample and constant, whether the source be 
Mitplcdurham or Henley ; and parliament will naturally take this into coa- 
sidi^rution, and give a preferencci so far as quantity is concerned, to the plan 
which lias the greatest certainly in the above respect. 

The present supply by ibe water companies is stated, in a recent publlCtt* 
tiou by Sir W. Clay, chairman of the Grand Junction Company, to be 
•14,57^,979 gallons per day ; so that the quantity has much increased since 
1834. This has been caused partly by the increase of population, and partly 
also by the greater supply to each house. Is it not probable that both the 
above causes, and the demand for water for sewerage and other sanitary 
purposes, will continue to operate so as to render it prudent to allow for 
tbcrsR in any great plan ; and to consider tbe effects which the greatest pro- 
bable abstraction would he likely to have tipon the navigation ? It is, how- 
ever, to he noticed (and this wajj one of thti objects in our describing the 
main features in the two plans), that the Henley party propose their works 
to be made at first for taking double the quantity calculated by the Maple- 
durham Company ; and also that the Henley aqueduct, being chiefly open 
can he enlarged — if ever this should be required — at less cost than the 
Mapledurham, who have to raise their water to a mean height of 100 feet 
and then pass it through 3fi miles of close pipe. To increase the number 
of pipe* would add materially to the cost, and to double the quantity 
throogli the same pipes would require an increase of power much beyond 
the increase of the quantity. 

To compare in detail the merits of the two plans would require ui to sur- 
rey the lines, which your instructions would not warrant our doing; but 
having said thus much on what may he considered a superiority in the Hen- 
ley scheme, it is hut proper to add that tbe liability of an open canal to re* 
ceive impurities into it, whatever care may be taken to prevent this, and also 
to be partially impeded by ice, are objections to which the Mapledurham ia 
not subject ; and if the salubrity of the water be presumed to depend upoti 
its freedom from organic matter the Mapledurham source would appear to 
be preferable, as in the seventeen miles between the points of abstraction, 
Henley, Reading, Wargrave, and some villages drain into the riven On the 
other side of the question, it is to be noticed thut the Loddoo and Kennet 
join tbe Thames below Mapledurham and above Mednunbam. 

Wc propose therefore to calculate on the abstraction of 100,000,000 
gallons per tweity>four hours stated by the Henley project, which ia exclu* 
live of their taking an equal quantity (except in times of drought) for sewer- 
age, as has hren stated. 

The terminatbu of drought and commencement of surplus in tbe river, 
with the works for regulating the additioual discharge, should be determined 
iu a manner to be approved, and afterwards inspected and controlled by 
you. 

Now, the effect which the abstraction will have upon the navigation both 
of the locked part above Teddington and the tidal part between Teddington 
and London, being dependent on tie proportion which the part abstracted 
bears to the wlmle of the river water« wc have endeavoured by former mea- 
surements taken by the late and present Mr. Rennie, by Mr. Simpson, and 
now by Mr. iilackwell and ourselves, at different times, to ascertain the 
natural discharge of the Thames during such a drought as not unfrequentiy 
occurs. 

At StaineSj the head of your district, we consider the quantity may be 
taken at from 350,000,000 to 400,000,000 galloui per 24 hours ; and at 
Teddington (£8 miks lower), m which space the Colne, Wey, Mole, and 
Hog's Mill rivers join the Thames, at from ^100,000,000 to 550,000,000: so 
that, in round numbers, the abstraction near Staines will be one-fourth, aud 
at Teddington one-fifth, of the whole natural discharge of the river. In 
1846, a very dry time, it was only 248,000,000 near Staines by &Ir. Leaches 
measurements. 

As Mr. Blackwell made the river at Henley, during tbe shortest water of 
this year, 345,000,000, it may he fairiy supposed that at Mapkdorham, 
which is above the junction of the Kennet, it did not exceed 300,000,000; 
so that the abitraction of 100,000,000 would be one-third o( tbe whole 
river during seasons of drought. This is more the business of the commit" 
siouers of the upper dbtiicts; but if the navigation in their portion of the 
river be damaged, the effect upon the trade would be nearly the lamc as if 
the evil were done in your own district. 

To enable us to judge as to the effect of the abstraction, correct sections 
of the bed of the river, and of the depths and inchnatious or slopes of the 
water in the lengths likely to be affected, were indispensable. We again 
employed an engineer to complete the levels and sections from Staines to 
TeddiugtoD, which he began in the spriJtg, aud Mr, Smith to assist us in the 
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tanreyt for the aectioiit below Teddiogtoiu Theae hiTe occupied conuder- 
able time, ind hive been made with great care. 

[Here the report enumerates the locks and weirs, and specifies the depths 
upon the sills, &c. It then proceeds to speak of the deposit.] 

The diminished water would have the tendency to increase the growth of 
weeds and the settlement of deposit in all the periods, but we think it would 
not exceed a tendency, as the water is clear during the times of short water ; 
it any rate, it is not a matter which we can reduce to quantity, and the 
tame observations as to effect will apply to the reduction of depth in the 
length of the periods, some of which are, like the sills, barely sufficient for 
the barges, the standard summer drought of which is 3 feet 10 inches, and 
they often exceed this. 

The effect of the tideway below Teddington lock comes to be considered 
teparately. This lock when built in 1810, had 6 feet upon its lower sill at 
low water in times of drought. The removal of London bridge and the 
deepening of shoals in the river near London have lowered the water so that 
there is now only 3 feet 9 inches upon the Teddington sill (a reduction of 2 
feet 3 inches), and the reduction would be greater if the shoals between 
London and Teddington were removed ; for although these shoals impede the 
passage of barges they assist in preventing the water over them and op to 
Teddington from falling lower, which is one of the causes of their not hav- 
ing been removed by you. In this case, therefore, the river water, which 
foUows the descent or ebb of the tide, is valuable, both as respects getting 
OTer the shoals and keeping up the water upon the Teddington lock sill. Mr. 
Leach has calculated that the effect of abstracting 100,000,000 gallons 
would be to lower the level of the water at the lock and for a distance 
downwards 7 inches, which would be a real and practical evil. 

It is proper to state that the above evil is not, in our opinion, without 
a remedy, for by the removal of Teddington lock, and erecting a new lock 
near Kingston, or about a mile or a mile and a half above Teddington, with 
a sill of sufficient depth there, removing the shoals so as to ensble the 
tide to flow more freely up to the proposed lock, and deepening the river 
up to it, the abstraction of water would be compensated for, and the 
navigation of the Thames improved by the greater quantity of tidal water 
which would flow and ebb at every tide. 

By the removal of the Teddington lock to near Kingston, m above recom- 
mended, the drains of that and the low grounds near it would empty into 
the river below the lock, which would, it is considered, be an improvement 
to Kingston and the low ground near it. The suggestion for the removal of 
Teddington lock and of the shoals is not new ; all that is meant to be said is, 
that the proposed abstraction for waterworks will increase the necessity for 
it. It may be observed here that the scour of the river between Teddington 
and London is very little affected by the sluggish current in times of short 
water, but is chiefly due to the influence of land freshes, during which the 
discharge is from four to six times greater. Mr. Leach made the quantity 
below Staines during the flood in 1848, 1,600,000,000 $ the Henley abstrac- 
tion of 200,000,000 would therefore still form a considerable proportion 
(one-eighth) of the whole discharge even in times of flood. If it be asked 
whether, if the above improvements, by taking down Teddington lock, were 
made, and the whole of the river water at the same time preserved, matters 
would he still better, our answer would be in the affirmative ; but it is not to 
be lost sight of thst the object of an ample supply of good water is a very 
important one, and that if it can be shown that London is not so supplied at 
present, but that it would be by either of the two plans under consideration, 
the damage which the navigation would suffer would be but small if the 
means for lessening it which we have referred to were adopted : and we can- 
not suppose that the parties who were promoting the water supply would be 
unwilling to carry into effect the measures that may appear reasonable for 
preventing injury to the navigation through these operations. 

The engineers of the two plans agree that the season of drought will be 
prolonged by these works, and that the evil of such a drought will be in- 
creased. Messrs. Gordon and Liddell propose a remedy by means of move- 
able weirs. We think that a more simple one may be applied in your 
district; but as the evil is agreed, we do not apprehend there can be 
much difference of opinion as to the remedy. It must also be admitted that 
by the aubstitution of tidal for river water in a part of the river the quality 
of the water will be less pure than at present. 

We have not all referred to the numerous other new plans for supplying 
London from other rivers and sources, although we understand that notices 
have been given for some of them, which we were not, until very recently 
aware of, our instructions not having specified them. Our present impres- 
iion, however, is that none of them would fumilh that abundant supply 
which we are disposed to consider indispensable, if a general reform, or 
rather revolution, is to take place in the present system of water supply. As 
to the effect of these plana upon the navigation, iif the water be taken from 
the Colne or any other river that falla into the Thames, which is the great 
drain and recipient of all the springs in the strata that incline towarda it, 
the effect is injurious in a greater or less degree, according to the quantity 
and the distance up the river at which the abstraction may take place. 

We beg to conclude by stating that the Grand Junction, the Chelsea, the 
West Middlesex, and the Lambeth Water Works, all take their water from 
the Thames, so that the new plana would be partly a aubatitution and partly 
an addition, but the present companies' supply is from places ao low 
down tho river aa to bo comptrathrely barmleit. This character, howovir, 



would not apply ao fuUy to the Lambeth Company, when their power to 
take 20,000,000 of gallons per day from Thames Ditton, which ia aboio 
Teddington, shall be carried into operation ; and it ia natural to snppoM 
that although the present companiea take water from the river ao low down 
M to be less injurious to navigation than either of the present schemes, the 
tendency will be to follow the example of Lambeth in going higher In order 
to silence the complaints of their customers as to the quality of the water 
now furnished. 

No. III.— T»e Watford Project. 

This project has for its object the taking of the supply of water 
direct from the bowels of the earth, without allowing the apringi 
to overflow into the rivers to be contaminated, or to be discoarged 
into the sea. From experiments made in tne years 1840 and 
1841, under the direction of Mr. Robert Stephenson, it was 
ascertained that a well sunk in Bushey Hall Meadows, onhr 34 
feet deep, with four 5-inch borings to the depth of 130 feet, yieldad 
upwards of 1,800.000 gallons per day, which clearly proved, that 
by more extendea works, an immense supply might be obtained. 
Mr. Stephenson proposed to sink wells to the depth of 100 feet, 
and lift tlie water to about 50 feet above the surface of the Mea- 
dows; and then to convey the water, by means of a brick cnlverL 
driven through the hills between Edgeware and Bushey, to a field 
on the north of Edgeware, where a l^ge reservoir was to be formed 
to receive the water, whence it was to l^ conveyed by means of large 
iron pipes, along the turnpike-road to a hill near West-end Lanc^ 
where distributing reservoirs were to be formed on three different 
levels (the highest about 180 feet above Trinity high-water mark), 
and thence the water was to be conveyed, by means of iron main^ 
to di£Perent parts of the metrouolis. Ihese reservoirs were or 
sufficient elevation to supply all parts of the metropolis. For 
supplying the high ground about Hampstead. an auxiliary engine 
was to lift the water from the most elevatea reservoir tiad foree 
it up to a higher resen-oir. By this plan the whole of the water, 
excepting for Hampstead, was only to be lifted 50 feet aboTe 
the level of Bushey Hall Meadows. The total length of the work, 
the culvert, and main pipes from the wells at Bushey to £^ff^ 
ware>road, corner of Oxrord-street, was between 14 and 15 miies. 
Tliis plan, in our estimation, was more economical than the one 
now proposed by Mr. Homersham. 

Mr. Homersham proposes to lift the water from the well to be 
sunk at Bushey Hall Meadows, and convey it by iron pipes to two 
reservoirs to be constructed at three miles distance, on Stanmore 
Heath, at an elevation of 390 feet above Trinity high-water, the 
water having to be lifted 200 feet above the Meadows. At Stan- 
more the two reservoirs were to contain collectively 70 millions 
of gallons. The water is to be then conveyed from these reser- 
voirs, by iron mains, along the turnpike-roads, to another resen'oir 
(to hold 24 million gallons) to be formed at Child's-hill, near 
Hampstead, 302 feet above Trinity hish-water, and from it a large 
main is to convey the water along the Fincmey-road to Ozfora- 
street; and thence the water is to be distributed by branch mains 
to various parts of London. The reservoir at Cnild's-hill com- 
mands a district at least 110 feet above the reach of any existing 
company. Another high service reservoir is to be formea at Stan- 
more, at an elevation of 490 feet above Trinity high-water, to 
supply Hampstead, Elstree, Highwood-hill, Totteridl|jpe, Harrow, 
Stanmore, &c. At three of these places other reservoirs are to be 
formed, making in all seven reservoirs. By distributing the reser-i 
voirs they can be supplied from the mains at different times of the 
day and night. By tnese works it is proposed to supply the metro- 
polis with eight millions of gallons per day for 40,000 houses, at 
170 gallons daily, and leave 1^ million gallons for wholesale con- 
sumers. . 

The cost of forming these works Mr. Homersham estimates at 
340,000/., and the annual expenses at 15,725^ whidi includes 9,<HKML 
as the cost of pumping the water, and the wear and tear of engines^ 
which will make the expense of pumping 2s. 6d, per annum per 
house, supplied with 100 gallons per day, which is what we stated 
could be done. 

From our knowledge of the experiments that were made under 
the direction of Mr. Stephenson, we fully believe that a very Iftrge 
supply of water, of undoubted purity, mav be obtained from weUs 
sunk in Bushey Hall Meadows, which will be sufficient for a very 
large district of the metropolis. 

If the works could be carried out as suggested by Mr. Stephen- 
son, and with some trivial improvements, we should have no hesi- 
tation in pronouncing the Watford scheme as in every respect 
the best for the supply of the western division of the metropo- 
lis ^ 
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Wm DOW come to the supply of water for the districts Sonth of 
tkoTliaiiies: — 

No. IV,— The Kingstnn Project^ 

Wliidb proposes to take its supply from the river Thaands, above 
Kingston, and above the influence of the tide, where i^ettUng^ and 
fiJtertug^ reservoirs are to be ftirmed nwA engines placed for liftirig^ 
the water; and thence the water h to be r<inveyed by 30-inch mains 
to the re^n'oir4 of the Lambeth Waterwoikji at Brijctou« 

No. v.— The Wandk Pi-ojeet 

li to take the supply frum the river W'andle^ at the head of the 
kit mill, before the water iu disehar^y^ed into the river Thiimea. 
and to lift the water to a reservoir to be formed on Wimbledan 
Conamon of tvuBicient elevation to supply the whole of the S4>uthern 
distriitsj and thence the water ir* to be conveyed by 36 and 34)'iuch 
moioii MS far as the Elephant^and-Castle^ and then branch mains 
are to radinte through the different parts of the district. 

For the purpose of preventing- the Wajidle being* contaminated 
by drmaa^e or any imparities!, n sewer is to be constructed from 
Croydon to the Thames, with branch drains to intercept all the 
drainage from Croydon and (»ther towns and houses that now 
drain into the river Wandle, and also to convey the impurities 
from the different mill«: by this means the water of the river will 
ml be contaminated by drainage. It is well known that the water 
of the Wandle is from the chalk formation, and is of remarkable 
pmitv, and was one of the iources proposed by Mr. Telford for 
sappfying London. 

We believe that we have gt»ne through the several projects that 
are sow before the public^ and it is our sincere hope that Parlia- 
ment will thoroughly examine the whole, and not allow the sufij^Zy 
of water to the metropuliB to remtiin any long'er a disgrace to the 
QfttioQ and to the legislature. It i» needless for ua to enter into 
the question as to how the present companies obtain their s^up- 
^y, as it haa been so ably exposed in the colnmnt^ of the Tinies^ 
and is unmercifully condemned hy the public. 



I 
1 



WATER FROM THK CHALK FORMATION, 

Sia, — ^In the December number of your excellent JoumaJ, I en- 
deavoured to show that the lowerinjf of the water-level of the 
wells sunk under London through the blue clay to the chalk, must 
arise from the condensed and imjjervious chalk underlying the 
London clay, and communicating' with the Upland chalky and not 
from any deficiency of water in the chalk hills surrounding London 
to the norths. we«t, and south. 

This y confirmed by the fact that the chalk under London com- 
muni-cated with an rtrea of more than 1,000 sijuare miles of 
Upi*akd chalky barely covered with a porous soil; and that i- 
inch of water in depth per annum over only one-half of this 
area finding its way under London, would yield I& mittio/^ of gal" 
hn^ of water for et^ry day in the ijmr^ — while the total amount of 
water lifted from the deep wells under London at the present time, 
there is rea^OD to believe, does not exceeil lO miiliont^ of gallons 
per day. 

The amount of saline matter contained in the water yielded by 
different deep wells under London varies, according to Brande/ 
from 3f^ to 6f) grains per gallon. The base of this lialine matter 
is principally soda, which seems ti> prove that a large portion of 
the water beneath the Lond<»n clay is derived from salt water. As 
the chalk formation conimnmcHtes with the bed of the Thames, 
from Woolwich to Gravesend, and also under the sen, this is 
eaaily accounted for by supposing that the water in the chalk un- 
derlying the London clay is fed to some extent from this source. 

At any rate, it is perfectly evident from the lowering of the 
level of the water pumped from the chalk below London, when so 
inconsiderable a quantity is raised, that a verj' partial communi- 
cation, if any, exists between the upland water and that procured 
Wlow the London clay. 

S. C* HO)tB£SIJAM« 

. 10 Buckin<ffuim'4iireet^ Adeipftiy 
f January '26M, lb50. 

• 9<p Qo»rterl]r Joura&I of tti« Chtm\cmX Societi of Londiwi for Jtrntiory. ItfSO. Hlp- 



SOUTHAMPTON ARTESIAN WELL, 

Sib — As artesian wells are now become a subject of constant 
discuasion, and as allusion m frequently made to the experiment on 
Southampton Common, it may not be without interest to your 
readers to state the progress Jtnd pret»ent state of that incom "lete 
undertaking. 

Southampton ia situated in the centre of the gr^»t chalk basin* 
of which the rim may be traced along the down« of the Isle dT 
Wight, thence under the channel to the Dorchester coast, — from 
Dorchester through Salisbury to Winchester, and thence to the 
coa^t of Sussex, 

Leading geologists to determine — which they seem unable to da 
—-the probability of our obtaining an abundant supply of water, 
either from the chalk or the green-gand, I shall eouiine myself to 
a few figures and fact». 

The London rlav was reached by penetrating 78 feet from the 
surface, through alluvial clay, gravel, and sand, the rush of water 
and loose sand being kept back by an iron cylinder 14 feet in dia- 
meter at fir*t, but narrowed, at different stages, to 8 inches, at 
465 feet below the surface. The thickness of the London clay 
formation is 304 feet; it h of all degrees of consistency, from the 
loosest &and to the hardest f^tone, abounding threiughout in the 
usual fossils, beautifully preserved. A thickness of 97 feet of 
plaatic clajr brings us, at 479 feet from the surface, to the chalk, 
and into this a 4^inch bore has been carried to an additioiud depth 
of 781 feet, without any important increase of water: during the 
time of pumping, the m ater continues within ftO feet of the sur- 
face, rising to 40 or 50 feet when not interfered with. By pumping 
from this depth, 30,000 cubic feet daily may be obtained. 

The present depth was attained in 184<J, since which time the 
boring has been discontinued. Very lately, however, a contract 
has been signed with iMr. Clark to continue the boring 300 feet. I 
apprehend, however, that progress will be stayed until the Report 
of Mr. Ranger has been printed and circulated. That gentleman 
has lately^ instituted an inquiry, as Inspector under the Health of 
Towns Act, into the sanitary condition of Southampton, which he 
has conducted with admirable judgment and laborious investiga- 
tion* His impartiality, mora! weight, and ficientitic knowledge, 
have gained the confidence of all parties; and we anticipate that, 
acting under his advice, we shall avail ourselves to tne utmost 
extent of the advantages which nature has abundantly conferred 
upon our locality. 

John Dbbw. 

Southampton^ Jan.2Gth^ 1850. 



FARM DRiVlNING AND WATERING. 

We extract the following from a paper on ^' Watering of Farm 
Fieiik in Period* of Drought, and for the Distrtbttlion of Liquid JIfa* 
nurvhy Pum/ting^ and a Sy»iem of Pipejt^'* by Mr. Smith, of Deaiis^ 
ton, wiiich lately appeared in the iVarth MntUk AgricaUariHt — ■ 

The farmer, although, no doubt, it must have frequently oc- 
curred to him that much benefit would arise from the command 
of moisture, yet, without possessing the knowledge necessary to 
enable him to ascertain the practicabilitv of applying water, arti- 
ficially, over hi* vast fields, smothers his wish with a sigh, and 
makes no further inquiry on the subject. It is for those who have 
the knowledge of the whide subject to make the inquiry; and, from 
peculiar circumstances, 1 have been enabled, not only to make the 
inquiry, thef>retically, but to have it put in practice; and 1 shall 
now enable you to lay before your readers an outline of this im- 
portant improvement. 

The pumping of water and the conveyance of it in pipes coats a 
much smaller sum than most people have any idea of; and there is 
no limit, within fifty miles, to which it could not be transmitted. 
It has been ascertained, from many practical workings, on various 
scales, that the mere working of a steam-engine, to pump water 
where coals are about 10*. a ton, will not oo«t more than \», for 
30,000 gallons, raising it 100 feet high; of course, every additional 
lOO feet it is raised will cost as much more. The cost of laying 
down the permanent pipes, necessarv for conveying and distri- 
buting the water upon the ground, will amount to about two pounds 
per acre, providetl that pottery-ware pipes are used, which kind 
will be found quite sufficient, where the pressure does not exceed 
900 feet of water. In districts where there is high land within a 
distance of ten miles, the water may be collect^ and stored in 
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reservoirs and conveyed to ilia farms Vy gravitation, Thui, 
pumpin^^ would be rendered unneceflsary^ and an abundant supply 
mav be had at small cost. 

'fhe distribution will be most conveniently made upon each field 
by using lioge or other surface pipes, jetting: the water upon the 
land from convenient pointj^ and it may be thrown in the shape 
of rain by any common labuurer (with a little instruction.) in 
this way, a labourer with a boy as his assistant may effectually 
water ten acre» in a day, at a cost of about S*. for wages: anil, 
adding 2#, fur the cost of the fetching and removal of the surface 
pipes by a horse and cart, with a sum U* co> er the interest of the 
outlayed money, chargeable to each application, the whole will 
amount to 5#„ being at the rate of 6d. per acre; iind, adding Ud. 
per acre for pumping^ the full cost will be Ik. per acre. 

Tbia to a practical farmer will at ouce appear an insignificant 
charge for a Boaking shower t>f rain in a dry period; and, if it is 
in summer weather, when there is heat^ the growth of whatever 
plants are in the ground will be greatly promoted; and, what in 
very important, the pern^anent injury, by stoppage of growtfi for 
a period, which takes place by excessive and continued drought, 
will be avoided; so that, wlien the natural moisture returns, the 
plants will proceed in their growth in a healthy coiiditiou, and the 
certainty or an earlv and abundant cmp will be the result. In 
the flat countrieis, where water cannot be made availabJe from re- 
serv'oirs in the upper country, the whole water reqtiired may lie 
pumped by the steam-engine usually employed for thrashing the 
grain, and at an extremely small cost; and since it haj* been else- 
where demonstrated that manure may be most efficiently applied 
in the liqui^l form, the watering pipei* and apparatus caii be used 
with great advantage in distributing the manure, by which they 
would perform the double office of supplying abundance of water 
in dry seasons, and of distributing the manure at all seasons, when 
proper to apply it. 

In the application of liquid manure, much dilution is found to 
be absolutely necessary: and the farmer should always be provided 
with an abundant supply of water, wherewith to mix his liquid 
manure from the farm, or to disstdve and mix with such artificial 
manures as he may tindit profitable to employ; in this way, the 
most minute shade of nonriwhing matter may he given at such 
timeti as the plants may require. It has been ascertained by the 
analysis of dminas^e water, that a congiderabJe portion of the dung 
put upon land pasties off with the superab uadant rain water. I, 
therefore, propose tliat, upon eiery farm, there should be a pond 
or reservoir to catch and store up the drainage water of the wet 
season, that it may be throw Ji upon the land in dry jieritivds — ^thus 
saving, a^j far as it is possible, the enriching matter, whicli would 
otherwise be lost. This points to the lowest part of the farm as 
the most proper site for tlie homestead or farm-buildings, that the 
steam-engine may be contiguous, at the same time, to the farm- 
stead and to the reservoir. Such position for the farmstead would 
be most suitable in another important point of view. The system re- 
cently called high farming woulil seem to be Iniperatively called for 
in the present condition of the agricutturists of this country, tvhen 
a greater proportion of rearing and feeding of cattle must be car- 
ried out on every farm, so that a larger amount of manure may be 
produced, with a mure profitable applicatiun of the food raised, 
To this end the liquid manure and distribution by pipes will gi-eatlv 
contribute; whilst having the farmstead in a low position will 
assist in the carting home of the increased green crops for house- 
feeding, being chiefly down hill, and will be, to a certain extent, 
advantageous for the carrying home of graiji crops as well. The 
farmstead will generallv thus be in a more sheltered position, 
which in ail respects will be advantageous, except with the single 
exception i*f drying of grain in the stack, which process can be 
plated under the more immediate c^>ntrol of the farmer by cheap 
and efficieut artificial means. 

All over the Lothians, and the other more advanced districts in 
Scotland, the steam-engine is a common appendage to every farm- 
Btead of any extent, for the purpose of thrashing the grain, cut- 
ting the straw and roots, and bruising grain, &c.; and as such 
engines are employed but a very small portion of time, a foraing 

f^ump may be attached for the purpose of pumping water and 
iquid manure. The applicatiun of the common liquid manure of 
a farm has hitherto been an uphill work, and must always be so 
when a manure cart is employed as the means of conveyance and 
distrihutiou; and the fiirmers who have taken the trouble to ascer- 
tain the cost of carrying out their liquid manure by cart must have 
long ago fiiuud that it is very great, and that in mowt instances (to 
use a Scotch phrase J, *'The cost will o'ergang the profit.** The 
application is generally limited to grass lands, where much injury 



ts frequently done, by so much carting as if necessary. H^hen the 
liquid is apnUed in dry periods the grass Is frequently injured by * 
the strengln and acrimony of the fluid: to dilute it with water 
sufficiently would add verj^'much to the expense of the conveyance 
and distribution by cart; but when pipes and a steam-engine are 
employed, a large amount of dilution adds very little to the neees* 
sarv expense. 

The permanent pipes should be placed two, or two and a half 
feet under the surface, fro as to remove them from the influence of 
severe fmst, and from any interference with the deepest working 
of the land, and it will be suflficient that there be only one or two 
points of communication with these pipes in each field^ a^ remov- 
able pipes, laid upun the surface, are found sufficient to convey the 
liquid to the pidnts from which the water or liquid manure has to 
be jetted. These pipes, which are made with slip-join tfft, can be 
remfjved from field to fields so that one, or at most two seta of re- 
movable pipes will suffice for a moderate-sized farm. 1 have thus 
endeavoured to la\^ before my readers an outline of my plan for an 
artificial supply of'^ moisture to the soil. 



PARKERS WATER WHEEL, 

This important improvement is now extensively in use in nearlf 
everv State in the Uiiion. By the most careful scientific tests, 
and by observations in many instances in whicJi it has been sub- 
stituted for overshot and liigh-breast or pitch-back wheels. It 
has been fully proved to be more effective in jioiut of economy of 
water than gravity wheels; while its simplicity, its not being im- 
peded by backwater, or obstructed by ice, its convenience of 
arrangement for inspection and management, the smallness of the 
space it occupies, its great durability, its not being liable to get 
out of order, aud its cheapness, especiaHy for great powers, are 
im]>ortant advantages not poesessed in nn equal degree by any 
other mcitor. 
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The above figures represent one of these wheels recently estab- 
lished in the Agawam Canal Company's^ Cotton IMill, at West 
8priiigJield, ilass. ; fig. 1, being an elevation or \'ertical section 
through the axis of the wheel; fig. 2, an elevation across the shaft, 
representing a section of the penstock and draft tubes, and a 
profile of the helical inlet The jiarts of the drawing have their 
true proportions according to the scale. 

The fall of water operating the wheel is 31 feet; its full power 
is estimated at 250-horse power, with an expenditure of 6396 cubic 
feet of water per minute. The wheel consists of a pair of reaction 
wheels iir rims v\ of a nuidificd and improved form, arranged on a 
horiKontal shaft, and a double helical sluice o, which conducts the 
water into the wheels with a lively annular motion in the direction 
in which the wheel moves. The wheel, with its helical sluice, Is 
placed within the penstock, or reservoir supplying it, aud is 
entirely surrounded with water, the extremities of the shaft only 
protruding from the sides; its axis is 20 feet high from the surface 
of the tail water. The water passes from the wheels or rims into 
tw^o air-tight chambers or cases c, called ** draft boxes,** from 
which it passes into two air-tight iron tubes rf, called *^ draft 
tubes," which terminate and discharge the water beneath the sur- 
£ice of the lower level. The air being entirely excluded from 
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ihmm draft boxes and tubes, and their sections being many times 
greater than the aggregate openings of the wheel, the water within 
them descends filowh% being field up by the pressure of the atmo- 
sphere on the lower leveL It conseciuently acts by its fz^avity in 
p\ing the water force and velocity, in its passage through* the 
helical inlets and wheel, as effectually as it would if it were over 
ihe wheel and acted by its pre^jsure as head water* The wheel is 
40 inches in diameter, and^ at itn proper working speed, makes 290 
I revolutions per minute* The power is trannmitted directly to the 
{line slmfts of the mill by belts, from drums or pulleys p, on the 
* eiEtremities of the shaft of the wheel. The drums are 6 feet in 
diameter, and the pulleys on the line shafts 10 feel^ the belts 
consequently travel at the rate of 41 18 feet per minute, or a little 
more than 47 miles per hour, giving the line shafts 132 revolutions 
per minute. W^ith the gate A, (whicli admits the water to the 
wheel,) a little more than half drawn, the wheel drives with full 
speed 7000 throstle spindles, and about half of the additional line 
slufling necessary for the balance of 16,000 jspimlles, (the number 
the miB is to contain when tilled), a number of iron and wood 
lathes, circular saw, &c. 

The water required to effect this is about 4500 cubit feet per 
minute. From a comparison of this result with that of wheels 
pieviously erected for propelling cotton mills, working with the 
gate partly drawn, it is confidently anticipated that the full power 
of the wheel will drive 13,000 spindles. The company expect to 
^tttach machinery sufficient to require the whole jiower in the 
eoone of a few months. The whole cosst of the wheel, with all the 
parts pertaining to it, was about 5000 dollars. 

This wheel was substituted for a pitch-hack or high-breast wheels 
32 feet in diameter and 1 7 feet wide, which was operated by the 
some fall of water. It was made Jtlmost entirely of iron, the 
buckets and soling only being of wood. The quantity of water 
required to propel it was estimated at 48U0 cubit feet ner minute. 
The greatest power tliat could be got from it was only sufficient 
tw ^000 spindles; another thtiu^and was attached, but it could 
not he made to diive them with sufficient speed. It was erected 
early in the present year, and, after running about three months, 
cQn^^tantly requiring expensive repairs, it was deemeil expedient 
by the company to remove it, and substitute one of Parker's, which, 
as yet, appears to the directors and manageri^ of said company to 
possess many very superior advantages, as compared with the old 
wheel, there being much less li;ibility to failure. Another impor- 
tant advantage is in getting up the required speed for the machinery 
without the use of intervening gearing; thus saving a heavy 
expense in repairs, and a large amount of oiL 

Parker s wheels, in the form here represented, are now in opera- 
tion in the mills of the following pruprietors, to whom those 
interested are referred for a confirnifltioii of that which is here 
itated* 

Horae power* 
T. F. Plunkitt, Pittsfiekl, Mas., Cotton Mill . 65 
J. Barker & Brother, Pittsfield, Mass., Cusinet 

Mill . 15 

Pkttner & Smith, Lee, Mass., Woollen Mill , 43 
Glendale Woollen Company, Stockhridge, Mass., 

Woollen Mill 65 14 

Berkshire W^oollen Company, Great Barnngion, 

Masdp . 



Feet foil. 
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43 

140 



White & Sheffield, N. Y. Citv or } Saugerties . 
Jos. Kingsland, Saugerties, N. Y* / Paper Mill. 
Jo«. Bailey, Douglasville, Berks Company, Pa., 

Rolling Mill 

New Brunswick Manufacturing Company, J. 

Stark, Agent, New Brunswick, N. J., Ct>tton 

Mill 

A^awam Canal Company, D. Jakeworth, Agent, 

West Springfield, Mass., Cottun Mill 

^ith the exception of the last-mentioned, these wheels have 
I in operation from one to five yeart:, aiid so far as has come to 
knowledge of the writer, neither of them has required repairing 
t the amount of a single dollar, nor been out of working order 
an hour, since they were first put in operation, — American 
franklin Journal, 
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pROOESDiifGa or sczciirTiric socibtics. 

ROYAL INSTITUTE OF BRITISH ARCHITECTS- 
Jan. 7*— T* Bellamy, E«q.» V.P.. in the Ciiair, 

Mr, Fcrgusson read a paper ' On the Architecture of Southern Indit/ 

which we give, in full, in another portion of the Journal, p. 37. 

The following letter, from Mr. Edward Falkener, was then read:^ 

DftAR Sir, — I just hive time to write this ha^ty memorandum of the 

recent exea?ation3 at Rome. On the declaration of the Republic at Rome, 

the government, actuated by the triple motive of pride in the ancient 

glory of their anceitori , love of the fine arts, and a desire to provide for 

the temporary necessities of the indigent part of the population, ordered 

, excavatioai to be commenced tn the Roman Forum. The work was carried 

I on with great energy, notwithitanding the declamationi of the anli-Repub- 

I licant, who inveighed against the barliArvsm of cutting down the old trees 

I in the Campo Yaccino; btit who now with cqoal ardour praise up tbe 

' French government for continuing the excavation. Little, however, hai at 

I present been discovered, although a large quantity of earth bat been turaed 

j up. The part excavated hai heen that adjoining the south-eastern side of 

, the Column of Phocas. The only remains brought to light are some unim* 

portJint brick walls of the late Empire, and a stone pavement apparently of 

the Forum p with one continued step at the fide» which probably naarks' the 

, tine of porticoi although no columns were found to justify this supposition. 

The works, however, still continue, and very sanguine expectations are held 

, by the arch^ologue* of Rome relative to tbe result. Other excavations 

I have heea conducted in the Forum of Trajan, but with no better success, for 

with the exception of some fragments of sculpture, no remains of interest 

i have been discovered. 

More impoftant fruits have been obtained in the Trastevere. In pulling 

' down and rebuilding an old hotise, a very fine statue nf Greek art was found, 

represetiting an athlete, who, after isstiing from tbe thermie, ii represented 

cleaning his left arm from the perapimtion of the bath with a stflgil. It is 

, of white m&rbler and rather more than the si^ of life. Again, in aQOther 

part of the Trastevere, rnhvlt removiag the paving stones and earth from the 

carriage-way, I beUeve for one of the barricades, a large bronze horse waa 

I discovered, which is esteemed of early art from the short neck and other 

I peculiarities displayed in it. The near fore leg has unfortonately been 

I crushed and shattered, but no part of it is wanting, and it \% considered that 

I it can easily be restored. Tbe seat is wanting, and from that circumstance 

I it is difficult to say whether an equestrian Qgure was attached to it. Thia 

j work of art has been placed in the Capitoline Museum, and the athlete in 

I tbe Vatican. Lastly, In pulling down an old house in tbe Via Graziosa, 

I near Sa. Maria Maggtore, some highly interesting recuaina were discovered 

I of an ancient Roman bouse, cansistifig of several fresco paintings on a brick 

; wall From the circumscribed nature of the ground, there being other 

j houses on each side, further excavation was impossible; but every pre- 

I caution has been taken for the preservalion of what baa yet been discovered. 

iThe paintings repre^sent the adventyres of Ulysses, a circumstance which is 
highly interesting, from the fact that thia is one of tbe subjects recom- 
mended to us by Vitruvius, for the decoration nf private edifices. The 
^ palntingi are moreover remarkable from having tbe name of the figures 
scratched with a point over the head of each figure. At the present moment 
eight of these paintings have been exposed. Immediately above these 
frescoes, on the Jirtijioor, are three semicircular-headed windows, the lower 
tinmioira on each side were found in their place, thoagh the crown of tbe 
arches had fallen in or been removed. They have since been restored. 
Again, on the second Jioor, on a cross wall lying at right angles with Ibe 
other wall, and forming the parly wall of tbe adjoining hotise^ the base of a 
marble column of tbe Corintliiatior Composite order, and of good style, was 
found in sita^ which,^ whether we regard the dimensions, about W inches 
diameter, or the height at which it was found, renders it of the bigbcit in- 
terest as connected with tbe study of the domes tic architecture of tlie 
ancients. It is extraordinary that these remains shotild have existed above 
ground fur so many ages. Apologising for this hurried description, 

1 am, &c!., 
Thos. L. Donaldson, Esq*, Prof., &e. Edwarh Faxitinsr. 



INSTITUTION OF CIVIL ENtllNEERS. 
Jan. 8. — WiLUAU Cvbitt, Esq., Prciident, in the Chair. 

This evening was devoted to tbe reading of the address from the Presi- 
dent, on taking the Chair for the first lime after his ('lection, and which ii 
given at length in another portion of the Joumatf p, 41* 

Jan. IS.^Thc paper read, was *'Jn Account qfthe Biac/^afM Landing 
Pier." By Mr. F. Lawrence. 

Thia pier commences on the Middleaei side of tbe river, to the east of 
Blackfriats Bridge, at Chatham -pi ace, and continues parallel to the bridge, and 
at a distance of forty feet from it, fur a length of one luindred and eighty* 
five feet. The body of the pier (exclusive of the bead) is supported on foar 
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pier», tvro of which conilst of a tingle ro^t and two of a double row of ptltti^, 
formlDg three spans of ^(tj feet each, and hftving aboQt eight feet headway 
under them at high water. The doating harge^ or dumbf, on which the pan* 
tengers land, is one bandred feet long and twenty^fi^e feet wide, rising and 
falling with the tide, in groove* at each end, formed by piles and protected by 
dolphins. The connection between the d'lraby and the pier is by a moveable 
lUge eight feet wide and dfty feet long, aecured to the pier betd, «t one end 
by a hinge joint, and the other end aimilarly connected to a flight of stept on 
wheels* which mo^es on a tramway fixed to the deck of the barge. The 
principal portion of the timber uied in ha conitriictioa w&i fir; hut the whole, 
whether of fir or oak* wai impregnated by Payne's procefi — those portions 
below high-water mark being further protected by a coaliug of Stockholm 
ttr. The whole of the cost and wrought iroa work was galvanised. 

The Corporation of London bad observed the necessity for an improved 
landing place, so early as 1341, but it was not until a fatal accident occurred 
in 1B44| that any decided stepa were taken in the matter : then Messrs, 
Walker and Burges received ioatmctions lo prepare a design, which waa 
approved^ and the pier was commenced in March 1815, and completed in 
October of the tarae year, under the iupcrintcodencc of Mr. Hcwett, M. lott. 
C,£. The total cost was about 4,000/. 

The next paper read was a ** Deicnption of a Timhtr Bridget erected 
9Wr the River OuMe, on the tine of the Lynn and Ely Railway^ By Mn J* 
S* Valentine, M. Inst. C.E. 

The total length of this bridge wat four hundred and fifty feet, divided 
into eleven bays, ten of thirty feet span each, and one over the river of one 
hundred and twenty feet span on the square, and one hundred and twenty- 
one feet six inches on the skew. This river-opening conitsted of three 
laminated timber bows, resting upon stone piers, the material for which was 
procured from the New Leeds Quarries. The dimensions of the bows were, 
length of chord, one hundred and twenty- one feet six inches; versed vine, 
fourteen feet two inches \ and their depth, three feet eight inches; the width 
of the outer bows waa two feet two inches, that of the centre how two feet 
nine inches. They were formed of fifteen layers of three inch deals, abutting 
upon a cast-iron plate, bolted to the tie-beams, which consisted of two whole 
timbera scarfed and bolted together. Each lie-beam was suspended from the 
bows by thirteen wrought-iron rods, two inches in diameter, and between 
these diagonal atrots were fitted, Tranircrse joists, notched on to the 
tie-beams, extended across the whole width of the bridge, and on these the 
nil hearers were laid, the intervening spaces being filled with three inch 
dealSj laid longitudinally* 

The works were commenced in the autumn of 184G, and completed in 
October 1847; the total cost of the snpcratrticttire being about 3,744f. 
When te&ted| by placing three locomotive engines on each line of rails, the 
total defiectiou w'as only three-eighths of an inch* 

Jim, 22. — The paper read was **0n the Periodical AliemAtiont and Pro- 
ffre^tive Pertnaneni Depretnon of the Chalk Water Level under London,** 
By the Rev. J. C. Cldttkiimuck, 

The author began by defining the Chalk Water level to be, "the height lo 
which the water rises at any point or continuous aeriea of points in the 
cbalk, or from Ibe chalk in perforations, through the London and plastic 
clays, above the chalk/' The term Mrtesioid' was used to describe those 
wells sunk through the London and plasKc clays, in which the water rose 
from the chalk, or the sands of the plastic clay Vonnation, above the level of 
those strata, though it might not the to, or overflow the surface of the 
ground. 

Reference was made to papers read before the Institution in 1842 and 
1643, in which it was shown that the chalk water level was described by an 
Inclined line drawn from the highest level at which the water accumulated 
in the chalk, to the lowest proximate venl, or outfall: a general rule, which 
was found to hold good, not only where the water was found by sinking into 
a permeable stratum, but where, as in the London Basin, the water rose from 
a permeable stratum, througlt perforations in any im permeable stratum 
above it. 

The example treated of in the paper, was described by a line inclining at 
an average of about 13 feet in a mile, from the outcrop of the London and 
plastic clays, to mean tide level in the Thamcf , below London Bridge. 

The height to which water rose iu the Paris Basin, from the lower green 
sand, was adduced in confirmation of that rule. Before the artesian well 
at Crenelle waa bored, M. Arago calculated, that Ibe water would rise above 
the level of the soil at Paris, as it rose above that level at Elheuf, near Rouen. 
The height at which the water was found in the lower green sand, near 
Troyea, being 100 metres above Paris, and 131 metres abovfs the sea, the 
aythor found that a line drawn from that point, to the levet of the sea at 
Havre (where the green sand cropped out), passed over Paris and Elbeuf at 
the elevation to which the water actually rose in both places. A calculation 
based on the same principle (taking the level of the water in the lower 

Seen sand, at Leighton Buzzard, at 280 feet above the sea), showed that if 
e chalk and ganlt were bored through in London, the water from the 
green sand would rise 150 feet above Trinity high-water mark. 

Passing from the natural to the actual condition of the chalk water level, 
under London, there was a general permaoeot dcpresiion of from 50 to 
60 feet below Trinity high-waler mark. Meaaurements of a well in London, 
m which the level was seldom distsrbed^ showed periodical alternations^ 



coiocident with the exhaustion and replenishineut of the chalk alraiuaibf 
natural caasei, to the amount of 4 fi. 6 in., and a permanent depreatioaof 
1 ft. G in. per annum, or 12 feet in eight years. 

Again, referring to former calculations, it wu shown that ibe margio of 
this depression was extending in a greater ratio towards the North than ta 
the South, or S,E. Since 1843, the level was pennanently depressed it 
Harapstead-road, 10 feet; Camden Town, 19 feet ; Kdburn. 20 feet; aad 
Cricklewood, 10 feet. The limit of the depression being, in 1843, betweea 
the latter places. 

Allusion was then made to the influx of water at the point where the 
Thames passed over the outcrop of the sands of the plastic day fonnation, 
and the chalk, as a point to be determined by geological inquiry, and con- 
nected with observationa as to the action of the tides on the level, and thr 
chemical quality of the water, in that neighbourhood. 

The general conclusion drawn from all these facts was, that the rapidity 
of exhaustion from Artesian wells under London, greatly exceeded ' 
rapidity of supply ; that the amount of defalcation was marked, and 
bo measured by the extension of a progressive permanent depression, pi 
that the supply of water from the cbalk stratum became each year 
precarious, and less to be depended upon, even should there be no adi 
to the Artesioid wells in and around the metropolis. 

In the discussion which ensued, it was ahowu that oolf such a supplf of 
water percolated annually through the cbalk stratum, as could fee accoontad 
for by the discharge from the rivers of the upper district. The result* 
yielded by Daltoii's Rain Gauge, as used by Mr. John Dickinson, were 
adduced in proof of this position. 

The chemical analyais of water from wells sunk into the chalk, showed 
the probability of an influx of the tidal water of the Thames, to replenish 
the vacuum caused by the imraeuae extent of pumping from the London 
wells. 

On the other hand it was contended, that from the great extent of stirfaee 
whence the chalk derived its supply, there might be soeh a surplus store at 
water, at would warrant any amount of pumping, for the domcilic supply 
for the metropolis. 



ROYAL SCOTTISH SOCIETY OF ARTS 
Dec. 10, 1810.— Thomas Grainobr, Esq., CE., President, in the Chai? 

The following communications were made;— 

L The PusaioKNT delivered an address on the detirableneta of obtaijking 
communications relative to the Construction and Details of Engineering aad 
other Public Works, accompanied by the necessary Models and Drawings, 

2* **Natiee qf a Chromatic Stereoteope/' By Sir David B&twbtvs, 
K.U.. F,R,S , V.P,R.S.E. ' 

The instrument consists of one lens 2^ inchei in diameter or opwanit, 
through the margin of which each eye looks at an object having two colouts 
of different refrangibilily. The effect of this is to cause the two parts of 
the object thus differently coloured, to appear at different disUnces from the 
eye, just as in the Lenticular Stereotcope, the two parts of an object tfast 
arc nearest to one another in the double picture rise in relief, and give the 
vision of distance as of a solid figure. The instrument may consist of two 
semilcnscs,, convex or concave, or of two prisms with their refracting angles 
placed either towards or from one another; and the effect is greatly iaereised 
If the lenses or prisma have high disp ensive powers, such as flini rIim or oil 
of cassia. 



HOTrS OF THE MONTa. 

RAILWAYS OPENED IN THE YEAR ie4». 

The aggregate length of English railways ojjened for trmtfic in Hie fw" 
1849 waj 750 miles; of Scotch railways 734 miles, and of Irish railways 
114 miles— making the aggregate length of railways opened in the Uaiced 
Kingdom duriug the past year 937 miles, being 270 miles teas in c:tteut than 
those opened during the year lfi48. 
The Engli&b lines were^ 

Chester and Holyhead, Mold branch, 13i miles. 

East Anglian, 24 miles. 

East Lancashire, 45 miles. 

Eastern Counties and Norfolk, 15 miles. 

Eastern Union, including the Slour Valley line, 43 milet. 

Fumess, 1 7i rotles. 

Great Northern, 33 miles. 

Great Western extensions, 90 ntleii 

Lancashire and Yorkshire brandief, tt nfl«i« 

Leeds tad Thtrsk, 90 miles. 

Londouand Black wall, 1} er ' 

London and Nor th-Wcstern Mittf, «i}d Laedi iai 



•.luu, MkUvv 
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Mmnebetter, SheMdd, And Lincolnthlre briQches tnd exteniioos 97 milei* 

MidUnd extension, 16 mitet. 

llifwcaatle ^nd Carlisle branch, 4 miles, 

Horth Suffordihirei &1| miles. 

KortJi- Western* 37 njilet. 

Readio^^ Guildford, and Rcigatef 45 miles, 

Shft^sborj and Birmingbam, 30 miles. 

Slifopshire Union, 30 ruiles. 

ith Devon, 2^ milei. 
I&*£ailerii (North Kent), 2&| miles. 

lb Staffordshire, 17f miles. 
iMtb Yorkihire, 9 miles. 
Wbitehaven and Purness, 161 miles. 
TorV, Newcastle, ajid Berwick branch, 21^ miles* 
I Ibe Scotch lines were — 
Aberdeen, 32 miles. 
Caledonian extensions, 18 milet. 
North British braaehes, 23 ^ miles. 
The Irish lines M?erc — 
Cork and Handon, 9f miles. 
Dublin and Belfast Junction, 22 milea. 
Oundalk and Enniskillen, IB miles. 
Great Southern and Western extCDiaion to Cork, 58{ miles. 
^tewry* WarrenpoiJit, and Rostrevor, 6 miles. 



RAILWAY TRAFFIC, 1849. 

Tbe frdis traffic receipts of railways ia the United Kingdom for tbe jear 
1849 is estimated at 11,013,820^. on fi,l€l miles of railway, being an 
iDcrease of 954,820/. in the receipts over those of the preceding year on 
4,325 miles, and also an increase of 835 miles of railway in operation. 

Independent of these railways, there are ahoot twenty new lines in opera- 
tloo, of an aggregate length of 445 miles, the traffic returns on which are not 
published weekly, but may be ciUmated at 200,000^ for the past year* In 
addition to these, there arc filtceo other liues, of an aggregate length of 
344 miles, belonging to old railway companies, who do not publish their 
traffic returns ; but it appears from the returns to tbe Kaihvay Com mi i- 
■raers that the gross receipts on these lines are about 470,000/. per annum. 
Ttoe aoms, added to the above, show that the gross traffic receipts on all 
tbe railways in the United Kingdom during tbe past year amounted to 
11,683>800A; and the aggregate length of railway open and over which the 
tidfie was carried was 5,950 miles, being at the rate of 1,963/. per mile per 
aanum. 

With regard to the traffic returni of tbe railways tn Great Britain ami 
Ireland, published weekly, they show a progreuive increase during the |Mist 
eight years as follows ;— 



IMS 4.341,788 

1843 4,842,650 

1844 5.610,980 

184S .> 6,669,230 



1846 7.689,870 

1847 8.975,671 

1848 .*... 10,059,000 

1849 .,, 11,013,820 



The attnaal increase In tbe receipts has been very considerable, partly 
aninig from the continual development of the traffic on tbe irnnk linea, 
and partly from the additional receipts derived from the opening of new 
iiaes and branches. The increase of traffic in the year 1843 over that of the 
preceding tear amounted to 500,870/. ; in the year 1844, to 768,337/. ; in 
1845, to '1,058,340/. ; in 1846, to l,020,650/.j in 1847r to 1,285,780/. ; 
in 1648, to 1,083,335/. ; and in 1849, the increase over the preceding year 
imoctnted to 954,810/. 

At the end of the year 1842, 1,510 miles were open to the public ; during 
the next year an additional length of 56 miles of new railway was opened 
far traffic; in 1844 a further length of 194 miles was opened ; in 1845. 263 
I tttleas in 1846, 593 miles; in 1847, 639 miles ; in 1848. 975 miles; and in 
1S49. a further length of 834 miles, making at the end of the year a total 
leogib of 5,161 miles in operation. 

The average traffic receipts per mile show tbe effect of opening within the 
past three years to many miles of branch and competing lines of railway. 
Daring the year 1842, the gross traffic receipts averaged 3,1 13/. per mile; in 
1643, 3.085/. ; in 1844, 3,278/. ; iu 1845, 3,469/. t in 1846,3,305/.; in 1847, 
8,8701.; in 1848, 2,556/.; and in 1849, 2,302/. per mile. This shows a 
gndoal falling olf in the average traffic per mile during three years of more 
tban 3D per cent., and there seems every probability of its continuance, so 
kmg aa the present erroneous system is pursued in constructing unproduc- 
tive extensions and unnecessary branches. The reduction in the receipts 
per mile would be a matter of no great consequence, provided the average 
cost of construcling the railways was proporilonahly reduced, say In the same 
ratio of the traffic per mile, from 3.>,000/. to 23,000/. per mile, and so ou in 
like manner with every additional mile added to the system. Uofortnoately 
this is not the case, as the following will show :— In 1842 the cost of the 
railways in operation averaged 34,690/. per mile; in 1843, 36,360/.; tn 
1844, 35.670/.; in 1845, 35.070/.; in 1846, 31.860/.; in 1847, 31,7001.; 
in 1848, 34.234/.. and in 1849, 35.214/. On a comparison of the average 
cost per mile in 1845 of 35,070/.^ when there were only 2,040 miles of rail* 



way open, with the average cost [in 1849, of 35.214/., when there were 
5.160 miles open, it shows that an increue in the cost per mile has takeo 
place, noiwithstanding that 3,120 miles of addttional railways and branch 
railways have been constructed. 

The increase instead of a decrease in tbe average cost per mile is a most 
alarming feature in railway statistics, because it shows clearly that tbe con. 
tinual additions to the capital icconnU of the old and completed lines of 
railway far outweigh all the profie«ed advantages of constructing thousands 
of miles of new railways and branches at considerably lest co»t than the 
average expenditure per mile on the old trunk lines. It was stated both in 
and out of Parliament that the new lines authorised in the 1844 and sncceed- 
ifig sessions would not exceed 25,000/. per mile, and that a considerable 
portion of them would not cost above 18,000/. per mile. Some have been 
constructed witbin the estimate, and others have exceeded it. Tbe serious 
evils arising from the improper practice of adding large sums every half-year 
to tbe capital accounts of old railways must he remedied in future by 
closing at once their capital accounts, and also the capital accounts of every 
new railway, before the end of two years after the opening of the line; 
otherwise there can be no foundation for confidence ia either railway 
property or railway management. 

The capital expended on railways, the [traffic returns of which are pub- 
lished every week, amounted in July 1842, to 52,380,000/. ; in 1843. to 
57,035.000/.; ia 1844, to 63,489>000/,; in 1845, to 71,648,000/,; in 1846, 
to 8.1,165,000/.; in 1847. to 109.528,000/.; in 1848, to 148,200,000/. ; and 
in Ju!y 1849, to 181,000,000/. The gross traffic returns per cent, on the 
capital expended amounted, in 1842, to 8*29 per cent.; in 1843, to 8 42 ; in 
1844, to 8-84 ; in 1845, to 9 30; in 1840, to 9*25; in 1847. to 8*20; in 
1848, to 6' 78 ; and in 1849, to 613 per cent. This gradual decrease in the 
revenue, with a greatly increased capital aud mileage, shows the absolute 
necessity of closing the capital accounts. 

The expenditure on the new and old lines, the traffic returns of which are 
not published weekly, amounts to about 16,000,000/., that is, 9,000,0001. on 
the former, and 7,000;000/. on the latter, mzkking, with the 181,000,000/., a 
total of 197,000,000/. expended on 5,950 miles of railway, being an avenge 
cost of 33.1101, per mile. 



PROTECTION OF IRON FROM OXIDATION. 

At the Exposition at Paris in 1849, there were exhibited numerous articles 
manufactured in iron, covered with a kind of transparent vitrcou» coating, 
completely spread over the surface of the metal, like a varnish, and capable 
of affording a perfect protection against the action of the air, or any other 
oxidizing agent. This appears to be an invention susceptible of many useful 
applications; for, whether the iron be in the &tate of a rolled plate or bar, 
or drawn into tubes; whether it be cast into ^vater pipes or into articles of 
the most elaborate form and design, as va&es, and other ornamental works, 
it can be equally well endowed with (his protective coating — it is also • 
matter of indifference whether the article be made of forge or cast-iron. The 
following ii stated to be the process employed in imparting to the iron tbe 
TitreouB surface : — Firstly, the object, whatever its shape may he. is thoroughly 
cleansed by dilute add, which serves to remove, from the metallic surface, 
grease, dirt, and every trace of oxide; this is important, for, if any foreign 
matter remain upon tbe surface, the perfect adherence of the fused glass wiU 
be effectually prevented, when that part of the operation is reached. After 
the action of the dilute acid, the work is to be well washed and then dried ; 
when perfectly dry, it must be brushed over with a tolerably strong solution 
of gum-arabic, which may be applied by means of a camel-hair brush. Over 
the whole extent of the gummed surface, powdered glass, of a peculiar kind, 
is then sifted, and care must be taken to cover every part of the surface with 
this powder, otherwise the vitreous coating will he imperfect when tbe 
operations are completed. When thus prepared, the work is introduced into 
a furnace or retort, heated to 100° or 150^ centigrade; (212Mo 302^ P.) 
and, when thoroughly dry, it is removed to another furnace, where it ia 
brought to a cherry red heat; the vitreous matter, which adhered to the 
gummed surface of the metal, now undergoes fusion — the progress of thia 
stage of the process is ascertained by looking through a small opening (con- 
trived for this purpose) into the heated chamber. When the fusion is com- 
plete, and tbe glass seems to have flowed over the whole of the sorface, tbe 
article is removed from the furnace and placed in a close chamber, from 
which the air is entirely excluded — here it is kept until it has cooled down 
to tbe temperature of the atmosphere* The vitreous compound, applied to 
the surface of the metal, consist of the following substances ; — Powdered 
flint glass, 130 parts ; carbonate of soda, 20| parts ; boracic acid, 12 parts. 
These must be melted together in a " glass pot," iind a fusible glass will be 
the result ; when cold, this must be pounded with care, so that it may be 
reduced to a powder, sufTidently fine to pass through a silk sieve. When 
thus prepared, it ii ready to be applied to the surface of the iron, according 
to the method descrihed above. If, after the fiut process, the coating of 
vitrified matter on tbe metal should prove not to be quite perfect, the mani- 
pulation must be repeated, a second coat of powdeted glass being applied ia 
tbe same manner as the first. It is necesiat j that the vitreous matter which 
forms the coating should bfl quite free from foreign matter, for if the object to 
be coated be oxidixed or greasy, the coating of glass will not adhere, and 
the ret alt of the operation will be, consequently, very imperfect. 
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TVaeing Pupet, — Meiirt. Wftlerlow snd Soni hftve recently inlroduced % 
f«iT UMful drtcHpUoQ of Frvorb tnclnf pitp«r for ih« e»gUioer*» office. It It to be h«d 
40 Incbefl ifid« and I'l j y&rdi In Icngtb, aod !■ remorkably tranipareat. 

J$syriaH Antiquiiie*. — Major ]{* RiwliitaoDi the E.i.C/8 Political Agent 
in Turkiib- Arabia, and H.U.*a CoqsuI at Ba|idad» nbo baa lately ariiyed lu thia couptry 
fhnn Hagdidj but brought «vitb bita a quautSly of cAita of Babylonian lii»crUiUona. and 

\Of BtODt a ' 



also tome packo^ra containing fleurra < 



^ and terracotta, lieiiijj rcmaioH of Auyriau 



KutlqoitlMi and tbey an Intended to be deipotited in th« Hrltlab Miueum a od oilier 
■cienltttc ioititut^ona of the nietropotlt. Lord Maboo exhibited aomeof the cittta at the 
Sodety of AtsUquariea ou the '.'4lb uJt. 

Te$timonial to Mr, Dockray^ Retidtni EngtMer on the North Wettem 
Railway.— At a letlimonlal of respect for bit welKkoovrD and aulfoj-nilnlegrUyof cUamc* 
ter, Itr. Dockray haa bad the proud gratification of being pretented by hia brother 
officer* iu the I.ondcti and North- \Ve»ter« KaUiT«y,o»d by other gentlemen proleailonaliy 
cODDfcted with bim, idth « half-length portrait of ht(nielf» pointed by Phitlipa, accozn 
paoled by a purte of Wj *avtte1gna, ond -XiO^ of London and North- Weaterii Stock at par. 
Mr» Doikrsy waa, inorcoverj, proented at the aame time with an elegant tllver aervice cf 
plate, of the value of lL*t<f. Both portrait and •crvice bear the following intcrlption : — 
"Thli fenrice of plate, togelher with ihla portrait, and bOOL Londoit and North- VVeatem 
BnUway atock.waa preaenled to Bobe^it Beuaon Dockray, Esq., MJ.CE:., retident eo- 

flncer of the London and North-WetttrD IUllw«y» by J(A* •tib»cHber«» couaiatlng of hia 
rother officera, and pHirate fHcnda, m a teatlmontal of their respect and eiteein, Novem- 
ber» I641j»," The portrait has be«o cngrared la a moat mnaterty ityle by T. L. Atkln- 
aoD, Etq. 
East India Railwayg, — Mr, J, C» Mclvill, the lecretiry of the East India 

Coi3ipany» haa been appointed the *x oBJdo director of the India Railway Companiea, In 

Eurauaocc of the Acta and the reipectire coatracta with these bodle«« itntl three epgineeri 
«Te been chosen by the Kaat India Peniniular Comnnny to go out to Bombay, for the 
purpoae of proceeding at once uilh these works, 'rtie geutleoien selected Are Mr. J. 
Betkeley^ fonrerly s pupil of Ur. B. Step heoion^ and tab»equently a ■ub-4rng3oeer ou the 
North StaJTordshfre line; Mr. C. Ken rcaideot engineer* uadier Ur. Locke, on the Aber- 
deen tine ) and Mr. Graham j a nephew of Hit Jame« UrabsiDj and s pupil of If r. 
Stephenson. 

Montitr Pontoon at New Hollands — Another great ttep hai been taken to 

bridge serosa the Huniber. A lloatlDg Island, hslf an acre In esttnt, has been tnunched 
Into the les. This Itlind is formed whoUy of iron plates, fn the form of a rectnnguiar 
pontoon i and Boats at the end of the pier of the Jdancheater, Sheffield, and LUiL-ulnihlre 
JBallway itatlon, oppoaite HnlL The pontoon Is connected with the pier by meana of tfvo 
tubular platfot not or bridges, which always afford an easy descent, and tbr puasengers 
alight from th« carriages and walk under coirer to the boats, which convey tbsm in ten 
minutes. ;it the rat-i of fifteen miles an hour, across the ferry. This pontoon la part of the 
great ayiiem of railway ferries designed by Mr. Fowler for the Hull station, the succeisful 
and complete carrying out of which it u principal condiibo of tile succraa of the railway, 
which it connect!! witJi its mest popijloiia fssteru terminua. Tlie great tnass was launched 
on the 4th ult., nltb perfi<ct aiiccess^and on goiug Into the water floated at the e^tact line 
marked out for ji. thus proving the accuracy of the previous calculatScins of the eugiueer. 
It wos coniirnct*d by AJfcaan, Wilson and Co.* of Leeds, as contractoi^, under the imme- 
diate superintendence of Mr. Ikin, and it is an excellent piece of workmanship, as irell aa 
ft most BUCcessAil engineering deaign. 

New Penimular Steam-Fieet, — We understand that, in anticipation of 
flccuring the contract for conveying the malls between India and Aiiatralia, and of per. 
Ibrmliig the whole of the Mediterrsuean and Bombay service, the Peninsular and Oriental 
Company hare determ ined on building t^ven new and poiiterful paddle wheel iteam res- 
sels. Todd and Macgregor, of Scotland, are to build tw» of the number, they bavittg 
succeeded so vveli with the Saltan, the ship lut built. The ressels are to be built of 
iron. 

Natfiffaiion oj" the Ganges.'^kn irnn sleam vessel is uow being built by 
Mr. J. Laird, of Birkenhead, intended for the nsrigatlon of the Ganges. She Is aVGI feet 
long, and .H() feci beam, and will only draw, when loaded, about two fert of water. 'Ilie 
form Is that of the canoe, ihovel-thapcd at both extremities* and lh« botloin, nmldihlpa, 
without keel, fo rmlng an Inverted geutle segment of an arch ; the centre porilun, how- 
ever, or fioor, being nearly fiat. Th« nuleler i« at^plied at either end, aa necessity requires. 
The vessel Is divided tongitudlnaUy, Into three parts, by tight tjuikheada-, and traveniDg 
these, there ar* other hulkheada, dividing the whole veuei Into 30 water-tight compart- 
ments, and adding greatly to her strc/igth. The veisel, which is for the East India 
Company, will, when finished, be taken to pieces, and sent in a sh'ip to India, to be tloally 
put together. 

Mineral Veins.^tAhi, Matagati, DurocUerj and Sarzeaud^ announce that 
they have detected Id the waters of the orean the presence of copper, lead, and allver. 
The water eaamlned appears to have been taken tome leagues oS* the coast of St« Malo, 
■md the faculdal plant.i of that district are aluo found io cuntnlti silver. The F. lerrotuu 
and the F. ce ram old es yielded s»hea Lontalniuj; l-lOOCUOtli; while the water of tlie sea 
contained but very little more Ihon MtOOitKi'Miai. '1 bty ftUte also tbat they (itid sliver 
In »es fall, In Lrdlnnry muriatic ai.ldj and In the soda of commerce j and that they have 
examined the rock salt of LormJne, In wlikh )«iio they diicover this metal. Beyt.ii4d this, 
pursuing tlisfr researches on tcrreitrial plautp, they bars obtained such Indications as 
leave no doubt of the e«iat«uceof siivcr In vegetiible tlsjues X^cad Is said to be always 
found In the ashei of mniinc planl» , (iikuslly about an l.^-l>>0O(H>0th part, and iuvaciably a 
trace of copper- Should ihese rciiilts be confirmed by further examliiaUt-io, we thall 
have advuuced coDildernbly towards a kuowleclge of the phenomena of the formation itf 
mineral veins. 

Improved Driiling Machine, — Mr.M. P, Coon, of Lansuyburgh, New Yoik» 
has tsken out a patent for a new aloiie drilling machine, by which the drill can be worked 
not only p<'r]^eud1cuiarly, but horlsantsllly, and at any iingle within the plane of a semi- 
circle. This arrnngen>ent Is effected by the smployment of spiral springs^ so arranged 
that they are negative— that li, they are o: sufficient puiver of cDntrjicilun and extension 
to countersct, or connterbsLince, more than the entire gr»vit:jliiig power of all the ma- 
chinery lequired to ratae the dtlll shaft. Upon the same principle, a coiuusslve power 
Is obtained and couflterscted ; and, consequently, the drill shaft mnv be worked with any 
amount of concnsslve power, and at any augle required, lliey are constructed of any 
required sixe. 1 he drill sbafia, weighing frora W lo KX>0 lb„ will drill any aiie hole, 
from ^ in. to 'j ft. diameter; and the coitinuaion^ or blow, for cutting the rock, la wholly 
reguUied by the weight of the drill snd the height from which it falls. A Mr. Jack, of 
Maine, hai also taken out a patent for working a drill by springs j but which Is tbs 
ortflnsJ IdeAf or whether tbe^r are identical or otherwise, we have no means of aacer. 
tatnlng. 

Burning Water instead of Lamp OU. — The New York Sun has a letter 
from ^^'orcester, Afassac husctls, tn wMih the writer claimi to huve invented and put In 
use an apparatus which sepamtcs the oxygen of which wuter li composed, and produces 
gases for lights^ Thia it does at no other expense than that ot the mnchlnery, as no 
material but that of water a used. The water is dccoHipoted by a curretii of electricity, 
evolved by the spparstus. The labour of five rolnulcs, ones In two huurs in the day, In 
wiudlHg up the machine, Ib all that Is required to produce 2,M) cubic feel of gas. Tile 
espense of the machine Is iRMJ dollars, and It can be carried by a man under bXi arm. 
Buch Is the deicriptloi] of It— time will determine whether It is even so. 



laXST OF KB^V PATSNTS, 

GSANTID IN BNGLAN0 riLOM DitCBMBER 21, 1849, TO JANUAJLT 24, 1630* 

Sir Montht atlowed/or Enrolment f unlett othermUt egprund, 

Loula Cesiiires CharpUlion, of Hue de Luxembourg, France, for Improvetaeata in tMki 
for guua, and pistols,— December 2!t. 

John IKv&d, of Park- terrace, KiogVrosd, Chelsea, for LtDprovemenls In machiuerr fo 
extracting fluids from animal, vegeUbFe, and mineral subitances« and In comprcMlnf t te 
same.— December 21*. 

WilUam Palmer, of SuttoQ.street, Clerkensrell, Middlesex, maoufaetarer, for Improve- 
ments iu the manufacture of candles, lamps, and wicks.— Deiember 'JS>. 

Witllam Barlow, ot BlackheMb, civil eogineer, and Witliacn Henry Barlow, of Dtrbf, 
civil engineer, for improvements in the permanent ways of railways.— ianuarf 3« 

Albert Crackell Waterlow, of London^wiili, lltliogrxipher, for obtaining ccrples of arfft- 
ings, draw lugs, and other deslgni, (A communlL-aLioin)— January Z, 

Alexander BrodJe Cochrane. Jan., and Archibald Slate, of Dudley, Worcester, coglaeer. ' 
for improvements in the manuracture i»r Iron pipes or lubes.^ January .3. 

Thomsa Lightfoot, of Broad Oak, within Accrlngton, Lancaster, chemist, for lmprore> 
ments in printing and dyeing fabrics of cotton and of other fibrous msteriali. — Jan'iary S, 

William Buckwell, of the Artificial Granite Works, Baitersea, civil engineer, for iai. 
provenicats In cotnpressiDg or solidifying fuel.— January ^. To extend to the Colooiet 
only. 

Joe Bldebottom^ of Fen die bury, Lancaster, manager, for certain Improvements la steam 
engines.— January •!. 

Henry Doming, of FIcanley, near Bolton, J..aiicaster, brick and tile mannfactorer, for 
certain improvemenu in uiachluety or apparatus for manufacturing brkka, tiles and olher 
similar articles from clay or other plastic materialls. — January 3, 

Dnvici Blair White, of Newc^ialle-upou-Tyne], doctor of medicine, for an Improre i 
mode of ballasting and stowing cargo iu ships and other vesaels.- Janoary fl. 

Matthew Uriwin 8eari, of Burit>n-crescent, Hi. Pancras, Middlesex, commlaslon ageat, 
far the improved construe lion of guns, and csLnona, and manotacCure of cariridMsfor 
the loading ur charging thereof.— Jaouary 11. 

Samuel ISTewlngton, of Knale, Frant, Sussex, doctor of medicine, for Improvemeoti t 
sowing, manurtn^; and caltlvatiftf laiidi and of ceruUt of the Implemeata used therdo. -» 
January II. 

Uenneti Alfred Burton, of the tirm ol Beooelt, Burten, and Burton, of JohnVplac«, 
Holland.strset, Southwaik, engineer, fur csrlaln Improvements In apparatus connected 
with sewers, drains, and ctupools, also iu auction and delivery pipes, and lo connecting 
such pipes or boss; tb« apparatus couuected with sewers, drainii aad cesspools being 
applicable to other like purposes. — January U. 

John Fsyrer, of Surrey-street, strand, commander In Her Uneasy*! Navy* forlm- 
provementa In steering apparatus. — January 11. 

Alfred Cooper, of Kooisey, Hants, grocer, for improvemcnis in steam and other 
eiiijir:**, and iu the application thereof to motive purposes ^ also iu the metbods 
mscblnery for, arresting or checking the progreij of locomotive eiigiiics and oU 
rjnges.— JauuMry 11. 

.fsmea ilscdonald, of Chester, coachmaker, for certsla Improvements In the methsd of 
appijilug oil or grease lo wheels and axles, and to machljieryj and In connectli 
springs of wheel carriages with the axles or axle- boxes. —January 11. 

John Glasgowi of Maochester, engineer, for certain Improvements In machinery i 
paratui for shearing, sirupiiif, punching, and coinpreislug metals. — Jaunaiy 12.. 

John MUwalD, of Manchester, Joiner, for certain ImprovemeQls apptlcablo to tbe 
cloalag of doors, windows, and shutters.— January I'i. 

Andrew Barclay, of Kilmarnock, North Britain, engineer, for Improvements in smelt* 
ing of Iron Biid other ores, and iu the manulacture or working of iron and other utetals, 
and m certain rotary engines and fnns, machinery, cr apjiaratns conuscted therewith.- 
January IJ. 

Richard Smith, of Clitheroe, Lancaster, manufacturer, for certain loiproveroents in 
looms for weaving,— January 17. 

Henry Cowing, of Stainfordatreet, Blackfrlors, gejallemao, for fmprovemenes In oh- 
lairiliig mutive power, and in steam and other ploughs. In land carriages, in nre. engines, 
in raising water for draining and other agricultural purpoaea, and In apparatus for evano- 
rating saccharine aud other II ([uufs.— January 17. 

Joaeph Nye, of Mill-pond Wharf, Psrk toad. Old Kent-road, engineer, for Inprove- 
menl* In hydraulic mnchloery: parts of whlcb machinery are applicable lo steam -eofines 
und micUiuery for driving piles.— January 17, 

^Villiam George Henry Taunton, of Liverpool, civil engineer, for certain improvements 
hi obtaining motive power, und tn a means to ascertain the strength of chains aad ships' 
cables.— January 17. 

Robert Barbor, of Chatham-place, Lock^s.Uelds, Surrey, metal roeltcr, for cerlalu tm> 
provementi In arlllicial fUel, and in machinery used for manufacturing the same.— -Jaaa- 
ary 17. 

Mncgregur Laird, of Birkenhead, gentleman, for Improvements in the conilrxirtlon of 
metallic ships orvesteli, and in nuterials fur coating the bottoms of iron ships or vessels, 
ar4.d In steering ships or vessels.- J January 11). 

William Beadcnjun., of Taunton, Somerset, gentleman, for improvements iaconvey> 
Ing away ur decomposing smoke und products of combuatioo fiom stoves or grates, and 
In ventilaUng rooms of residences. — January 10. 

George Simpson, of Buchanan. street. (Glasgow, civil and mining engineer, for a certtln 
improvement or Imi^rciveinenti lu the mac b I ner)', apparatus, or means of raising* Jowvr- 
Ing, supporting, moving, or transporting heavy bodies.— January I'J. 

Wiriam Wood, of Over Dsrwcn, Laucaihlre, carpet manufacturer, for Improvi 
the manufaL-ture of carpets, and other fabrics.— January '26. 

Christopher Nickels, of York-road, I^mbeth, Surrey, gentleman, for ImprovemeBt 
the iDauufacture of woollen and other fa brlci.— January 2:&, 

Walter Weatrup, of Wapping, lUiddieaex, miller and biscait baker, for Improvemtnii 
In cleaning aud grinding com or grain, and in dressing menj, or flour. ■^January 2\, 

Aug uste Relnbard, of Leicester. street, LeiCfslerHtquare, Uiddlnex, chemist, for Im- 
provements in prepariQg oils for lubricating purposes, and In apparatna for filtering oil 
and other liquids.— January 'iA. 

Joseph lAjng and James Long, of Little Tower-street, LondoTi, mitbemaltcal Instru- 
ment makers, and Richard Pattenden, of Nelsou-tquAre, ilurrey, engineer, for an Ijb- 
pruvement In tostrumenta and machtrsery for steering ships, which is alao applicable to 
sices, and other liistrumeuts and machinery for obtaining power,— Januar 2 
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LECTURES ON ARCHITECTURE, 
By 8amuei< Clboo, Jun., Esq. ; 

f a/ f^ CoUegtfor Generul Pmvtiaii ScktM^^ Puttteff^ Surrey, 

Lecture HI. 
China. — Ckxtbal America. — Cei*tic kemaihs, 

have hitherto been following- the traces of the A|rriciiltnri8t: 
.ipproachin^ China, we come upon the fmitsteps of the Pastoral 
trihes, the dwellers in tents, — anifin^st whom ari y great progre^ in 
the ftcienc* of Architecture may be looked for in vnin. 

As it will not he necessary a^ain to refer to t^liiua in the course 
of the«e Lecture*, ] must be allowed, instead of confining myself 
to an historical period, to spe:ik of the architei-ture of this sihiru- 
Ur country m it exists at the present day; thu« substituting di&- 
Unce uf place for distance of tune. 

in China, the adherence to the original type of the tent is 
frerj^where apiiarent: their p^igodag and towers resemhle a ntim- 
her of tenta placed one over another, insteitd of aide by side; the 
hiHiH^ea of the mandarins chiefly differ from those of the lower 
orders hy covering a greater extent of ground; and the palace 
<;f Pekin is merely like a C4imp within an outer encampment, 
formed hy the tent*like houses of the city. Owing- to the frail- 
ni*«s of material and peculiarly slight style of building, it is not 
likely that the Chinese edifices could long resist the devastating 
in.irch of time; indeed, it is supposed that with the exception of 
the Great Wall, and perhaps a tew pagodai?, no huildiug exists in 
that country more than 300 years old. Any deiicription of the 
ancient architecture of China would, constHjuently, he raereiy 
lonjectural. But from the religious and piditical' thraldom to 

\ vhich the Chinese are subject ed, from their natural repupfnance 
h^ change, and from the sinijilicity of their present style of huihl- 

liag, there is no renion to suppose that It differs in any material 
respect fruni that of 3000 years ago. 
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EleiraUoD of Ctiliute tfuute. 

Timber, crude and burnt brick are the materials most in use; 
the bamboo, which in China grows to a remarkable height and 
Bize, i* also employed. Stone and marble are rare, and are only 
partially used even in the public buildings and tombs. The cha- 
racteristics of Chinese architecture are extreme lightne^ and 
giiety of effect, the tent-like form, the coloured and varnished 
r ofs, and variously-tinted walls — giving, as Sir William Chambers 
observes, ^''a pretty and toy-like appearance" to their buildings. 
The height and Mze of each dwelling-house must be in exact 
accordance with the ca^te of the proprietor; and even the details 
are regulated hy law, A mandarin, who had ventured to erect a 
mansion of superior elegance, was Huntmoned before the emperor 
to amswer for his presumption; and thought St wise to raze the 
o! noxious structure to the ground^ In order to avert line or other 
puniahment. 

The roofs of the Chinese buildings are convex in their sides^ 
Mplne, and ribs^ presenting tbe appearance of a pliant material; 
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they are gnpported by wooden columns without capitals, having, 
instead, ornamental consoles pn^jecting from the sideis, which gi%e 
additional support to the verandah* The roofs turn up at the^ 
eaves, and are ^nished with a spike, like the hook or fastening of 
a tent; and this part is frequently decorated with the figure of a 
dragon, which is the national emblem. The wooden columns being 
the main support of the roof, the side walls are very slight. The 
window frames are filled-in with open rectangular patterns, inter- 
secting each other; the rail work of the balconies and verandahs is 
formed in a similar manner. The interior walls are gaily orna- 
mented with variegated matting, and painted paper or silk. Some- 
times, in the upper stories, the partition walU are partly formed of 
cane trellis- work covered with painted gauze, admitting light and 
air. The aperture leading from one room to another, or from the 
corridor to the garden, is frequently a lunette; a circular opening*-, 
instead of a rectangular doorway, giving a picture-like effect to 
the vista beyond. As the«e round doors are considered lucky, the 
evil spirit not being supposed to be willing to enter by them, there 
is always one at least of this form in every Chinese building. The 
gmrdens are cultivated with great taste and skill. 

The housea of the lowest class are miserable and p<jverty- 
fitricken, being nothing more than nnid or crude brick huts, and 
covered with straiv or rushes. The farm-houses are not much 
better, having generally a mud floor, and the apartments frequently 
being only separated by mats hung from the ceiling. The custom 
of plastering the inferior kind of hutises with mod gives then* a 
dingy appearance. Lime is a scarce commodity in the country, 
the only kind being prepared from lihelk and stones cast up by 
the sea. 

The cities of China are by no means imposing in effect, ag the 
surrounding walls are higher than the buildings they inclose — the 
Taas or towers being the only lofty structures. These towers are 
formed of several tent-like stories, diminishing in size as they 
a»cend; and they are gaudily decorated, and hung with little 
tinkling bells at each angle of the many roofs. 

The celebrated porcelain tower at Nan-king is of nine stories, 
forming a height of 916 feet; the roofs are covered with pale 
green glazed tiles, whence it derives its name. The pagodas are 
surrounded by courts and vestibules, the cells of whicli serve as a 
residence for the priests or bi:jnze9. The Chinese have a great 
taste for gay and fanciful decoration : the glazed tiies of the roof 
are frequently arranged in the form of fishes* miaies, and the pave- 
ments occasionally formed of shells laid in a pattern tike mosaic- 
work. The timbers of the roof, which are always left exposed, 
are, in the habitations of the higher castes, formed of costly woods, 
or inlaid with ivorj' and mother-of-pearl. 

As engineers, the Chinese were skilful in verv early times; their 
bridges and canals bear as ancient a dale as those of any of the 
great eastern nations, and that they were not ignorant of the art 
of building in its most solid and imperishable form, the Oreat Wall 
remains to testify. This stupendous undertaking separates China 
from Northern fartary, and was completed about 21 i n.c; its 
length is computed at alKiut 1500 miles; and a curious calculation 
has been made, that the materials of this wall, including the earth- 
work, would be sufficient to surround the world witli two walls 
each six feet high ajid two feet thick. It is said that every third 
man in the kingdom was summoned to assist in its construction. 
It pursues a direct course over hill and valley, passing the rivers 
on arches; the only interruption is a ridge oi' lofty mountains iu 
the province of Pe-tche-lee, and the broad river Iltang-ho. The 
foundation is formed of large stones laid in mortar; upon this is 
raised a mound of earth, cased in some places with brick, in others 
with stone. On the elevated ground it is only from 13 to 20 feet 
high, hut along the valleys it is raised to the height of 30 feet. 
It is paved on the top with ffat stones and is wide enough for six 
horsemen to ride abreust* In the valleys, and those places most 
open to attack, projecting towers are constructed within bow-shot 
of each other. Notwithtjlanding the enormous extent of this wall, 
it is said to have been finished in five years* — The Imperial or 
Grand Canal is a work of nearly equal magnitude, traversing a 
length of 900 miles. 

There is so very little really interesting or instructive in Chi- 
nese architecture, that I shall pass on without further notice 
of it. 

The countries of which mention has hitherto been made are 
contiguous, or nearly so, S4i that mutual intercourse and inter- 
change of ideas has aided the progress of civilisatiim : 1 lune now 
t(j speak of a far-off country, and to describe ruins that lie nmidst 
the forest and jungle till lately unknown and unthought of, imleis 
in the dreams of the poet. 
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*' If in wu la rodent flBf* of ffow t r mould, 
And Hcrcuin mlglU t»ku»b lo k&ra tiavr fur 
BefODi iU« limits he had ralit}^ ««t. 
The dullMt tvnboat toon •h*ll wing her imf i 
M«n •H«il dcicry tootber bcwiaphciv. 

At OUT BDtijradn are dUas* itatMY 

And UiroDged empircft, wi*tr devloed of yot*.** 

— -'Bfofganlt Wiigglorc.' 

Tlins sang Pulci, while Columbua was either yet unborn or in his 
childJiiKid, fiaOing toy boats on the bay of his native Genoa. 
Rumours had from time to time been afloat, of ruined citieu in 
the midst of the tradclesa woods of "Western and Central Ame- 
rica; hunters and travellers had found masses of masonry and 
BCulptured stones half hidden beneath the roots of the many- 
wintered giants of the forest: bat these reports were long treated 
as travellers* tides, or as the result of a vivid imagination mis- 
taking gome curiouslr^^haped Btone for the work of man's hand, 
where it was supposed man had never been. At last, exactly one 
hundred years ago, a imrty of Spaniards travelling in Central 
America, found unmistalkeable ruiiut; and on examinatton^ hewing 
their way through the dense fore«t» discovered the remains of a 
city, extending over 18 or 20 miles. 

An exploring party was then sent out by the Kin^ of Spain in 
1786, but either through jealousy or indifference, their report re- 
mained unpublished until the papers fell into the hands of an 
English gentleman at Guatimala, during the revolution of 1822. 
SliD, d<Hibt3 were thrown upon the authenticity of this narrative, 
and little interest was excited, until a paper appeared in the 
Literary Gazette in 1831, calling the attention of the public to the 
discoveries of Colonel Galindo; by this time, also, the celebrated 
Von Humboldt had travelled in Central America, and when his 
researches were published, scepticism was compelled to give way, 
Since then, many travellers have explored tlie country, and new 
discoveries have been made by Messrs. Stephens, C^therwood, 
Waldeck, and others; and already forty-four ruined cities have 
been brought to light in Yucatan alone. 

Naturally^ where no certainty exists, each discoverer erects his 
own theory as to the date of this lost empire, and the race by 
which it was inhabited- At present, the most generallv received 
opinion is, that Ihese ruins are not so ancient as tbc)?ie of the East- 
ern world, and that they were living cities at the time of the 
Spanish conquest. The historian, Herrera, who accompanied 
Cortex in his expedition against Mexico, describes the iiHtives as 
baving a peculiar form of bead, such ag is represented on the 
sculptures, probably flattened back during infancy; and Bpeak;* of 
lofty terraces, aKccnded bv fligbtH of steps; cjf temples, magnifi- 
eent palaces and carved iclols, all of stone. It is to be presumed, 
however, that as in our own quarter of the globe, cities fall into 
decay, while others rise in their neighbourhood, so m America 
some of the remains may be of a date anterior to others: the 
architecture of Palenque, for instance, appears tu belong to an 
earlier period than that of Uxmal; and at the time of the con- 

Sliest, though the Spaniards paused to erect a cross within two or 
iree miles of Palenque, no mention is made of a populous city in 
the vicinity; most likely, therefore, it was already in ruins and 
hidden in the forest at the time they passed by. 



^ 



^^y 



^i^^ry^^. 



-Wli 



''^"H***^ 



WlciB«d Olobt. 
The American Archaeological Society have com© to the eonclu- 
sion that the first inhabitants were colonists from Tartitry and 
Molucca; and it is thought they did not cross the ocean, but had 
wandered to the far nortli, and so overland to the new continent — 
successive races passing onwards, until they settled In the plains 
of Mexico and Yucatan. If this he the correct theory, it is ftin- 
gular how they could have supported themselves during their 



northern transit, and that they Bhould have lefl no distinct tracet 
of their footsteps by the way. Evidences of an Eastern origin 
are, however, not wanting; the winged globe is found over the 
doorways of Palenque, and the resemblance to the sacred aytnbol 
of Eg\*pt is too exact to have been mere accident. Pyramids^ too, 
and even mummies, have been found in Peru; and in the valley of 
the Ohio, tumuli have been found, containing conical domes of 
masonry, exactly the same as the '"tholi" of the Pelaagians. 

The Vapid and rank growth of vegetation in that hot, damp 
climate may account for the state of utter ruin in which the mo«t 
modern of these cities is found; but it k difficult to conceive 
(even allowing for the supineness of the Spanish Indians) how^ in 
the course of a iew generations, all record, all tradition of tbi 
past could so completely have disappeared: the hieroglypKifW 
carved on the monuments are as utterly unintelligible to those 
whose great grandfathers must have spoken the same lau^age, at 
are the Etruscan in(K:riptions after the lapse of nearly two thou- 
sand years. The only name the Indians have for the ruins, when 
even aware of their existence, is ^^CaMos de Piedmn^** and the m- 
variablc answer to any question concerning them, ^^Qui^ii Sabef 
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FortloTi i]f Fa^iide frcitn Can d«] Gotwrnadoi'. 

In general appearance, the cities of Central America must have 
greatly resembled those of Assyria: like the Assyrians, this mys- 
terious people built their temples and palaces upon high artificial 
platforms; those of America were of pyramidal form, ascended by 
wide fliffhts of steps. At Oxmal, the platform upon which the 
principal building, called the Casa del Gobernador, is elevated ix 
divided into three terraces, of the respective heights of 3,20, and 
19 feet; the lowest terrace is 60Ufeet in length, and the fa9ade of 
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e building on the highest terrace 320 feet in length. The atep» 

1 ' not zilwAys ascend in a direct line from the ^uuad to the prin- 

I ;u-il entmace of the building, but Bometiineai the first terrace i» 

t'fuleJ by 6tep8 to the northern side, — whi!e to arrive at the 

the lower terrace had to be traversed half-way round, the 

_:ht of stairs being found to the south: whether this plaa 

«^ «di^)>ted for greater aecurit)', or from an idea of giving greater 

importance to the temple or palace bv difficulty of acceas, it is 

. »ay* Occasionally, figures of great size, sculptured in 

r/f, have been found at each side of the steps. The princi- 

• t of steps at Zayi ts 3'-^ feet in width. 

lifferent cities would seem to have formed one great king- 
. r., M*<m the fiimilarity in architecture and the dose reftemhbuce 
it the sculptures and hieroglyphic iuscriptiorts. The buOdings 
:>.re of dtoDe, sometimes of one story, some times of two or three; 
^ lien ibia latter is the case, each story recedes from the one below 
- io aa ta crive a pyramidal form to the structure. The facade is 
: rfectly plain up to the moulding that runs along the top of the 
i. Kirwav; above this it is elaborately ornamented with carved work 
relieved on a painted ground* The style of decoration being bar- 
barous and fantastic Uie drawing of a portion of the facade of the 
Cwa del Gobernador majr serve to give an idea of the atyle; the 
grinntug (^rorgon a head in the centre calls to mind aome of thoae 
OQ the antique Etruscan brtrnzes. Sometimes no ireneral design 
hia been adopte<l, but the facade covered with a kind of sculp- 
lured mt»saic* In one instance, at Uxmal, the front of the build- 
ing is divided into compartments by a bas-relief representing huge 
serpents intertwined like a rope; the compartments are occupied 
by figures of idola and other devicea. Traces of paint are always 
finuid, the colours used being the same as m Egypt and Assyria. 
The io^ftde is pierced by a number of doorways^-fiometlmefl as 
insajr as fourteen along the front of the building. These door- 
ways arc generallly mere rectangular openings, without moulding 
or other ornament; but, occat?ionally, rows of small column« or 
' 1^? 6 ft. 6 in. in height, form the pierg sepa- 
columns are usually plain, with a square 
aT>ai-iiH; uni hi Kt'wu k, as shown in the acconiuaiiying engraving, 
the attached pillars are ornamented with a binding round the shaft 
—reminding us of the description of Asiivriaii palm-tree columns, 
bottli4 round vrith coloured bulmshes. 
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I>oorwBy «l Keviclt. 

The doorways lead into a corridor with a high vaulted roiif, 
formed — in the same manner as among most ancient nationfj before 
the true principle of the arch was known— by horizontal ccjurses of 
Btonea, projecting one over another till they nearly met, and then 
capped by a flat stone at the summit, the inverted steps being 
afterwards cut away: this methoil need not necessarily have been 
borrowed from the East, but would present itself naturally to all 
«arly builders in stone. — This corridor leads to an open court, sur- 
rounded by various apartments; in some of these courts an unhewn 
upright stone is found, which Is supposed to have been a ^*kebla," 
or fttone of observation, and to mark the site of a sacred edifice. 

At Chichen there is an apartment with a flat roof, divided by 
ifaosvertte beams and supported by massive square pillars, like the 
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interior of an Etruscan tomb; but^ generally speaking, the build- 
ings of ancient America differ more in the extent and number of 
the courts and corridors, than in style and arrangement* The 
msiBonry is beautifully wrought, the stones frequently polished and 
accurately fitted, tliough in aome instances a mortar of lime and 
sand baa been used* Near Copan, a quarry has been discovered in 
the midst of the forest, where many hewn stones are lying as if 
just ready to be removed. 

The people of the >Ve«tern world do not seem to have paid the 
same attention to the abodes of the dead as the inhabitants of the 
Eaj^t: no sculptured tombs are found, nor are there any excava- 
tions^ notwithstanding the proximity of rocks. A sepulchral pit 
was discovered at Copan, containing pots of red earthenware, many 
of which, according to Colonel Galindo, were full of human bones. 
Dishes and vessels of pottery have been found amongst the varioua 
ruina^ and ali^ images of terracotta. The images and idols are 
disproportionate, and hideous in the extreme, and appear calcu- 
lated to excite feelings of repug:nance and horror in the minds of 
the worshippers, rather than any sentiment of reverence or ad- 
miration. 

There is a belief enrrent in Yucatan, that amon^t the moun- 
tains, in a region inaccessible to the white man, a city still exists, 
inhabited by the aboriginal race; and now and then a dariuf ad- 
venturer is said to have ascended a rocky peak, whence the glenm- 
ing walls and palaces of the mysterious town are visible — but none 
who have ventured beyond have returned to tell the tale. As the 
Indians say, "Quim Sabe!" The subject Is as yet in its infancy; 
ft wide field it open for discovery! and notwithstanding the dread- 
ful climate, and fatigues and hardships to be endured in that wild 
country, doubtless there are daring spirits willing to follow in the 
footsteps of those who have led the way; and in a few years much 
may be brought to light, and perhaps all present theories and con- 
jectures superseded by others founded on a surer ground of evi- 
dence. 

I now proceed to the examination of a class of monuments more 
immedtately interesting to us, as many of the most perfect are 
found in our own country. I mean those known as Druidical or 
Celtic remains. Among all the memori^ils of the past which 
time has spared tons, none are more wonderful than these: they 
exist everywhere — not only where the Celtia tribes are known 
to have permanently settled, but in Italy, Greece^ Asia Minor, 
China, Persia, India, Egypt, and even in America. These monu- 
ments also tend to confirin the supposition, that at some period a 
similarity of worsliip baa prevailed over the known world. They 
may be divided into five classes — viz. 1st, The Cairn, or camedd; 
2nd, The Maen-hir, or npright stone; 3rd, The Cromlech and 
Dolmen; 4th, The Kist-vaen, or fitone chest; and, 5th, The Circle 
of stones. 

The Cairn is simply a heap of stones, sometimes })i]ed up in 
memory of any particular event, as in the covenant between Jacob 
and Laban,^ — sometimes a^ a i^epuk-liral monument. M^ien the 
cairn is unaccompanied by an unright stone, it is a sign that an 
infamous person lies beneath, f o caat a stone upon a grave is 
an ancient mark of abhorrence — the sepulchre of Absalom is nearly 
choked up by the number of stones that have been thrown there in 
deteiitation of his memory. The tumulus, or barrow, on the con- 
trary, was the mos4t honourable place of burial; the kings and 
great men lay within these mounds, w ith their armour and weapons 
beside them. Frequently numerous ekeletons are found in one 
barrow, which would seem to have been the cemetery for the sur- 
rounding population. In some places, several tumuli or barrows 
are grouped together* The word "ttimulud" is from the Celtic 
root ttimba — whence tonibeati and tomb; *'' barrow" is from the 
Saxon beorg or hyrig^ and is applied indiscriminately to any mound 
of earth, whether intended as a fortification or a' place of sepul- 
ture. The termination ''4«ury"' is taken from this word; and near 
any of our numerous towns ending in bury^ some ancient earth- 
work invariably is, or has been found. The custom of burying 
within these mounds or heaps continued for many centuries after 
the Christian era, for we find a law of Chnrlemaj^ne, in the ninth 
century, enacting that the bodies of all ChriKtians shall be taken 
to the cemeteries, and not buried in the tumuli of the heathens. 
Heaps of stones are als4} piled as landmarks; they are plaeeil on 
the hills in Scotland to guide the sliepherds, and still receive the 
name of cairns. 

The Maen-hiry the stones of memorial or observation, were 
generally placed upright as pillars. This setting-up of stones was 
the most ancient manner of commemorating any important fact; 
Jacob, after his memorable dream, set up the stone on which his 
head had rested, as a pillar (Geneais xxviii. 18); it is also recorded 
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tliat after the discomfiture of the Philistines, the pro^liet Samuel 
"took a stone, and set it betweeii Alizpeh anil Sheo, and called the 
name of it Eben^ezer** (S.inmel, vii. IBj: indeed, fremient mention 
19 made of such stuneij of memorial throughout the Old Ti'stiiiiierit. 
In many places, a superstitious regard i^ Ktill puid to thrui. In 
lona there are soverul of these unhewn pillftrs, called ** Mack 
iftonera," on account of the awful punishment supposed to follow 
the violation of an oath eworn upon them. These maeti-hir were 
also used to mark the resting-plaee of the dead, though the 
liehrew!?, like other easftern people, preferred a ewve or excavatiun 
i«a a place of sepulture; wlien no rock was at hand, they made use 
of these frtones of niemoriiil: thus we read, that when ''*' Rachel 
died, and wai^ buried in the wav to Ephrath/' ''^Jtieob set a pillar 
upon her grave: that is the pillar ol Ilachel'd grave unto this 
dav" (Genesis, xxiv. 19,^0), 

It was a cu!^tom amongst the ancient Greeks to set an upright 
stone on the summit of a tumulus: it is, uo douht, in these stones 
of memorial that the head-stones in our modern femeterie* have 
orignnnted. Upright stones were also used as a **kehla," or j*oiiit 
of ubrtervation, to which the attention of the worshippers should be 
directed. Broad flat stones were used as stones of inau^iration: 
the stone under the coronatifm chair at Westminster Al»hey is of 
tfiis description. It is supposed to be the same that stood upon 
the 11 ill of Tara, on which the kings of Ireland were inaugu- 
rated in ancient times. There was an old pruphery to the effect, 
that the same race should reign wherever this stone ><hould be; 
consequently, when an Irish colony settled in Nortli Britain, this 
Mone waii sent with them to confirm their dominion: it remairjed 
at ticone, where it formed the comnatiou chair of the Scntti*ih 
kings, until tlie time of Edward I., who had it removed to West- 
minster Abbey, in dt^fiance of the prophecy, Toland observes i}( 
this stone, that it is *Hhe aucientest respected monument in the 
Morld, for although some otLt*rs may be more ancient as to dura* 
tion, yet thus superstitioasly regarded they are not." 

The Cnmift*rh (from crtrm^ "Miowed or inclined," and tiet-h^ '*a 
brortd flat stone") consists of a flat stone resting? upon two or three 
uprights, with the upper i=itone generally inclining from the hori- 
jfontal. The largest cromlech in England is that in the parish of 
Constantine, Cornwall; it is 3(i feet in length, 19 ft, S »n, in width, 
and 16 ft, % in. in thickness, its weight being about 750 tons. One 
of great size is aluo found at Pias Newydd, in the island of Angle- 
sea. These cromlecfjs are generally supposed to have l>eeu altars, 
and are met with in every known country. It was a castom of tlie 
patriarchs to ofl'er up their sai-rifices at an open altar; we learn 
from the Talmud also, that before the erection of the tabernat'le, 
ivligiouB rites were performed at open altars and on high places. 
The first mention in the sacreii writings of a place set apart for 
worship wiis at Beer?*heba, where Isaac built an altar in the grove 
which his father Abraham had planted, and where he ^'called upon 
the name of the Lord" (Genesis, xxvi. 23,) It had been the cus-- 
tom from time imiuemorial to dedicate a grove as a place nf 
wornhip; the rude hut or tent were too closely ass<iciated with 
the avocations of daily life, to become injpreseive as temples: the 
sultry climate of the east gave the inhabitants a great love and 
veneration for trees, which they naturally considered as amongst 
the most beautiful of GikI's creations, and they glitdly retired to 
the umbrttgeous recesses of the grove to meditate and pray. On 
account of the idolatrous rites practised, the Jews were afterwards 
forbidden by their law to plant groves for worship; but in other 
countries, after the erection of temples, they were surrounded by 
a siicred inclosure, generally planted with trees, after the type of 
the altar in the grove, 

Wa iind the mention of unhewn stone altars in Exodus xx, 25; 
"Anil if tJuHi wilt make me an altar of stone, thou shalt not build 
it of hewn stone: for if thou lift up thy tool upon it, thou hast 
polluted it," And again, in Deuteronomy xxvii, 5, (i: ^^^'And there 
shalt thou build an altar unto the Lord thy God, sm altar of sttmes: 
thou shnlt not lift up any iron tool upon them, ..Thou shalt build 
the altar of the L«»rd thy God of whole stones," Ann>ng tlie 
Romans, these unhewn altars or cromlechs went by the name of 
Fan urn Mercurii, Btraho alludes to them in describing Egyj>t; he 
says that he saw on every hand altars of unhewn stones, ct)mposed 
of two uprights with a horizontal block across, and calls them 
temples tledicated to Mercury. Arnan informs us that similar 
altars existed in Asia ,Minor; and they are frequent in Italy: 

'* Fur uff, (.lOTit'riiied by pf?1lii>ledl r«r<li, IMl fttuod, 

Eclou. T^lrd. 

It is to be feared that under tlie Druids, these crmnlechs were 
too often stained with hunmn blood: in many of them ba&ins are 



scooped out of the upper surface; and though these, as on the fire- 
altars n( PersiaH, mtglgt be for a different purpose, the duct or chaii* 
nel leading from the basin to the edge of the stone, would »eem to 
have been intended to carry off the blotwi of the victim. Accord- 
ing to xMallet, ^Northern Antiquities,' in Sweden and Norway, they 
are still called "^bkd** — that is, blood-stones. Tacitus, in iiis ac- 
count of the Isle of Mona (Anglesea), gays that the Romans there 
cut down forests, io which the natives liad been accustomed to 
practise the most cruel superstitions, making the altars «moke 
with the blood of their captives, and consulting the Divinity by 
inspection of the entrails of the victims; and ilolinshed. speaking 
of [daces **comprissed about with great stones round like a Ting/* 
adds, **But towards the south wna one migbtie ^^tone, farre greater 
than all the rest, pitched up in manner of an altar, whereon their 
priests might offer sacrifices in honour of their gods,** 

The Duhmm (from the Celtic tatd cjr dao/, "a table," and maen^ "» 
stone,*') are nearly the sjime as cromlechs on a larger scale, except- 
ing that the horl7,ontal stone at the top is not inclined^ but level, 
like (as its name denotes) a stone table: these are suppo*^d to have 
served both as altars of sacrifice and dwelling places foi the priests. 
The Fairy grottoes, or Fairy rocks as they are sometimes called, 
are dolmens of great siise; some of these have the appenrnnce of a 
corridtir, ejidtug in an irregularly- formed chamber; others approach 
the circular form, and a few are divided into two or three apart- 
ment a. One of the most perfect of these comitructions stands % 
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short distance from Snumur on the Ltdre, and is called the Fniry 
Rock of Bagneux; the stones supporting the table are 7 feet in 
height; the outside width of the dolmen is 14 ft. tin, and the sides 
earh composed of four stones, 57 ft. 6 in. in length. A single Uf - 
right stmie in the centre gives additional support to the roof of , 
table* In this dolmen we see the original type of building!^ in 
stone: the tides slope inwards to the roof, and the huge block of 
which this is formed gives tlie masisive entablature; the builders 
would perceive that it was desiralde to shelter the walls from the 
drijipiog of rain, and would place the horizontal block with iXa 
bro!»dest side uiipermost, so as to form an overhanging ledge; when 
they began to hew their stones, they would chisel this out iimooth, 
leaving a ridge behiw to conceal the jiuuing of the horizontal and 
vertical stimea, — ^thus producintr the most ancient form of moulds 
ing, the bead and f^avetto; the fii^st rude idea yf an Egyptian 
temple would then be coinplete, M, de Fremenville mentions 
the remains of a dolmen on the sJinres of the bay of Morbihan, on 
some of the stones of wbidi bleroglypliics were carved; but thesn 
have unfortunately been destroyed. 

The KUt-vfum^ or stone chest, is a sort of rectangular cell, 
formed by a flat stiuie resting upon three uprights composing the 
three sides, the ftmrth side being left open. They are supposed to 
have been sepnb:bres, and als** places of iuiliatum. Due «if the 
best specimens i^ in Kent, and is now chilled Kit*a Coty Houfte: 
Ciuriden supposes this monument to have been erected over the 
tnmb of Catigorn, an ancient British hero. In Wales there is 
a circle comptised of several kist-vacns, with a cromlech in the 
centre; under the kisl-vuens human bones have been found. 

TJie Cinien of xtoueit were sacred inclosures and places of public 
meeting, either for civil or religioua purposes. These are aW 
found iu various couutiies: a circle of stones, with an upright 
stune in the centre, «till ejList:^ near Darab, in Persia; and it is 
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Uyit three circles have been found in America. Csflar in* 
s that the Druids in Gaul sat in » connetTated place at 
Iccrtaoj) iinies of the year, when people flocked together from all 
«rtfi of the country. Here judginent was passed upon crimmalM^ 
I of inheritance and boundiiries of land established, and dis- 
Iputets public and private, settled by a decree to which all »ubmitted. 
I In Iceland theiie circles are called ^^d4Wir ringr" that is, *' doom 
I rings," or circles of judgment. In an ancierit Welsh poem we find 
the foUowinfif aUusion to the^e c^msecrated inclosurea: "Bards 
1 were conMituted the judges of excellence, and bard« will praiee 
I thee, even Druids of the circle;" and in another passage the p0€t 
I mj% ** It is mjr right to be master of song, being in a direct line 
I 01 the true trite, a bard of the inclosure.' 

Of these sacred circles, Stonehenge is the largest and most per- 
fect, imd has from time imDiemorial been considered one of the 
wonders of the world. The name is derived from the Sajcon Mtan^ 
**ftone,' ajid hengf^ *' hanging," or as some translate it, the *"* stone 
gibbet," in allusion, I siippose, to the huge trilithona forming so 
eu!Mipicuou4 ft part of the ruins*. Thife temple (for so it may be 
called) consi^ed originally of two circles and two ovals, which 
latter formed the sanctuiiryj the outer circle waa about 300 feet in 
dfcumferenee^ and was composed of lofty upright atones, with 
otbers placed across to form a kind of architrave, This^ circle 
rniifii^ted formerly of 30 stones, of which 17 remain standing. 
Mlthin thitj is another circle, composed of small unhewn stones. 
Tiie largest oval wiis formed by five pair of trilith«»ns; the highest 
OM now standing Is 2S ft. 6 in., but one that has fallen and broken 
ncMur^ 26ft. Sin. The horiicontal stones are attached to the 
uprights hy joggles. According to Dr, Stukeley, the inner oval 
was composed or 19 stones. The altar stone is 16 feet in length, 
but is Jilmofit covered by the full of one of the great trilithons. 
Tie whole structure was surrounded by a '■'' vallum," 369 yards in 
circumference; and here we find an instance of the distinction 
made in ancient earthwork between the military and civil or reli- 
gkms ttmctures— in the former tlte ditch is outside the rampart, 
ifld in the latter invariably within. There is many a tradition 
connected with Stonehenge, but no pf»8itive history, Hecata^uii of 
Abdera, an officer in the army of Alexander the Great, in his 
history of the Hyiierhorean niitions, speaks of a ** temple of the 
fun," in evident allusion to Stonehi^iige. It is also mentioned by 
the Welsh Bards r in one of their songs, the ''stone cell of the 
sacred fire" is celebrated, and is considered a« the great eanctuary 
of the dominium. It is curious to meet with these constant allu- 
sions to »uu and fire worship — anotlier proof of the prevalence of 
some primitive and universal faith. In Ireland, there is a rock 
with a basin scooped out of ita upper surface, thsU goes by the 
mime of Carii/'Croit/i, the "rock of the sun." Sacred slonefi, such 
WtJiOM of Stonehenge, were distinguished by the ancients by the 
iHUlie of '* amber," siguifying any tiling solar or divine: hence, 
Sttmehenge waa sometimes called *^'Maeu-auiber," and gave tliO 
name of Arnbre^bury, now Aiuesbury, to the nearest town* Giral- 
dus Ciimhreusis, wfio lived in the middle of the twelfth century, 
calls tlieue stones **the Giants' Dance," and says they were brought 
by giants from Africa, and set up in Kildare; they were afterwards 
^moved from Ireland to Salisbury Plain hy the power of the en- 
banter Merlin. Jeffrey of Monmouth, who wrote in the same 
entury, also relates the tradition, as follows:— *^Aurelius, wishing 
J commemorate those who had fallen in battle [speaking of a 
ftttle between the British and Saxons], and who wtre buried in 
he convent of Anibresbury, thought lit to send lor Merlin the 
[>phet, a man of the brightest genius, either in predicting future 
vents or in mechanical runtrivances, to consult him on the proper 
Donument to be erecttd to the meniory of the slain. On beiug 
nterrogated, the prophet replied, *lf you are deairoya to honour 
e burying-phice of the^e men wit)i an everlasting monument, 
_jid for the GlantV Dance, which is in Killarteus [Kildare]» a 
Dountain in Ireland ; for there is a structure of stones there, 
rhich none of this age could raise m ithoot a profound knowledge 
■ the mechanical arts. They are stones «»f a vast magnitude and 
onderful quality; and if they can he placed here, as they are 
ere, quite round this spot of grtmnd, they will stand for ever/ 
_v the^ words, Aurelius burst into kughter, and said, *now m it 
Ni^ftible to remove such vast stones from so distant a country? as 
Brituin was not furni&hed with stones fit for the work!' Merlin 
baviug replied that they were mystical stones, and of a medicinal 
rirtue, the Britons resolved to send for the stones, and to make 
»ar upon the people of Ireland if they should offer to detain them, 
jther Pendragon, attended by fifteen thousand men, was made 
^oice of as the leader, and the direction of the whole affair was 
» managed hy Merlia. On their lauding in Ireland, the re- 



moval of the stones was violently opposed by one Gillomanius, a 
youth of wonderful valour, who, at the head of a vast army, cried, 
^To arms, soldiers 1 and defend your country: while 1 have life, 
they shall not take from us the least stone of the Giants' Dance 1' 
A battle ensued, and victory having decided in favour of the 
Britons, they proceeded to the mountain of Killaroeus, and arrived 
at the structure of stones, the sight of which filled them with both 
joy and and admiration. And while they were all standing round 
them. Merlin came up to them, and said, 'Now try your forces, 
young men, »nd see whether strength or art can do more towards 
the taking down these stones.' At this word, they all set to their 
engines with one accord, and attempted the removing of the 
Giants' Dance. Some prepared cables, others small ropes, others 
ladders for the work^^hut all to no purpose. Merlin laughed at 
their vain efforts, and then began his own contrivances. At last, 
when he hud placed in order the engines that were necessary, he 
took down the atones with an incredible facilitv, and withal gave 
dtrections for carrying them to the ships, and placing them therein. 
This done, they with joy set sail again to return to Britain, where 
they arrived with a fair gale, and repaired to the burial-place with 
the stones. Wlien Aurelius had notice of it, he sent out messen- 
gers to all the parts of Britain, to summon the clergy and th« 
people together to the mount of Ambrius [AmbresburyJ, tn order 
to celebrate with joy and honour the erecting of the monument. 
A great solemnity was held for three successive days; after which, 
Aurelius ordered Merlin to set up the stones brought over from 
Ireland, about the sepulchre, whiuli he accordingly did, and placed 
them in the same mariner as they had been in the mountain of 
Killaroeus; and therehv gave a manifest proof of the prevalence 
of art above strength.' 

Aurelius Ambrosius succeeded Vortigern in the year 465 A«n. 
Aylett Sammes, who wrote in 1676, refers Stonehenge to a Phceni- 
cian origin, thus explaining the legend of the African Giants; and 
it is singular that the stones of which Stonehenge is principally 
composed are called "'sarsen-stones,** Mirjuen being the Fhoeniciau 
word for "rock:" it is a common saying amongst the Wiltshire 
peasantry, ^^Vs hard as a sarsen." Numerous stones of the same 
formation are sciitter€»d over this part of the county, and on Marl- 
borough downs are strewed about so thi^'kly, as to gain for the 
place the appellation of •''Grey wethers," the stones in the dusk of 
the evening appearing like an immense flock of sheep* According 
to Dr. Stukeley, a tablet of tin was found at Stonehenge in the 
reign of Henry VIH,, inscribed with strange characters that none 
of the anti(|uririans of that age could dt!ciplier. James I., in 16'2U, 
employed the celebrated architect, Inigo Jones, to collect informa- 
tion concerning Stonehenge; who came to the extraordinary mm- 
cltision that it wtis of Itomun origin, — but this singular opinion 
does not need refutation. From nM these authorities, it will he 
seen how very little is known respecting this wonderful structure: 
in fact, all tlie jnfi>rmation we possess respecting it amounts iu 
this — that such a pile wttji erected near Amesbury, and that it wavS 
considered a marvellous work by our most ancient authors. 

Another extraordinary temple stood 19 miles distant, at Abury, 
of the form of a serpent transmitted through a circle — according 
to Dr, Stukeley, a hieroglyphic of the highest note and antiquity. 
The serpent was greatly venerated araongs.t the ancients, being 
considered a symbol of renovation or imniortsility, on account of 
its annually shedding its skin. When temples were built in this 
form, they were called Dracontia. Serpents were constantly in- 
troduced *m antique altars and coins. The temple of Abury was 
constructed of huge unhewn stones; the great circle was inclosed 
within a vallum of 1 tOO feet in diameter The two stTpentiue 
avenues of upright sttuies, called the Kennet and Beckhauipton 
avenues, formint^ the neck and tail of the snake, were each a mile 
in length; the Kennet avenue ended in a small circle of stones on 
Overton^hill, formerly called Huckpen, from the Saxon words for 
snake-heiid. The whole construction is supposed originally to have 
consisted of 650 stones. Mr. Aubrey, who lived in the reign of 
Charles H. was enabled to make out the whole plan of the temple 
frt*m existing remains; he has left a description of it in manu- 
script, which he refers to the following source: dated 1663 ^.i>. 
*^ King Charles 11. discoursing one morning with my lord Broun- 
ker and Dr. Charlton concerning Stonehenge, they told his Majestie 
what they had heard me say concerning x\ubrey (or Abury), for 
that it did as much excel Stonehenge as a cathedral does a parish 
church. His Majestie admired that none of our chorographers 
had taken notice of it, and commanded Dr. Charlton to bring me 
to him the next morning. I brought with me a draught of it, done 
hy memorie only, hut well enough resembling it, with which his 
Majestie was pleaded, gave me his hand to ki&se, and couuuanded 
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me to wajte on him at Marleborough, when lie went to Bath with 
hU ijueea (whit-h waij about a fortnight after), which I did; and 
the tiejct day, when the court were on their journey, hU Majestie 
left the queen, and diverted to Aubrey; with the view whereuf, he 
and hid royal htghnease the Duke of Yorke, were very well pleaaed. 
His Majestic then commanded me to write a description of it, and 
pre^ut it to him; and the Duke uf Yorke commiuided me to give 
an account of the old campu and barrows in the plaine.*' — Since 
the time of Mr. Aubrey, the deatruction of thk fine memorial of 
naat ages has been complete; the itones of which it was composed 
naving been broken up to serve aa building material fur the 
modern village of Aburv, aituated within the ancient vaHum. 
Tfie anake-head remained till within a few years, when the farmer 
on whose land it stood had the stones removed and the ground 
ploughed over. — Numerous small circles of stonea are met w ith in 
England and eUe where, but do oot re^iuire any particular descrip- 
tion. 

I shall leave the mention of the camps and cities of our Celtic 
&nd British ancestors to a future period, and shall invite the 
student, in the next Lecture, to return with me eastward, to 
consider the Pelus^c remains of Greece and Italy, the architec- 
ture of the Jewa, and the ancient remains of Asia Elinor. 

LIST OF AUTHORITIBS. 
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ENGINEERING ExMPLOYMENT. 

In our former article (p. 26 J we made some remarks on engineer- 
ing employment, and the opening there 18 in agricultural operations. 
Since then, Mr. Cubitt, on taking the chair of the Inttitution of 
Civil Engineers, and making his oresidential speech, has token up 
the same suhject {vide p. il). We have latterly been under a 
dearth of work, from the shickening of railway undertakings; but 
it is to be hoped, with the awakening of trade throughout the 
world, we have a better time before us. Neverthelesjt^ there l^ 
one great duty on every member of the profession, and that Is. to 
uphold it. Hliat the members of the Institution hind themselves 
to do, every member of the profession should likewise undertake. 
Let each do something to increase the field of knowledge, and let 
each do something to iiicreaiie the field of employment, for by 
keeping up the common interests, so h the interest of each best 
kept up. 

The lawyer, being a trained man of business, has laid hold of a 
wide field of employment. /Ulhough liygation is very profitable^ 
yet with the higher solicitors it forma but a small part of their 
emoluments; thev are the chief c^unKeliors of the lundowner and 
the trader, in all money matters. They are agents for boroughi, 
steward!^ fyr manors, advisers as to lending and borrowing money, 
as to buying estates and selling tliem, marry mg, settling, and will^ 
ing away* The counsellor who Las a bosom knowledge of a mau*s 
huslnests, has a sliare in his well-heing, and becomes hh friend aa 
well as his adviser; knit up in the same undertakings, and having 
the choice nf every enterprise as well as the immediute reward for 
professional exertions. 

Men of property want, however, other advisers. The man of 
law baa no time for geology or chemistry, bricks and mortar, or 
earthwork; these are what the engineer can undertake, if he 
will but put himself in the way of doing so. The beginning of 
the connection, however, is everything, and the reward to be 
looked for h not immediiite but permanent. It will often happen 
in our professional pursuits, as with the lawyer, that what costs us 
most labour is of least worth to our client; and whatever we may 
set up as to tlie labourer being worthy of his hire, modern poli- 
tical economy is much fonder of another saw^ — that a man ahall not 
he asked to give more for anything than it is worth to him. In 
one ye^ar the lawyer may do much work and get small pay; in the 
next he may do little, and yet have the means of making the 
highest charges. Nothing can be so valuable to a client as a 
proceeding by which a costly litigation may be saved; and yet the 
attorney may not be able, by putting m all the conventional '* six- 
and-eiglitpences" he c^n, to screw up his bill to more than a pound. 
So with the engineer, he may make half-a-dozen plans, and only 
one be adooted. though unquestionably the tioie for all six is spent 
in the work* On the other hand, the landowner cannot afford to 
pay for five plans which are not worth a farthing to him. 



The merchant, if he knew he could hare the wrvices of an 
engineer on moderate terms, would oAen refer to hLm — hut the 
landowner has still greater need of such help; and it is to be re- 
membered there are small landowners as well as great ones^ as 
there are small traders as well a^ great ones. There is very 
litlle diHerence in the amount of talent and exertion required 
between a little plan and a great one, but there is very much 
difference between tbe means of remuneration; and this ts what we 
want the engineers, and particularly the young ones, to bear ia 
mind. ProfeesioDal etiquette is a very fine thing; but what is 
called professional etiquette in most professions is, like trades* 
unions amoiig mechanics, only a means of Inereasiog the monopoly 
for the big men, and rewarding the laxy and stupid from the 
earnings of the hard- working* 

Here we will stop a while for a few words on *^ professional eti- 
quette," which may in most cases be put in the common tongue as 
^^professional rem uue ration.** Engineering is now acquiring a pro- 
fesidonal urganii^iition, and the time is near when the questions of 
a professional test and professional etiquette will spring up, and 
he worked to the injury of the profession, unless the members take 
heed. En^^ineering is now an open profession, taking talent from 
every quarter — from the coal-heap, the mine-shaft, the quarry, and 
the work -bench, no less than from the desk and the college; and 
it is to be hoped no coxcombry will ever be allowed to alter this 
state of affiiirs, but that the field shall be free to all, and, above all, 
to the working man; and be it remembered, that after all that is 
said, this is the only field of ambition open to the ingenious me- 
chanic The architects are mooting this matter of orofessional 
test, and some of them want to have certificates; wjien, if they 
©ould see their true interest, they would throw open the field for 
admission, and invite more talent — whereas they actually propose 
to shut out some of what they have, and have a ridiculous regolA- 
tion to cut off the surveyors from their body. As it is, the archi- 
tects are being driven out by the engineers, who have no restric- 
tions; and the struggle will be stiB less doubtful when it is the 
few articled pupils against the talent of all England enrolled 
among the engineers. Hitherto the architects have had the go- 
vernment patrouiige, certain official appointments, knighthoods, 
a share in the lloyal Academy, and other good things. Notwith- 
standing this, the engineers have beaten the architects in public 
estimation; and notw Ithstunding the engineers have had the hos- 
tility of the government, who have defrauded them of the public 
appointments due to them, and put military officers and corporals 
in their places. 

Professional etiquette or professional remunertition means that 
there shall he a certain scale — thnt a young man shall not charge 
lower than an older one, and consequently, that the older one, wno 
is known, may be employed in preference to the younger one, 
though the latter may have the talents of a Watt or a Stephenson. 
As this doctrine is set up on a wrong economical groundwork, it 
always works ill. It looks to the interest of the orofessional man, 
and not to tbe means of his employer; and the class most injured 
is therefore that of the professional men. Take the case of a 
solicitor who has to deal with a uniform scale: many kinds of 
business he cannot undertake, and for many he can get no proper 
remuneration, because the scute has no reference to the benefit done 
to the employer, but only to the work done by the lawyer. Take 
the case of the medical men, who, by the results of professional 
etiquette, have pauperised the working classes of this country, 
keep up dispensaries for the benefit of *^pure" physicians and sur- 
geons, and the demoralisation of the out-patients, and who lose, 
on the lowest estimate, a million a-year, which they might obtain 
by small fees from the labouring classes. In France, a young man 
can begin with a shilling fee, and he goes on increasing his sofde 
aa his practice enlarges, so that we believe at Paris the highesl 
medical remuneration is higher than in London. So among artists, 
they may begin with a shilling ur holf-a-crown, until their lowest 
ch^irge is two hundred guineas. 

There is many a man with three or four hundred acres, who 
would like to know what he can do with them for tbe best; for 
unless he keeps a sharp louk out, his rents are likely to be much 
lessened — not ty free trade, but by protection and agricultural 
ruin ; a war-cry which the farmers having been once taught by the 
landlords themselves, are not likely to give up without getting 
something by it. The farmers have already screwed down their 
workmen, and they are trying their hands with the landlords to 
get something off their rents. A landowner with a small holding, 
cannot afford to send for a great engineer, or an engineer who 
wants a great fee; but he would be very glad to have sound advice 
as to what can be done, If he has minerals underground, that 



THE CIVIL BNOINKBR AND ARCHlTECrs JOt 



70 



onght to b© kiiow^n, — if clay or lime aboveground, he will think 
iliout tile or lime kilns. A fair analysis of tlie soil 8 is to be made, 
to know whether anything is wanting in them, and whence it i« 
imj«t readily to be got. The streams of water must bo looked 
liter^ and tt must be settled what is to be drained off, and what can 
be kept for catchwater meadows, or to feed the crops. It may be 
worth while thinking whether wells should not be sunk, to water 
the rattle where the land dminage h not wholesome. The roada 
Kttle the number of di aught horses to he kept; and a few yards 
of qttagmire filled up will perhaps ^et rid of half the horses. The 
bcdgc% Irees^ buildingf^ machinery, dung-pits, must he looked to, 
zQApped out, and reckoning gone into as to what is to be done with 

gremt landowner can send for Mr, Parke*?, or Mr. Smith of 
nsAon to plan work?i, ^!r. Bailey Denton to lay down a survey^ 
|P*of. Phillips to examine his mineral*, and Prof. Johnston to ana- 
lyse the soils; but the small landowner wants this done by one man, 
I ft a ftmall rate. The farmer, or the schoolmaster who is a land- 
I tnfvcyor^ can plot out the ground — but there he ends. There are 
mioy farmers and land- valuers who can give very good advice as 
to draining or laying out the farm buitdings; hot still they cannot 
whale work. A youn^ man who has been fairly brought up 
' all that is wanted. He must be a surveyor, engineer, geo- 
and chemist: know how to plan and estimate buildings; but, 
above all, he must be a good accountant^ — one of the first qualifica- 
I tiona of a man of business. 

The engineer is becoming the counsellor of his employers in 

[ tiuuiy great undertakings, and his success will be muoh dependent 

' m Gift knowledge of business. Now, »o far as we know, in the 

engineering schools, book-keeping is not taught, and neither is 

{►witical economy. We ought perhaps to go further, and say that 
ngic and the training of the mental powers are nut taught. The 
tCNchmcal knowledge of accounts is needful to every engineer who 
would be more than a mechanic, for ours is a truly practical pro- 
fession; and without knowing what the outlay will be, and what 
the Income, a man who lays down a plan is a mere hublile-blower, 
and may a« well lay down a bridge from Dtn er to Caliiis, for which 
the gold diggings of California would never pay^- — rjr set up a 
patent cabbage-cutting machine, such as that which saved one 
cabbage in a hundred, but trampled down four* For want of a 
know&dge of higher political science, engineers are unable to 
grapple rightly with all the bearings of the plans which come 
before them. In common arithmetic, two and two make four; 
bat in political arithmetic, they may make five, four, three, or 
even two. 

An engineer who is called in to look over land is not called in to 
ipend money, hut to save it. He must look to the means of his 
imployer. If the latter is short of money, then only those works 
Bluist be set about which are aJtngether needful: if,' however, he 
hafi money to snare, then it is worth while to lay it out in everv 
wzv which will bring a good return, Ever^'thing must he well 
rei^oned up. The wliole mileage of carts and horses throughout 
' lie year, must be worked out, — whether this can be shortened, 
rhether lighter carts can be run, or other kinds of ploughs be 
brought to bear- When buildings are to be set up, it does not 
follow they are to be built off-hand of brick or stone; but it must 
"be worked in every kiud of way, to make the most of the stune, 
|brick, timber, and lime at hand.' To liken groat thin^> with small, 
if railways had been so worked, they would now yield a much 
better income. 

A farm is a factory for bread and meat, and is to be set up in the 

De way aa a cotton-mill. The ertj^ineer is the man to undertake 

Ltaaky for neither landowner nor farmer can do it without him. 

|tet pattern does for a windmill or a baker's oven, but no two 

I are alike. One is high, another low; one wet, another dry; 

id so forth; and there must be a plan for each. 

This constitutes the protection of the engineer, for if a plan 

ould be stereotyped and lent about from landowner to landowner, 

( a crotchet pattern by their wives, small would be the extent of 

Qgineering emplo)^ient. It is on the degree of skill displayed 

I each design, m its peculiar and specific application to the cir- 

amstances, that the engineer must depend wr his reputation. If 

llie contents himself with copying from books, or with mixing up 

« »tock plans^ either in this or any other branches of engineering 

employment, he is only undermining himself, for his employers 

J eon do the same thing, or others ciin start against him. 

We repeat, that protection is not to be soujsht in a code of con- 
rentionai etiquette, but by the upri|yrht discharge of professional 
luties towards employers, looking not to selfish emolument, but to 
nutual advantage where a mutual service is rendered, and wheie 




a mutual interest is at ttake. Those who hire themselves out for 
the day will be treated as hirelings: those who do unto others as 
the7 would others should do unto them, will be treated as frienda, 
ttiki rewarded as such. 



ON THE LIFE AND GENIUS OF VIGNOLA. 

On the Lifi^ the Genius^ and the Works of Giacomo Barozzi Dn 
Vignifyla^ By Samcf.l Anoeli*, Esq., Architect.— (Paper read at the 
Royal Institute of British Architects, Feb. ith.) 

Of the great Italian architects of the sixteenth century, I doubt 
whether there is one to whose works and instruction we are more 
indebted than to him, who forms the subject of the present paper, 
Giacomo Barozzi da Vignola. We have all probably our different 
favourites among these great masters^ — one preferring the grandeur 
and B*didity of the San Galli; another, the refined elegance of 
Peruzzi; a third, the harmony and simplicity of Palladio; but for 
a happy combination of exquisite grace, with originality and purity 
of design, I consider Vignola as deserving the palm. 

In France the merits of Vignola have always been justly appre* 
elated. The architect is there taught from the commencement of 
his studies to revere him as his law-giver, and his name has given 
the title to several of the French elementary works. They have 
their *Vignoles dcs ArchitectV -Le Vignole des Ouvriers,* and ^Le 
Vignole des Propriet aires.' They have produced *Le Vignole iu 
foL' and 'Le Vignole de poche;' in fact, for pure Italian architec- 
ture this great master is looked up to as tneir standard, and I 
believe I am correct in attributing the cpreat excellence of modem 
French architects to the fortunate selection they have made of 
Vignola as their chief guide and instructor. 

Of our own countrymen, Sir William Chambers has, perhaps, 
been the most forward in doing justice to the merits of Barozzi, 
In Sir William's admirable treatise he constantly refers to the 
writings and executed wurks of hisffreat Italian prt>t«»lype, and in 
his Five Orders he has drawn more largely from \ ignola than from 
either Sc-amozzi, Serlio, or Palladio, 

Our Honorary Foreign Secretary has also done justice to the 
genius of Vignola in the following passiige, from his instructive 
work on D^Kirwayst — "We are not »u^ciently acquainted in this 
country with the powers of Vignola's mind, which is more to he 
regretted, as all his works evince a profound knowledge of the 
resources of his art, and a taste of the moat cultivated and refined 
nature, Grace is the predominating feature in all his buildings, 
not one of which but is sufiScient to establish the reputation of 
any man." 

Before I proceed to discuss the merits of Vignola as an architect, 
I will first slighth" glance at the history of his life, and describe 
some of his principal works. Of the former I have little to add to 
what is contained in his memoir by Vincenzio Danti, as well as in 
Milizia's "iMemoire degli Architetti;' and also in the accounts 
prefixed to the editions of his works, well known, no doubt, to 
those present. And although 1 can offer no such amusing scenes, 
nor stirring- events as are to he found in the life of a Benvenuto 
Cellini, still the CJireer of Vignola was not without its shadows; 
occasionally basking in the Bunshine uf royal favour and pontifical 
patronage, there were times when he despaired of success, and 
when he found it necessary to change the intent and nature of his 
studies. 

Vignola was born on the 1st of October, 1307; his father, 
Clemente Barozzi, was of a noble family, and a native of Milan; 
his mother was a German lady. The civil wars of that period 
obliged Clemente to leave Milan, and he tocik refuge in the small 
town of Vignola, in the Modeuese states, and (iiacomo bein? born 
there, was, according to the custom of those days, sur named after 
the place of his birth. 

Clemente Barozzi died during the infancy of Giacomo, who, as 
he grew up, evinced some talent and inclination for drawing, and 
was therefore advised to proceed to Bologna to study the art of 
Painting and Design. He does not, however, appear to have made 
the progress in his pursuits that he desired, he therefore look the 
resolution of chau^fing them for Perspective and .Architecture; 
and in these, his more congenial studies, he soon arrived at that 
proficiency which hi« natural genius and constant application 
enabled him to attain, Francesco Guicciardini, at that time 
governor of Bologna, took him under his natronage, but the 
youthful Vignola, perceiving that a thorough knowledge ofarchi* 
tecture not merely consisted in making designs, or studying 
the works of Vitruviua, determined to proceed to Home, and 
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ikerm to measora aAd vtadj those i^Iorious remnins of ftneient 
maaiificence for which he had «o pmfiiurid ji veneration. 

He at ftr^t obtained employment by muking drawingt for 
AfeJighini of Ferrara, the sAnie*mift>rtunkte wi|rht,^ who, it it said, 
served hia ho]ine«s in cajtacity o( i^oom, and who, upon the occa- 
sion of the competition for the CortiJciotie of the Farnefte Falace, 
was caHed bjr Antonio San^sMo **that mountebank of an architect." 
The necessity of procurin^^ the means of subsistence obli^'ed 
Vi^nola occasionally to resort to painting small pictures for wile, 
hut this precarious mode of Jife was so di«t«Rteftil to him, that 
unon the formation of an Academy of Architecture in Home, by 
Alontii^nore Marcello Cervini (afteruard^ elevated to the papal 
chair), he pive up painting and devoted himself entitely to the 
study of architecture, drawings and measuring nearly all tht» 
then existing remains for the use of the academy, arid to the 
entire «atij»factioii of its members. 

About the year 15;J7, Vignola left Rome in company with Priiiia- 
ticcio, the painter, w ho took him with him to France, and preii^nted 
him to Franci8 the Fir A, to wht>8e service he became attached as 
professor of de>tgn. lie made several drawings of ancient monu- 
meot^ for that grei*t moriurrh, and various designs, the execution 
of which was preventi-d by the wars and tniubles of that period, 
J?oriie of hi« designs in perspective are «iid, however, to have been 
CJcecuted upon the wall« of the palace at Fontainhleau. Vignola 
appears hIso to have asjiisted in ca^^ting in metal several statues 
from the antique for that prdace, but Francis the First, having 
other occupations and demands upon his time and treasure, was 
obliged to Mrithdraw his patronage from the fine art*, and our 
urchitect tlierefore returned to Bologna at the invitation of Count 
Filippo FepoJi, president of 8. Petronio, and he wa« engaged up 
lo the year 155U, in making demgns for that establishment. 

1 ompetition designs in the sixteenth century do not appear to 
have been managed with more satii^faction to the parties engaged, 
tjian in the oineteenth; and Vignola is said to have been troubled 
with many dissatisfied rivals, when Giulio Romano and Christoforo 
Lonibardi being caJJad in to advise (much in the same way as in 
t'ur own times) upon the domgns ^ent ju for the restoratiim of S. 
Fetronio, Vipnola's was adjudged by those two great artists to be 
the most mentorious. ^ This account,' however, does not quite agree 
with Giorgio Vassari's statement, in his life of GmUn Romano, 
frc^m which it would appear that Giulio Romano himself made a 
dcBigu for the fa;ade, which was much admired by the B^doguese, 
Fallttdio made four designs, and B»lda>!sari Feruzz'i and Alessi were 
among the competitors. The affair appears to have created a great 
sensation in the iirchitectural circles throughout Itidy at that 
jeriod. These designs are still preserved in the Re v ere n da 
Fabrica, at Bologna (adjoining S. Petronio); they were seen by 
Mr. Falkener and Mr. Newman last year, Vignola's design is of a 
Gothic character, in accordance with the other parts of the build- 
ing; it does not a]* pear so meritorious as GiuUo Romano and 
Lombardi adjudged it to have been. 

We gather from Milizia, that it was the custom at that tini« to 
consult the chief architects of the day upon any questionable point 
of design or practice, fi7r in a dispute between Biissi and Tibaldi 
u|n»ij stune matter connected with the works in progress at MilaJi 
t'athedral, Bassi applied for the advice of Palladio, Vignola, 
Vassari, and Bertani: and Mili/Ja remarks that the answer of 
Vignola as respected the Baptistery was well worthy of being 
recorded* Tibaldi, in order to support bis ill^proportioned interco- 
lumniations, proposed to introduce iron chains, Vignola remarked, 
"CA* ie/ahbriehe non «-i hanno da 9osteiwre cvUi* stringhe" — *^*'a golden 
aentence,** as is well observed by the ingenious and learned author 
of the 'Notitia.' 

Vignola appears about this period to have been employed upon 
a palace at Mmerbio, for the Conte Alemano Istdani, and upon n 
houise for Achille Bocchi, in Bologna: upon the Facade dei Banchi 
in that city; and upon the Cnnsd of Naviglio, a work of engineer- 
ing, which architet ts then undertook as a legitimate part of their 
piofenisioiT. 

My friends, Mr. Edward Falkener, and Mr, Newman (both of 
whom have lately returned from Italy with rich stores of archi- 
tectural study) were induced, from finding the palace at Minerbio 
described as a great work of Mgnola's, to make a detour of some 
twenty miles to see it, and we may judge of their disappointment 
upon finding the only work of Vignola's now existing at Minerbio 
to consist of a Columbajo, of an octagon form, about ^25 feet in 
dii» meter, and 70 feet in height. No traces of the palace could be 
found; but if that building was in proportion in extent of accom- 
niodHtion to the Columbajo, which would contain 13,000 pigeons, 
it roust liave been a building of no little magnitude. 



K^ 



Upon a seoond visit to Rome, Vignola wna introdueed hy Gi 
VaMsari to the Pope Julius III, who, when legate at Boh_ 
was acquainted with Barozzi. His holiness appointed him 
architect, giving him the direction of conducting the Acqua dl 
Trevi, and commanditig him to make designs for his celebrated 
residence, the Villa Papa Giulio; he was ^so eogafed upon tht 
small neighbounng Church of S. Andrea a Ponte Molle. 

The Cardinal Alessandro Farnese was a most infiuential patftHi 
of Vignola'fk lie employed him upon that portion of the l^aruesit 
Palace known as the Caracci Gallery, and his band may be timeed 
in other parts of this celebrated building. He was engaged attlifl 
Cancellaria; and he also designed for the Cardinal the exquisita 
gateway to the Orti Fartietsiani in the Camjio Vaccino. Tht 
pfreatest work, however, upon which this powerful prelate employed 
him, was that superb specimen of architecture, the palace of 
Cuprarola. 

At the decease of Michael Angelo, in 1561, Vignola vaa ; 
pointed architect to St. Peter*s, and to his refined ta^e we are 
indebted for the two beautiful lateral cupolas of that building. The 
Church of the Gesu in Rome was also a commission from the Car- 
dinal Alebsiiudro Farnese; the foundations Mere laid in 136H, but 
the works were only carried up to the height of the cornice by 
Vignola. The building was completed uuder the direction of 
Giacomo dellu Portn. 

The great Ducal Fsdace at Piaceiiza was designed by Vignola, 
but completed by his son Giacinto. A chapel in the church of San 
Francesco in Perugia, the Capella Rieci in Santa Caterina de* 
Funari at Rome, the church of Santa Anna dei Palafrenieri, the 
Oratorio di Han Marcello, and the tomb of the Cardinal Rannccio 
Farnese in San Giovanni Laterano, were among the works of 
Vignola about this period; and he was ai^u) employed upon several 
public and private edifices in various parta of Italy, among which 
were the Chiesa della Terra di Manzano, that of S. Ureste (Mount 
Soracte), and Santa Maria degli Angeli at AissiJii. 

The foundations of the Palace of the Escurial were laid in t$63, 
when the Baron Martirano being at the court of Philip the Second, 
and being much esteemed by that monarch as of acknowledged 
taste in the arts, he was consulted in respect of this important 
building, and commissioned t^ return to Italy to advise with the 
most celebrated architects of the day,^Galeazzo Alessi at Genoa, 
Pelegrini Tibaldi at Milan, Palladio at Venice, and the Academy 
of Design at Florence. The grand duke Cosmo di Medici aJ»o 
ordered a design to be made by \'icenzio Danti. No lees than 
twenty-two designs from different architects were collected on this 
occasion; but it is stated that none were so well received by the 
King of Spain and Martirano as that by Vignola, who, having had 
all the designs sent to him for his inspection and judgment, selected 
the best parts of each, and thus dressed up a description of alia 
podfida design for his most Catholic Majesty, This at first sight 
does not appear to have been a very creditable proceeding on the 
part of our architect, but at this distance of time it would hardly 
oe just to venture a censure without having all the circumstances 
of the case before us; and as the character of Vignola for honour 
and integrity has never been impeached, tt ts only fair to presume 
that he did nothing unworthy of it in this transJiction. Philip 
invited Vignola to proceed to Spain to superintend the execution 
of his design, but nnding himself advancing in years, and being 
much occupied with bis professional duties (more particularly with 
those pertaining to St, Peter s), he prudently declined the royal 
invitation, and determined upon cimtinuiiig in his favourite Rome. 
The Escurial, according to Milizia, was afterwards erected by 
Giovanni Battista of Toledo, who commenced the work in 1563. 

In the year 1573, Vignola was invited by Pope Gregory the 
Thirteenth to proceed to the city of Castello to examine into a 
disputed question of boundary between the Tuscan and Papal 
States; and although sutFering greatly from indispoaition at the 
time, he obeyed the pope's commands, and fulfilled his commission 
with care and great judgment. Upon recovering his health be 
immediately returned to Rome, and sought audience of the pope 
to Vender him an account of the successful performance of his 
commission; he remained an hour discoursing with his holine^iis 
upon the subject, and upon the state of the progress of several 
buildings from his designs, and received permission to proceed on 
the following day to Caprarola; but during the night he was 
attacked with fever, which terminated in his death after six daya* 
continuance. 

Vignola died on the 7th July, 1573, at the age of 66; he bad 
requested to be buried in a private manner, but his son Giacinto 
wa« obliged to concede to the wish of his friends and admirers, and 
be was interred with great pomp in the Pantheon, all the members 
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llie Acadcmr of St. Luke attending the ceremony, as a tribute 
reipect to his memory. 
Ignasio Danti (to whom we are indebted for a Memoir of the 
life of Barozzt) makes mogt honourable mention of bii^ nnhle nnd 
^erous dispo!iition. IIih constant desire wtis not to he burdened 
vith the cares of superfluity, or the miseries of want: his numerous 
charities prevented the former, and his talents and the extensive 
patronage he enjoyed rendered him exempt from the latter. Ilin 
Hfe wrns most virtuoui^! his love of truth proverbial 1 his manner 
ibeerfiil and enga^ng! his accomplishments re6ned! He died 
MM>r^ leaving no other inheritance to bk son Hyacinth (observes 
Quatremere de QuincyJ '^than the example of bis virtues and the 
reputation of his namer 

Nfilizia ^ate^ that Giacomo della Porta studied under Vif^nola, 
md Bonanni styles him aa dismpulag ejus; he Bucceeded him as 
irchitect to St, Peter's, and also designed and executed the several 
churches and other important works in Rome, 

I re^et that I am unable to ^ive the date when \'i^nolH produced 
bU celebrated Treatise upon Architecture, Duviler and Mitizia 
both «tmie that it was to\vHrds the latter end of his life, and this 
tf in BOtne measure confirmed by Vignola himself, who« in the fol- 
l<»wing passage from his modest and unpretending preface saya, 
•^thflt having for many years practised as an architect in various 
paI1i^ having studied the writings of several authors upon urchi- 
tictore, and having compared them together and with the works 
of intiquity then still remaining, he was desirous of establishing 
& role upon which he might rely with security, and which might, 
upon the whole, or in part, plea.se the judicious/' 

Of « treatise so well known to architects it will be unnecessary 
forme to offer any description, it being suificjent to observe that 
iti merits have now been tested for more than three centuries; 
thit of the parallels, which have been made of the orders with 
those of such powerful rivals as Serlio, Scamozzi and Palladio, I 
tiiiok the balance will he found in Vignola's favour, notwithstanding 
tJte opinion of so great a critic as Milizia, who {duces the ^reat 
architectd of the sixteenth century in the following griidation: — 

*^For knowledge and exipxiHite taste possessed by each in archi- 
tecture, it appears that the first j)Iace would belong to Palladii*! on 
hit rig^bt hand would be Vigmda, Bii<Hi-iroiti, Sansovino, and 
V»An, and on the other Peruzzi, San Micbele, Giulio Romano, 
iod Serlio.^ 

Vignola's Treatise upon Perspective was not published till after 
his death; his son Giacinto placed it in the hands of J^jnazio Danti. 
« Dominican friar and mathematician of Bologiiii. Danti has well 
fulfilled his task of compilatii>n, and bai^ produced a work upon a 
labject, which was more carefully studied by the old Italian archi- 
I#ct8 than by their successors. Both Vitruvius and Peruzzi, as well 
u Vignola, recommended its study tm one of the means towards 
arriving at perfection in the art. The words of Vl^nola are ''^ La 
^enaa deih proApettha git titfem nperto i'utgegno per i%irte difabbri^ 
Mrr," and I would here venture a remark to the students of the 
Institute upon the great importance of a sound knowledge of per- 
ipective fur the proper study and practice of their profession. It 
vould not be dimcult to point out in several important buildiuga, 
instances of failure of architectural effect, arising from the desi|<ns 
having been merely studied geometricallyr 

Upon the principle so well laid down by Milizia, '*Tbat the best 
method of praising able artists ik by making known their works," 
I will now proceed with a fevi: remarks u[n»u the executed works 
of Vignola at Rome, commencing with the little church of San 
Andrea a Ponte MoUe^ on the Via Flaminia. 

The building was erected by Julius IlL, in commemoratton of 
his escape on St. Andrew*^ day, 1,5^7, from the German soldiery 
during the sack of Rome, and among the variouss ifwcrijrtions in the 
adjoining \'illa Papa Giulio, Boissard gives the following as con- 
nected with this church. *"*• In the neif:hbouring temple let thanks 
he given to (iod and St. Andrew, and let t]iem (the visitors) pray 
for abundant health iind eternal life to Julius III,, Pontifex iUaxi- 
mii^ to Baldwin his brother, and to their whole family, 

Thi« church is of a rectangular plan, of very moderate dimen* 
lions, and is chiefly remarkable for its resemblance in j^eneral 
erterior character to some of the small Roman temples. There is 
a great charm and beauty in the sim]dtcity of the design, and the 
degant details all bespeak the most careful study. Milizia, in his 
bmsque way has some smart criticisms upon it, acknowledging at 
the same time that it was a work geueraJly praised! 

In the immediate vicinity of the Church of S. Andrea 10 situate 
the Villa Papa Giulio, commenced in 1550, by order of Julius IIL 
I will not occupy the time of this meeting by a description of this 
building, with which, probably, nearly all present are familiar, 



either with the building itself or the charming illustrations of it by 
Percier and Fontaine, I cannot, however, reaist the fibservation, 
that for the harmonious arrangement of the plan, for its style and 
character, for the refinement and delicacy of the enrichmejit^, it i;* 
a model of guburban architecture, Ammanati in his fountains nnd 
ninfeo, and Zucchero in his beautiful paintings of the }iorticoes, 
have contributed much to its effect, but it is to the master-hand of 
Vignola, which guided and directed the whole, that we must awanl 
the palm ! 

Aly friend, Mr, James ^forant Lockyer, who has with great cre- 
dit given much attention to the study of numismatics, more parti- 
cularly in reference to architectural representations upon medjJ^, 
has kindly lent me a medal of Julius* 111*, engraved both in Stern*!* 
and Letarouilly's works, upon which the V'^illa Papa Giulio i^ shown 
with two small cupolas surmounting the circular staircase and cor- 
responding wing building. The effect in the medal is so «ucc.e»tjfu), 
that I am induced to wish the^e lateral cupolas had been intro- 
duced in the building itself. 

Near to the Villa Papa Giulio is the Vigna Giulia, and from 
their close vicinity and the resemblance in the names, the one 
buiWingbaa sometimes been taken for the other in the works of 
Vaaari and other authors. I am imdined to think the band of 
Vignola may he traced on this latter building; it is an extremelv 
picturesi|ue composition and quite worthy of him* Letarouilly has 
treated this subject in his usual perfect manner, and he ascribe:* 
the desitfn to Sansovino and Peruzzi. Giorgio Vasari states, that 
he himself was the first who designed it, adding rather indigUHutly, 
^^ that he was n(»t one of those who made designs to pleaiH* tho 
capricious fancy of the pope, and which were afterwards obliged 
to be corrected by Michael Angelo and Vignola." From thj^ pas- 
gjftge it would almost appear, that Barozzi was really concerned in 
the design, but I have no doubt so careful an author as Leta- 
rouilly has good reasons for attributing the work to Sansovino and 
Peruzzi, and 1 am only doing justice to those two great architects 
in observing that the work in t|iiestion in, at all events, worthy of 
Vignola. The Villa Lanti at Bagnaia, near to Viterbo^ has also 
been ascribed to Vignola j it resembles his Btyle, but it is not suffi- 
ciently refined and pure for that master. 

At the Palazzo Farnese, Vignola executed that magnificent 
apartment so well known as the Caracci Gallery, with a portion of 
the Cortile, together with the decorations of several doors and 
windows, the most satisfactory details of which will be found in 
Letarouilly, who has also given as the works of Vignola, the lateral 
porticoes or loggie on the Capitol, the small Pahizzo Spada in the 
Via di Capo di ferro, the Palazxo Nan, and a small palace at the 
extremity of the Piazza Navona. We have also the oelobrated 
doorway of San Lorenzo In Damaso. 

If) reference to the entrance to the Farnese Gardens at Home, I 
will again refer to the useful work on Doorways by Professor 
Donaldson, *^ It is useful, however, to consider whether this is an 

oxamole to be entirely followed without reserve; certainly not; 

but there are so few blemishes to remark, that it may appear 
aluKist unnecessary to notice them. It must be allowed, however, 
that the cidumui* require being elevated above the level of the 
ground by a plinth. The rustications of the columns may be some- 
what objected to as not sffiuciently pure, but the harmony of the 
whole compoBjtiun would have been destroyed had they been with- 
out; the attic is not tiulTiciently high, its proper proportions would 
have been to have equ wiled the entablature in height, this would 
have raised the plinth more above the cornice, and prevented its 
being intercepted by the projection of the latter. Some subse<juent 
arcliitect, witn a taste as profane as it was daring, has introduced 
above this Capo d'Opera of Vignola, an attic, with carvatides, dete- 
riorating materially its effect, and causing the deformity to be 
attributed to our great architect," 

Now Milizia, who is generally not very snaring in his censure, is 
not fjnite so indignant as the writer whom I have juiit quoted, with 
respect to this " profane addition;'' he merely says, *** Ma i'aiticn 
eon qurUe earintidi i' troj^po fframie,*' and upon referring to my own 
rough notes, 1 find th»t I was innocent enough to treat it as one 
design. Many, however, I dare say, will consider that the author 
of the work on Dnorways lias, ijj this ini^tance, proved himself the 
best critic of the three, and that the addition must conse^ently be 
condemned aa<— 

** A blot that wlU be ttm a blot. In apflt 
Df All ihut gniv« apoloKlilt maf wrU«/' 

At the death of Michael Angelo in 1364, V^ignola, in conjunction 
with Pirro Ligorio, was elected as his successor as architect tu St, 
Peter's, with the strictest iujunctions from Pius IV, not in any way 
to alter the design made by Michael Angelo, Vignola'e coadjutor, 
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Iiowever, tlmti^Kt proper ta dist^bey these commands, in f?onse- I 
quence of which he was dtsmis^d, and Vignola remained ai aole I 
architect, and he ao continued for the space of nine year*, up to ' 
the time of his death- The lateral cupolas are his, and are well 
worthy of his master^hand, Milizia'a praise of them is as concise 
as it \^ expressive: *' Sano del VUjfiuta e mno belie!" I am inclined 
to the opinion, that no other part of St. Peter s was de«tgned by 
Vi(f nciln, hut that he merely put in execution the designs of his 
^eat predecessor. 

Through the patronage of Cardinale Alexandre Farnetie, Vig- 
nola Mas appointed architect to de*ii^ the important Church of 
the Jciiuits. This ^eat work was commenced in 156B, its plan is 
that of a Latin cross, the len^^h is '216 feet, and the width 115 feet. 
The huildinp was only carried up a^ far as the cornice hy Vi^noIa, 
it was completed by flirtcomo della Porta, or accnrding to Milizia, 
*^// reHofti eftafftmto fin GiaeomodeHa Porta.*' 

The garden front of the Palazzo dei Fiorentini, in Campa Marzo, 
is attributed to Vi^^mda; it is a graceful comnosition, and has lately 
formed the suhject of a work hy Cavalieri Folchi, a copy of which 
has been presented to the Institute by the author during the pre- 
sent session. 

The two lateral loggie of the Capitol are attributed to ^'^ignola 
by Letarouilly; they are of extreme grace and simplicity, and their 
effect considerably enhanced by the grand fiighta of *itep« upon 
•rhich they rest. 

The Porta del Popolo is also said to be by Vignola; it is not, 
however, a very first-rate production, and I am n<it particularly 
anxious to claim it for my favourite. Some contend that the front 
only towards the Via Flaminia is by Vignola, and that towards the 
citv by Michael Angelo. 

( am not aware that there are any other important works at 
Rome by lAATftm renuiring notice, Mr, Donaldson hfi« Rugi^ested 
th«t parts of the \ ilia d'Ebte at Tivoli, particularly t)ie central 
loggia of the front next the gardens, are by hid hand^ and I am 
inclined to the same opinion. 

Of Vi|riiola's works at Bologna, my friend Wr, Newman, who 
was there laM year, baa kindly lent me a sketch of the Logj^ia dei 
Banchi, a wing of San Petronio. Mr, Newman is of opinion, that 
the facade was altered only, and not altogether designed, by Vig- 
nola; the lower pihisters without bases, and the proportion of the 
arches, induce a belief that the upper part alone must be attri- 
buted to our great master. Mr. Newman has also kindly furnished 
me with a powerful sketch of the palace built for Achille Bocchi. 
This is a noble pr*>duction, and a glorious example of Vignola*8 
genitis for the ^nind and sublime, as well as the refined and ele- 
gant. Its massive grandeur reminds ns of the Florentine palaces. 

Of the great church, Santa Marta degli Angeli, at Assisi, 1 regret 
1 cannot speak from personal observation, hut the difficulty has 
been obvinted through the untiring kindness of our friend Donald- 
son, he having furnished me with a plun of the building tuken hy 
himself in the year IS 18. The dimensions are immense ; the extreme 
length inside the walls being no less than 347 feet, and the width 
180 feet, but notwithstanding this colossal size, I am far from con- 
sidering it, in point of architecture, as the greatest work of Vig- 
nola; the plan presenting no new c^r striking features, and effect 
appearing to have been produced by magnitude alone. The first 
stone was laid 95th March, 1569, only four years before Vlgnola's 
death, and Ales^it and Giulio Duntt are said to have had the super- 
intendence of the building after Vignola*® designs. 

In the year 1832 this church was considerably damaged by an 
earthfjuake, but it has been since repaired, and at the present time, 
is not merely celebrated as the work of Vignola, but as containing 
a superb fresco, "•* The Vision of St, Francis," a capo d'opera by 
one of our own Ci ntury, Overbeck 1 

Of the great Ducal palace at Placenza, 1 have no illustration. 
My friend Mr. Fiilkener infonus me that it is by no means one of 
Vignola's finest productions, I will proceed therefore to bring 
before the notice of the meeting Biirozjei s greatest work, Caprarolit ! 

Near to Viterbo. and distant about twenty-six miles from Rome, 
stands this ca^m d opera of Vignola, The situation on the sides 
of Monte Cimino is wild and romantic, commanding magnificent 
views on all sldes!, and presenting the most striking points as the 
spectator approaches. The hold and rugged site no doubt influenced 
the architect in giving that fortres*-Hke character to his building, 
alike suitable to the situation and to the stormy and turbulent 
times in which it was built, 

Vasari says that the original design for the fortress of Cap rarola 
was by Antonio San Oallo, who had much practice in engineering 
and military architecture* I do not consider that this circumstance 
at all detracts from the merit of Vignola's subsequent shore of the 



design, for it must have acnnired as much (if not more) skill, to 
adapt his palace to San Galio's foundations, as to have originated 
the palace- fortress itself. 

The plan is pentagonal, with bastions at the angles, and while 
thus partaking of a military character, the architecture of the ele- 
vation is civil and palatial. Terrace surmounts terrace, the one 
C4unmuni eating with the other by noble wide flights of steps. The 
basement is raisetl upon its sub-basement, excavated from the solid 
bed of rock, while two beautiful orders, towering proudly at>ove 
these masses surmount the pile. Grandeur and sublimity reifp 
without ; beauty, grace, and harmony preside within. Well, 
indeed, might old Daniel Barbaro exclaim, when the first vitw 
burst upon him, '*Xrfi presenza e mtiggior della /ama,** 

The arrangement of t!ie plan is a masterpiece of skill; the 
circular court one of the most charming and harmonious compo- 
sitions ever devised. The spiral staircase^ with its ascending 
stories of columns and pilasters, perhaps unrivalled in the world; 
and while we gaze in admiration at tne expanse of mind which 
conceived so great a work, our eye, as well as our imagination and 
taste, are more than satisfied with the exquisite refinement and 
purity of the details. Manv years have now past»ed since I saw 
this grand specimen of Italian architecture; but I have a mii«t 
vivid recollection i>f the strong feeling of admiration it produced 
on myself and fellow travellei*s. 

Giorgio Vasari, in his 'Life of Taddeo Zucchero,' has given a 
minute account of this celebrated building, describing the various 
ai>artments with their superb embellishments by the brothers 
Zuccheri and by Tempesta, as well as several perspective views by 
Vignola^s own hand. 

In Le Bas and Debret'a work upon the edifices of Vignola will 
he found the most architectural account of Caprarola. Some of 
the decorative paintings are given bv De Frenner, in a fine work 
entitled ^Illustri Fatti Farnesiani; and the plans and sections 
and elevations will be found also in Rossi's * Studio d'Arehitettura 
Civile,' and in Percier and Fontaine's ^Maisons de Plaisance de 
Rome.' These celebrated French architects have also included 
the building in the grounds termed La Palazzina, the refined 
beauties of which are most elegantly and faithfully represented br 
them. The hfippy expresglon of Vasari with respect to the Villa 
Farnesiana at Rome, ^"-Xon muraUt ma vemmente nato^'* would in 
ail respects apply to this Paluzzina, one of the most exquisite 
creations of the refined taste and imagination of Vignola, i 

I have already made some mention of the part Vignola took in 
the designs for the Esc u rial; how far that gigrantic royal convent 
has been erected according to the ilesign furnished by our archi- 
tect, it is difficult to say. The plan now exhibited belongs to Mr. 
Donaldson, who, following Miliuia, attributes the design to Juan 
Battista di Toledo. It appears that the palatial bears but a small 
proportion to the ecclesiastical part of the edifice, which, as a 
whole, has not been unhappily described hy Beckford as being **at 
once a temple, a palace, a convent, and a tomb." 

Vignola has not merely instructed us by bin executed works, but 
he has left a guide for all time in his admirable treatise upon oui 
art. To him we are indebted for rules, proportions, and maxims, 
the result of a careful study of the architectural remains oi 
ancient Rome; and, although this great master has founded hid 
orders upon the antique models, he was no servile copyist or imi- 
tator, but proved himself as eminently successful in his original 
Sjroductions aj* he was in his adaptation of the remains of antiquity. 
iis beautiful and original introduction of consoles connecting with 
the modillions in a crowning cornice has been frequently imitated 
in continental buildings, and in our own country by \V ren^ at St. 
Paul's, as well as by many other of our principal arcldtects of the 
past and present day; his playful adaptation of ornaments over 
his doors and windows, and his ingenious and bold application of 
rustics, afford us examples of originality well deserving our atten- 
tion and study. 

In some valuable remarks on the genius of this great artist, 
I entirely concur with Mr. Cocke rell, who has observed thut 
"Vignola was sparing in the use of the orders, not lavishly em- 
p loving them in a vulgar and common mamier, but applying them 
rattier as precious decorations to be tenderly and delicately treated; 
ho relied much upon his door and window dressings, making his 
window openings extremely small, thus giving great breadth and 
scale to his facades. The introduction and treatment of rustled 
in his portones is most masterly, freijuently uniting them with the J 
stringcourse of the pmno nohile. For his door and window ] 
dressings he stands unrivalled." 

It is too much the fashion of the day to underrate the value nf ' 
the study of Classic architecture and its revival under the great I 
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lulinn masters; some are for an extensive and nearly excliisive 
ation uf Medinval architecture, while others are for ft»rmin^ 
EioiulI style of our own, which should have the merit of 
: eofnelAin^ new/ The acute and strong- minded Foray th 
arka upon this point, ^^I do not indeed »dmire the philosophy 
frWch has lately hroken into architecture, nor the contempt so 
cted for Vitruvius. I would not subvert the authority of 
t nor be too severe upon the ancient superstitions of the 

I m. 1 iieir very antiquity, it it does not satisfy our reason, has a 
[ehann un the laucy^ and they lill up a space which our reverence 
llor what is old would make it difficult for a reformer to fill up 
re pleAsingly.** And with equal force has it been observed by 
^ihat most eloquent instructor of art, Sir Joshua Reynold^;, ^'Inven- 
tion is one of the greatest marks of genius; but if we consult 
ience, we shall find that it is by being conversant with the 
Btton of others that we learn to invent, as by reading the 
^ tits of others we learn to think.** 
In'these days we have every possible facility and inducement 
held out to us for the attainment of a thorough knowledge of our 
art. Upon the opening evening of our present Session, the Gothic 
ftrchitecture of Germany was graphically described and analysed 
bjr one of the first scholars of our times, the Master of Trinity 
t'ollege, Cambridge. Our Professor's chairs are filled by the most 
able instructors. We have excellent weekly and monthly publica* 
liiKis affording ujj both lictentifie and ]>ractical information. Our 
muieums are daily beinf^ enriched witli sculptured remains from 
the most ancient cities in the world. We have societies devoting 
tkeLr time and energies to the publication of architectural stores 
vliich have hitherto been confined to the few, and nearly unknown. 
Tie wonderful architecture of Southern India has been brought 
to OUT view and described and commented upon in this room with 
the most profound learning: while the Oxford graduate steps 
furward with all the advantages of sound scholarship, intellectual 
mind, and poetical imagination, to enlighten us wtth his *^ Seven 
I L&mps of Architecture.' 

My own impression is, that each different style has its distinct 
ind separate beauties and features, and it is not by a blind ad- 
keresce to one particular school for all purposes, but by a proper 
adaptation of the style we may select for the object to be attained, 
that we can command succeii^ij. 

I would not for one moment be supposed to detract in the 
slightest degree from the great merit of many of our rising archi- 
tects in the admirable designs and structures they produce in 
imitation of the ecclesiastical and domestic architecture of our 
forefsitbers, and the experience of the last ten years has proved to 
us that their success progresses with their knowledge and research. 
A similar persevering study of Italian examples would no doubt 
produce similar satisfactory results; and as the broach spire and 

»the porch of the thirteenth century may not possibly be found 
suitable for every street or square In the metrop*«lis, or in our pro- 
Tincial cities and towns, I should rejoice to see the studies of our 
voung architects also directed to the spires of our own immortal 
iFren, to the cupolas of Brunellesehi and Michael Angelo, and to 
the works of my favourite Giacomo Barozzlda Vignola. 

N.B. On referring to the several illustrations, Mr. A age II took 

occasion to acknowledge the ohligatic^u he was under to his 

|bn>ther ^lemhers, Mr. John Da vies, Mr. Charles Parish, Mr. 

Hdward Falkener, Mr. W. W. Deane, und Mr. }L Oliver; as also 

lo Mr. James Morant Lockyer, Mr. F. B« Newman, Mr. E. Frit- 

ehaid^ Mr. Arthur Hakewell, and to his own pupils, Mr. George 

Judge, Jan., and Mr. Henry Wood, for the vuluuble drawings, 

VetcbeM, and many points of interesting information they had 

I0orded him. Mr. Angell also ttnjk oc^^asion to refer to a plan of 

L'aprarola, belonging to Mr. Hard wick, made in 1778, by Mr. 

""■ tiaM llardwtck, his late father, and Air. Angell'smost esteemed 

er and worthy instructor. 
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R^marki made at the Meeting after the readififf qf the fortgoing Paper* 

Mr. Angi:i.l oq cooclading bii paper, baring been greeted with ooniide* 
rable ipfilau«ef 

Mr. Tin >aid he wai detirnui of putting lan^ua^e into those c!ieer«, and 
therefore he would move a vote of thinkt to Mr. Angell for hi» iniftrcsling 
and luccetsful pftfier, which waa equally complete ai a memoir of VignoU, 
and aa an illustraiion ni hia wnrks. He bad tried to find ciut if there were 
any cireurn»tances relative to Vignola which were not generally known, and 
he had dittcoirered, aa well aa Mr. Angell, that Vasari waa Jeatout of Vij^nola, 
for he faund very little about him under the bead Barozzi, and under that i}f 
Vignola nothing at all. The great bulk of the infarmation r^apecting 
Vignula in Vaiari was given inddentallj, and he broke off rather abruptly, 
saying he ihouM aay more about it in another platre, hut that other place 
««i nowhere to be diicovered. The atrugglei of Vignola to attain a pasU 
tiou were as retnaikable at the eminence which he tueceeded in achieving. 
The gradual and laborious steps by which he rose to eminence, tnd hii ulti* 
mate taceesa and diatinguished position, afard to young architects many an 
ii»efiil lesion of perseverance and hopefulness. Mr, Angell had early in life dis- 
covered the excellencies of hh favountc, and he hoped that now later in life he 
would give the Institute a little more of the Itnlian trchitects of the IBtlt 
century. He agreed with his friend fhat this architecture, as applicable to 
ecclesiastical purposes, bad of late been too much neglected. There wai» he 
admitted a great deal of beauty and fitness of purpose in mediaeval arcbitec 
ture. but admiration for that style might be carried too far, II might he 
considered an heretical opinion, but be believed that a church might be built 
for Protestant worship much better adapted for the purpose than many of 
the atrncturet recently erected, beautiful aUhotigh they undoubtedly were. 
He would say, let the latter be byilt, but do not let the Italian style be cast 
aalde. He knew that fashion possesaed Imperative lufluenrei, and that to 
live the architect must in some degree obey the tAste of the times ; but be 
honestly thoi^ght that the neglect of the Italian for the mediicval, if earned 
much further, would be a aertons evil. Even now English arcfailecti bad not 
progressed in their ecL-lesiasticAl buildings as they ought to have done. He 
hoped the elaborate and elegant essay they had just heard would revive in the 
minds of those present, — and he knew how much influence they exerdsed 
over the general taste of the community, — the study of Vignola. His obj»ct 
in rising was, however, to move that the ordinary compliment, offered in no 
ordinary sense, be given to his friend, is well as their sincere thanks for 
hftviog delivered so elegant, lo completCp and to useful a paper. 

Mr. IIardwick could not allow any other person to second the motion, 
for he bad bad the good fortune to be brought up in the same office with Mr. 
Angdl. They bad pursued their studies together, and when be saw the 
ipplicationr the zeal, the attention which bis friend eibibited, he felt confi. 
dent that aooner or later he would show great talent in his art. The paper 
Ibat had just been read showed that he was perfectly right in bis antictpa- 
tions ; for a more exquisite* a more charaiing essay on Italian architecture 
bad never been written. He bad visited many years ago the Caprbrula of 
Vignola, in bis opinion one of the most beantiful specimens of art in exist- 
ence. He entirely concorred in the hope thai this paper would bring back 
their stydents to a greater attention to the arebltecttire of Italy. The 
architecture of the middle agea was beautiful and ptctureaquei and in many 
instances reached sublimity ; but at Ibe aame time, some attention lo the 
ine architectural taste and genius exhibited in the works of Vignola, and 
other Italian architects were essential to the student. He hoped tvttY 
studenl present would allow the paper to make a due impression upon his 
mind, and that all of them would study the works of the Italian trchitects a 
little more than waa now the practice. 

The Chairman thought that yoong English architects would derive as 
much advantage from the study of Bramante and Vignola, aa Engll&h 
painters derived from the examination of the great works of Mkliaul 
Angelo and Titian, There was one expression which fell from Mr. Angell 
in bis paper, in reference to which be wished to say a word or two. Sir, 
Angell spoke of the Italian style, a phrase perfectfy jnstifiable by common 
parlance, but in his opinion extremely incorrect. The style of architecture 
in Italy was that which bad prevailed ever since architecture bad been 
eivdised by Greece, greatly mndilicd no doubt by political changes and social 
circomstancei, and altered by the necessities of the times, and by the 
extended scope of the science of construction. Still it was esaeotially the 
same style \ and it might be regarded (to take the mode of expression uied 
in natyrat history), as a species belonging tot genui, which coid prised Greek, 
Homan, Italian, and Modern architecture. 

Mr. CocKSRELL could not make up his mind to give a silent vote, although 
he would not repeat the compliments so due to Mr. Angell, which had been 
expressed by those, who had spoken for the whole sense of the Society. He 
jtnned in all those expressions of gratification, and also in Ibe hopes which 
bad been expressed for the reviviication of the old masters, dug OQt from the 
rentains of Italian architects as it were by this admirable paper, descriptive of 
one of those masters, not the least remarkable, interesting, and conspicuous 
in his career. He sincerely hoped Ibal the works of the other great Italian 
architects of Ibe IGtb century would be presented to them in a similar 
manner J and by a coraparauve study of these " great lamps** of architecture, 
they should be able to appreciate the peculiar secrets and motives of progress 
which the art bad made from BramaatCi with bis mmute, silvery, delicate 
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modes of building, down to tlie peculiarly ijininetrical ttmctnrtl idiom of 
RtffteUe. Tbey would tlien be Mf to tee bow from one mtf ter to tnotber what 
immente progreaa was made, and wberein wai the secret by which the 
peculiar heautiai of each were achieved. They saw by the admirable history 
which had just been read, how Vignola became an architect from being a 

Kiinter ; how be was a master of perspective because he was a modeller, 
eing a painter, he could amalpsniate things which had not hitherto 
lieen incorporated, and thus he achieved a wonderful degree of progress in 
his architecture. Ue would remark casually as an instance of what he meant, 
that Vignola was Uie first to effect a combination between the arch and the 
column, and bt united them in a manner altogether original, incorporating 
the keystone of the arch with the pilaster, so as to form one and the same 
atructuie. They all as good architects took care that it was so in fact ; but 
they must admit the high merit of the man, who first made such a juuction 
one of the beauties of architectural decoration. With regard to the great 
end of all proportion — magnitude — he apprehended Vignola attained that 
eicellenoe by very extraordinary means. It was done simply by the small- 
ness of his spertures. Indeed, the real magnitude waa not nearly so 
surprising as its apparent dimensions, and thus they had here revealed one of 
the great secrets of arcbitetrture, how by the contrivance of proportions great 
magnitude might be obtained. The effects of the study of Vignola upon 
French architecture was sppsrent ; the French confessed him to be their 
architectural saint, juit as Palladio was our saint ; and they had as great a 
number of beautiful translations of Vignola as we bad of Palladio. 
1'be vote of thanks waa then passed by acclamation. 



METEOROLOGY. 

Sib — Your readers will agree with me that an importance, hardly 
to be estimated, attaches to the laws regulating the atmosphere 
which supplies us with the means of existence, surrounds us at all 
tiroes, permeates our frame, and which conveys on wings unseen 
disease and death. Yet how few direct attention to the study of 
the phenomena of meteorology. Through the energetic exertions 
of James Glaisher, Esq., F.R.S., of the Royal Observatory, returns 
of observations, more or less elaborate, are obtained from between 
30 and 40 stations in Great Britain. Observers remark, for the 
most part three times in 24 hours, the state of the barometer — the 
thermometer — the clouds and the wind, and register the quantity 
of rain daily. Mr. Glaisher receives by the electric telegraph the 
state of the atmosphere, and the direction of the wind, from various 
stations along the principal lines of railway at 9 a.m. daily ; and 
from these data I have no doubt but that, in time, some valuable 
laws will be deduced in addition to those which he has already 
established. 

I am anxious that scientific men should direct their attention to 
the subject of meteorology ; aad that amateurs who have time at 
their disposal should record observations in their own localities. 
If I thought it would interest your readers, I should be happy to 
describe such instruments as are adapted to the purpose ; for, un> 
less these are good and worthy of reliance, the time of the 
observer will be wasted and his observations useless. 

I subjoin a table of certain meteorological results, from observa- 
tions taken in various parts of England : the comparison of these 
will not, I apprehend, be without interest. 

I am, &c, 

John Drew. 

H/outhampton^ Feb, 14M, 1850. 

Synoptical View qf the Meteorology of various placet in Enyland^for 1849. 
(Deduced from the Reglstrar.Geuenira Reports.) 

Mean Preaaure Temperature Number Degree of 

of dry Air, Mean of the of Daya on Amount Humi'ilty, 

re<luced to the Tempe- Dew- onwliSch CuU complete 

Level ralure. Point. Bafn F^U. lected. Saturation 

of the Sea. beioK 1. 

Guemaey .. 29 750 523 45-5 lff7 SC-5 *8I2 

ralrouuth .. 6I-.H — 188 44 5 — 

Exeter 29 742 Wi 417 LI 261 '808 

Greeiiwriih .. 2i)-6P2 498 48*2 153 23'd '802 

Ayleabiiry .. 29*622 49 2 42 8 157 27* -791 

So.iihaojpton 2!>'6 5lr6 46*7 139 83* -biff 

Derliy 29 7yi 47 4 428 193 28 5 -e^ 

Liverpool.... 29*670 49 41*9 ~ 30 5 >27 

9touy:.urat.. 29'6tf6 46'2 41*5 216 49*2 '850 

Newcaatle .. 29-61i 471 42*7 146 36 4 837 

[We shall feel obliged if Mr. Drew will favour us with a descrip- 
tion r»f such instruments as are adapted for the purpose, and we 
shall be happy to make our Journal the medium of such observa- 
tioiis 2.8 Mr. Drew suggests.] 



REPORT OF THE COMMISSIONERS 

APPOINTED 

TO INQUIRE INTO THE APPLICATION OP IRON 
TO RAILWAY STRUCTURES. 

Tlie Commissioners of Railways showed a rigilant anxiety for 
public safety and for the adrancement of scienoeL and greatly 
promoted both^ when in August, 1847, tbey obtained the appoint- 
roent of a Commission *^for the poqtose of inqoirin^ into the 
conditions to be obserred by Engineers in the application of Iron 
in Structures exposed to violent concussions and vibration." 

The result of the labours of this Commission are now before vt; 
and it is not too much to affirm that the present Report is almoet, 
if not altogether, the most valuable public document extant relating 
to the science of engineering. For some time past the note of 
preparation for this work has been heard: we hare had aceonnte of 
cabinet ministers being attracted by the magnitade and imoortanee 
of the experiments, to examine them. More recently, Frofeseor 
Willis has delighted a learned audience at Cambridge by the fa- 
cility and simpHcity with which he contrived to expltun the most 
difficult subject on which he has been engaged as a member of the 
Commission; and the memoirs read by Professor Stokes, before the 
same academic body, have shown that the highest powers of mathe- 
matical analysis have been brought to operate upf>n and generalise 
results of experiments — ^to analyse ana classify them — to group 
facts which were barren while isolated — to expand them, and give 
them the vitality — so to speak^^f general principlen. 

The right method of pursuing investigations or this kind ia this 
combination of theory and fact. The ^^practical man* ia afiraid 
of theory, and demands that all the rules for his guidance shall be 
deduced immediately from precedent alone. To this demand the 
simple reply is, that— desirable as it might be to comply with it — 
compliance is impossible. The requirements of actual railway 
construction are many and various — the means of experimenting 
few and restricted; so that, setting aside the question of expense, 
it would obviously be impracticable, in a reasonable duration of 
time, to furnish from observation a code of direct precedents for 
all the purposes of the engineer. 

On the other hand, where experiments are undertaken for the 
judicious purpose of aiding theory, they should be carried out on 
such a scale as to leave no suspicion that they are mere toy-expe- 
riments — amusing illustrations of science made easy; and with 
this reflection, we cannot but observe with regret, that in several 

{daces in the work before us apologies are m^e on account of the 
imitcd means at the disposal of the Commission. From the im- 
portance of the inquiry, and the gravity of the events in which it 
originated, the public had a right to demand that the reeearches 
should not be impeded by ill-timed parsimony. Compare the scale 
of experiments on Railway Bridges with those on Government Ship- 
building! or, to make a more direct comparison — contrast the scale 
of the government experiments on Girders with those relating to 
the Tubular Bridges! It would be curious to calculate how manv 
times the weight of metal in the magnificent model-tube experi- 
mented upon by Mr. Fairbairn at Millwall exceeded that of all the 
iron together employed in the researches of the CommiMion. 

One advantage has, however, sprung from the restrictions com- 
plained of: they have served to show the immeasurable value of 
accurate scientific knowledge, and its power of extracting truth 
under difficult circumstances. The edict had gone forth: there 
must be no expenditure of public money on large castings of iron — 
fiat experimmUum in corpare vili. But, notwithstanding, the Com- 
mission have succeeded in producing a body of sound invaluable 
information, as copious and accurate as was expected at their 
hands by those who anticipated that every facility would be 
afforded to them in the prosecution of their task. Unlearned 
investigators are apt to deduce from restricted experiments rules 
which will not bear the test of extended observation. In the 
present case, the happy combination of science and experimental 
skill displayed by Professors Willis and Stokes has averted this 
danger. However, it is important not only to deserve confidence, 
but to readily obtain it; and it is, therefore, much to be regretted 
that, if merely to satisfy the scruples of those who can only take 
facts just as tbey find them, more experiments on a large scale 
were not undertaken. 

The Report and accompanying documents are comprised in a 
thick folio volume, of the well known blue-book form: a second 
volume consists of plans and plates. The Report itself extends 
over comparatively few pages. The other papers are principally 
as follows: — Appendix A. Experiments on Impact upon Beams, and 
on the tensile, compressive and transverse strength of Iron; Appen- 
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I dix AA- Inquiries to supply data for the erection of the Tubular 
jBrid^vs; Appendix B. An £$say by Professi^r Willii*, on the 
i detection of Beams by travelling loads, with ressearcljea by Pro- 
Weitor StOKKs; Exneriments on the same subject, by t'aptain 
ijAMes And Lieut. Galton; also on statical pre&sure and ^^lowJy- 
linoviiig weights; Evidence bv eminent enfrineer«; Replies to circu- 
I lift tent to Iron-masters and Iron-founderg; &c. 

The plates in the second volume are illustrative of the neveral 
linds of eacperiments, and include elfvationi ami detaiU of a very 
w««rider»ble number of important railway bridgf»s. 

The Report commences with a notice of the contrariety of 
opimun^ respecting the effects of travelling weights on girders — • 
tome en^nneers think inif one-third, and awme no more than one- 
tenth the i»tatical breaking weiglit, the greate^^t lofid which the 
structures could safely bear. It is stated, that in the course of 
thif inquiry, it appeared "that the efferti* of heavy buditM moving 
•ith great velocity upon structures had never been made the sub- 
ject of direct scientihc invetitigiition," This may he true as regards 
^ublic.iiion before the comme^nrenievt of the iuijuiry iiy the Com- 
nti^ion ; but very shortly afterwards, and long before the publication 
of the firei^ent Volumes, the paper (which is noticed in it at page 
813^, by Professors Willis and StokeF, with approbation) **^on the 
DyoMmicJtl Deflection and Strain of Railway GirderK," appeared 
is the number of thin Juurnal for September, 18+8. 

in the experiinentss of the Comniiasion, velocity had considerable 
^eet in increasing deflection. It is, however, important to know 
Hiat the concluiiion is not extended to practice. The results of 
the inquiry thoroughly confirm the cunchisuin stated in thi^ Jonmof^ 
tbat in real railway girders the deflection is incouMerahitf increnacd 
ty the veJucit^ nf the irnn«H of n train. The reason that the experi- 
nenti apparently vitiiite this conclusinn is admirably elucidated by 
Professors Willig and Stokes*. For the present, it is sufficient to 
observe that the increase of deflection in the experiments arose 
hwn the smallness of the mass of the beams compared with that 
of thetr load 111, 

An apparent inaccuracy as to the history of the Laws of Elasticity 
occurs in Appendix A, given in another part of thi»4 Jmirmii* ;— 

** Dr. Hooke's law^ expressed by him in llie phrase ^ttt temth tih 
rif,* is not. perhaps^ accurately true in any material. Its deviation 
from troth in cast-iron, under every degree of strain, even the 
smallest, wan first shown !»y experiments made by the author, nud 
reported to the sixth volume of the Tratimctiomi of the British 
Aj6s*ici»tion for the Advancement of Science, In hiji sub?>eqiieiit 
rei^Archea on the elasticity of various materialK^ it was sijown that 
lhi« defect was considerable in stone nnd other crystalline bodies 
ied, and existed in a less degree in wrought-iron, steel, timber, 
ad laminated substances/' 

The inexactness of *''' Hooke's law" was shown about 100 years 
before any member of the Commission was born, and by no less a 
person than Jame» IJernouilli. in the Arta Erttditortim of Lei|iH:ic, 
1091, he inves investigatii»ns of the elastic curve— 1, {renerally 
then the elastic f*trces follow any law whatever; '2, when they 
ary as any power of the extension; 3, when they are directly 
Nirtiunal to the extension. The latter in vestigittion he prefaces 
iyiugt— 

^ TJie common hypothesis, as I have just said, Is, that the rrtrn- 
)imi9 are prujfyrthnal to the ttrvtihunjfttra'fty which was formerly 
Copied by the celebrated Leibnitz, in his most iugcniiius research 
specting ihe ReM^tanee of Sotifts ; and by myself in the present 
biect, before that I arrived «t the general constructiun *tf the 
oblem. 1 therefore consider it worth while to exphnn a little 
jiore particularly the nnture and properties of our Ctirvc on this 
liy|M?the>i8 ; althoiiixh 1 am wry unwilliug to ciMtteud for the pre- 
tise truth of this hypothesi!*, or of Any other, being pers^uaiied, 
^Bther, that no constant law of tensions is ofiserved in nature hut 
it differs according to the different texture of bodie?. This is 
ecn to be abundantly confirmed, both by my own and other pcr- 
iinii* experiments, of which a great part are industri^ously coliected 
the author, whom I have alr<^ady ccmimended [Francisctis Ter- 
■! de Lanis] in the above quoted treatise, Mayhierii uaturcr et 
r tis" 

» V .' niudo^niJ] ffl hrpothcflii f ilent^nne* ylribut len*1eiillbtn propoTtlrtfi- 

t»- » II oHm lerifebfrdmnB l>r. l^itinltlua In «cutl»»!nn vnii lucMbniikui»«di< 

1 iicWeiilMifm. Qaiprnpirr ojient pr«ilunt ottnttmo, iiMOirjim pt 

In hnc hyiiolhvtl p«iilo ■prclaliuB e-xponcrt^: qdunqunm i>m 

, -lent et pm ctij>i'^r« aUvrlua, vrHijiCf iniiUum mihiar* fitilim, 

ya»iiin |M,tin« jiniji-rii, niiaAoi coDAtoultcn t«nik»uum Ug^m Id naturn obteivurk, trJ 

> dWeTV* corporuni trUun difersam eKislvrr, id qnttd e^i^ejimenU turn nn^rrft, 

.^iirum, Bbunne ronflrmnrtr vidtr.itur, qaonim pTurlm* pratUii(la.<ui Aulhor luduAH. 

' lAMfiaitrU uatujce ei ft(U« " U»co dL revcucit,— p. 'i7U4» 



There seema no reastm to suppose that an exact mathematical 
law of elastic tension can exist, or that a law which expresses the 
extension by the first, or first and second, powers of the tension^ 
etin be otherwise than approximate* With respect to many forces 
existing in nature, there can be no such antecedent objection to 
an exact mathemiitical law< For central forces, such as the sun's 
attraction, we may readily suppose a priori that the law may be 
that of the inverse square, because if the attraction he supposed tu 
radiate into spuce, like light, the concentric spherical surfaces 
over which it is diffused vary in magnitude as the square of their 
radii. But with regard to the cohesive force of particles in con- 
tact, there can be no such regularity of operation. The tensile 
powers of a piece of istone or iron are affected by its heterogeneity, 
crystallisation, lamination, porosity, chemical affinities, tempera- 
ture, &c. Now, in discovering a law of tension from experiment, 
all these irregularities are " lumped" together, and we strike an 
average o( their effects. 

If, as in some of the experiments before us, twenty different 
weights be applied to stretch in different degrees the same rod, a 
theoretical law involving first and second powers only, will slightly 
disagree with each of the twenty ex peri men t^J results. We must, 
therefore, suppose either the law or the experiments, or both, ti> 
be inexact, l/ the experiments exhibited perfect accuracy (though 
this is never attainairle), the law must not stop at the second 
power, but be continued to the twentieth; for there will be twenty 
equations to determine twenty unknown qurmtities — namely, the 
co-efficients of the twenty powers. A ft^rmula involving the fir»t 
f«»ur powers is given in a note, page IIJ. 

W^e observe with pleasure a notice of the efficient assistance 
which .Mr* Tredgohl, son of the hite celebrated writer of the *Trea- 
tise on the Steam-Engine,' rendered in the coutse of this experi- 
mental inquiry. In addition to a great amount of numerical 
computation and experimental observjition, he prepared severtl 
excellent drawings illustrative of the experiments, and appearing 
with his name in the second volume. 

It will be remembered, that sfnne surprise was occasioned by the 
public^ition in the recent edition of Dr. Gregory's * Mechanics 
for Practical Men,' of the results of some experiments giving 
higher values for the tensile stren^jth of cast-iron than have been 
hitherto generally ad^qded. Thin subject has been iigain referred 
to careful *»bservation; and an explanation, which seems c**r re ct, is 
given of the too high values of the tensile strength obtained by 
Mr, Thomas Culntt — Jiamely, that he used a hydraulic press to test 
the iron, ajid that this machine is apt to give exaggerated results. 
Experiments have also been made, to determine whether the ten- 
sile strength be greater for cruciform than for circular or rect- 
angular sections of t lie rod. It appears that the strength per square 
indi of section is a little (hut <>nlya little) stronger for the cruci- 
f4*nn section, the excess of strength being attributed to the metal 
being hanler in the thinner sections than others. We tnay here 
remark, that for a similar reason the strength per square inch, of 
circular sections for example, is probably some\* hat affected by the 
magnitude of the stK'tion. On account of irregularities of casting 
and cooling, it is probable that a circuLr rod i square inches in 
area, would not be exactly twice as strongj as & amilar rod of 2 
square inches area. 

t>nly one beam exceeding 1.5 feet in length nppears to have becr» 
used; and this was supplied not by government, but by priv»tc 
persons. It was 4-8 feet long; and one of seveiai girders ui- 
tended for a bridge across the river Irwtdl. Lieutenant Galton, 
the indefatigable secretary of the Comniissionj assisted at thru 
experiment. 

In order to notice all the statinal experiments together^ we pro- 
ceed to refer to experiments by transverse pressure on rectangiihu 
beams, made by Cajitaiu James at Fortsmoutlu The most remark- 
able of these experiments were on f-inch bars ptaned out of the 
ceiitrett of 2'ifi*h square uinf j-inrh >fqHtire bam. 

These experiments, like the precetling, show that the deflection 
increases from the commenceroent of each ex|crinient somewhj.t 
more rapidly thfiu in proportion to the transverse pressure. Expe- 
riments were also made by means of the hydraulic press on tlie 
effect of tension bars attached along the uuder sides of the bottom 
flange of cast-iron girders. The mean of several experiments on 
girders 9 feet between the supports, guve the trenkiiig weight 
with tlie tension bar riither greuter than witiiout it; and similar 
results were obtnined fnmi girders with the upper flange arched. 
Tliese cxperiu^ents were not, however, ftdlowtd out (fn^m " want 
of time and UmUid tutan^" again 1) so far as was deemed desiruhle. 

Our notice of other parts of the inqu ry we re^jerve fur future 
consideration. 
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^B APPENDIX (A) TO REPORT ON IRON. 

^^^^K B7 Eaton Hoi>GiLiNfioir, Esq. F.R.S. 

^^^^^^ The following series of e^erimeDU wa« conducted by the author, 
W j>ftrtly in London, and partly in Manchester. The description and 

1^ laUular results of the whole are given in this Appendix, with such 
^^K general conclusions from them, as the limited period of the time 
^^B* of preparing the results for the press permitted* 
^^^ In accordance with the instructions under which the Commis^ 

sioners acted, the experiments were directed principally (though 
not wholly) to determine the effects of impjicts and vihratitins 
ui>on iron. Several distinct classes of experiments have therefore 
heen undertaken, ftir the pur|K)se of exhibiting the properties of 
cast-iron, in particular, wlien subjected to diiferent mechanical 
testJ^ and the numertms tables appended will show the extent and 
variety of these inquiries. 

An extensive experimental inquiry, not vet published,* had been 
recently concluded by the author, of w^ich the object was to 
determine the mechanical conditions to be observed, in the ct>n- 
structitm of the tubular bridges across the Menai Straits and the 
Conway. 

Among other results, it was ascertained that a great saving of 
metal for an assigned degree of strength might be effected by 
employing cast iron longitudinal ribs in the top of wrought-iron 
tubes. It seemed, therefore, ver>* desirable to ascertain for the 
purpose of this Commission, whether, and in what manner, the 
combination of wrought and cast*iron might be advantageous in 
trussed girder bridges. For such experiments, peculiar facilities 
existed, as they might have been made with apparatus of a very 
complete and costly description, which had heen constructed for 
former experiments on the strength of materialsj and much 
extended for those on tubular bridges. 

Of the latter, some of the models experimented upon were large, 
and varied in weight from three to seven tons» Had experiments 
on trussed girders of half that weight at least, been made, it is 
probable that valuable conclusions, directly applicable to the prac- 
tice of engineering, might have been obtained. The expense 
attendant on such experiments would, however, have been great, 
and the limited extent of the grant to the Commission, rendered 
it necessary to confine the inquines to those subjects on which 
A knowled|«:e of fundamental principles was most required. It 
became then a matter of careful consideration to devise the 
expenments in such a manner that their practical utility might be 
as little as possible affected by tbe restriction referred to as the 
scale of the experiments did not always permit direct and imme- 
diate comparisoa, with the actual practice of railway conistruction* 
The experiments were therefore conducted, so as to obtain 
principally thoi<e scientilic data, which appear to be most zequired 
for completing the mechanical theory of ehistic beams. 

Dffcet of Eyitifticittf, 
. In any general investigation of the properties of elastic beams, 
the powers of the material to resist direct tension and cnmpr^aioti 
are necessary dnta. If a beam be in any manner bent, its concave 
side will be c+mipreissed, and its convex side extended. The mnte- 
rial is, consequently, sulijected to both tensile ami comprei^sive 
forces; of which, therefore, an exact knowledge must pre*:ede any 
accurate general theory of the laws of deflection, vibration, and 
runture. 

The lonsritudinal compression and extension of iron within 
certain limits are usually assumed to be directly proportional to 
tlic cxterBal forces by which they are respectively produced. The 
law is known by the name of Doetor Htioke, the fir.it proposer of 
it, and has generally been made the basis of mathctiuiticrd investi- 
gations respecting the deflection and strength of loaded beams. 

Doctor 11 00k e*s I ?iw, expressed by hira in the phrase "«f tenMo 
9ie vis^** is not, perhaps^ accurately true in any material. Its 
deviation from truth in cast-iron, under every degree of strain, 
even the smallest, was first shown by experiments made by the 
author, and reported in the sixth volume of the Tmumictkm^ of 
the British Association for the Advancement of SL^ieiiee, In his 
subsequent researches on the ehisticity of various materials, it 
was shown that this drfeet was considerable in stone, and other 
crystalline bodies tried; and existed inn less degree inwrought- 
iron, steel, timber, and laminated substances. 

It is a necensary consequence of the ordinary law of elasticity 
that the deflection of a horizontal beam by a vertical pressure 
should be directly proportional to that pressure. This conclusion, 

* Tbt mrh here mroiloiicd ftppcftn Im tbc Rtpoti, nodor tl>t dettgiMUoa of Appetu 
dU AA. 
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as might he expected, does not, however, coincide with experimeoti 
on beams of those materials, of which the elasticity has beenabov^ 
stated to differ considerably from that assigned by Doctor Hooke'l 
law. 

As the law of elasticity constitutes the very basis of all sonn^ 
knowledge of the statical and dynamical properties of girders, thi 
revjsiiin of that law, with retipeL't to cast-iron at least, became, la 
the author's opinion, an indispensable requisite in the pre^enl 
inquiry, lie, therefore, obtained liberty to make some experiment! 
on the extension and c^Jm^ression of rods of iron, in order to 
deduce from them, if possible, the general relations between the 
weights and the changes of length produced 

To numerous experiments respecting impacts, Qocupying $7 
tables, and to others made to determine the direct tensile and 
crushing strength of irons, not previously tried — ^besides some of 
smaller magnitude — the following experiments are added: — - 

Ist. To determine with precision the direct longitudinal exteti* 
aions and compressions of long bars of caet and wrought-iron, by 
weights varied by equal increments, up to that producing, or nearly 
producing? fracture 

9nd. To ac^ek for general formulw, connecting the weights witli 
the corresponding longitudinal tensions and compressions of cast 
iron, and likewise, if practicable, with the ^'seta,** or permanent 
alterations of the length of the rods remaining after the removal 
of the external forcess: in order that the former may be directly 
applied to the determination of the aituation of the neutral line, 
and the strength of cast-iron beams of every form of section. 

3rd. To determine with equal precision, the deflection of hori- 
Kontal bars produced by various transverse pressures, and to) 
compare the effects with those produced by impacts. 

4th. To seek for ireneral formulas connecting the transveria! 
pressure, the deflection, and the set remaining after the pressors 
was removed 

The great defect of elasticity of cast-iron, and particularly at 
compared with that of wrought, may be rendered very obvious bjf 
the results of the experiments on each of the irons, with respect 
to extension, compression, and transverse flexure. 

The theone-* in common U:*e, at the present time, proceed on the 
sni»positioii, that bodie-? strained are perfectly elastic; and there* 
fore the extensions, compressions, and transverse Hexures aro 
assumed to be, within certain limits, as the forces nroducing them* 
Thus, w ^ the weight applied to stretch a body, and e = tha' 

extension produced by that weight, the ratio - ought to be oon-« 

stant with different weights laid on the same bar, and it will be' 
found much more nearly so in wrought-iron, than in cast, but in 
neither strictly so. If, in like manner, m?* be the weight applied to< 
compress a bar, and d the decrement of length it has sustained^ 

~-^ ought to be constant, but there will be a falling off, analogous !< 

the last, in cast-iron oarticularly. In the transverse fiexurea a! 
burs, if (^^ represent the weight laid on, and d the deflection pro« 

dueed, .- ought to be constant, but the falling off will he as la thi 

preceding 

Formula? Jbr tJ^e Reaiatanee of Bar^ to Horizontal Impact. 

In an experimental inquiry by the author, iuto the power o| 
beams to mistain impact from a body ^trikiii',^ them horizontally, 091 
falling directly upon them, it wai* shown that if blows of the samftj 
magnitude were given upon the middle of a beam, either by elaatiql 
or inelastic bodies of the same weight, the same effect would M 
produced. The striking body appears to proceed with the bearj 
after impact, as if they were one mass. — (5th Report of the Britlsiy 
Association, ltt.35,) 

In the inquiry above, formula? were deduced according to theaiq 
conclusions, biith for horizontal and vertic»l impacts, taking intO^ 
couHideration the effect of the weight or inertia of the body struckJ 

FormulEP for horizontal hnpacts are comparatively simple, &nm 
that given bebjw is the SJitoe as that of Tredgold. — (£ssay oa thd 
Strength of Iron, Art. 302.) j 

where w =. the weight of the striking body, h ^ the height due lii 
the velocity of the impact, p= a pressure which applied gradually 
to the middle of the beam, would bend it to an extent equal to thnl 
produced by the impact e := the deflection caused by that prea 
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lore, and w ^ n weight equivalent to the resistance of the beam, 
^m its inertia. 

If the resintance of the body struck had been uniform, the right 
tide of the equation would have been twice as ^eat, or p e; but in 
i beani^ the resistance to flexure is nothing in the commencement^ 
txid it increases in proportion to the flexure* 

The [irecedin^ formula i^ves the impact, in terms of the height 
fallen through l)y the hall or striking body ; Ijut, in the experi- 
mentS) the deflections are given in terme of the chonl of the arc of 
hnpact, and the following formula would represent them. 






r ^^ 

m 
ra 
oi 
tb 

ft 



ibera d = the deflection of the beam, c = the chord of the arc, r 
:^ihe radius, from the point of sus^penmon to the centre of the 
ball, p ^ any pressure applied to hend the beam, e =^ the deflec- 
thin caused by that pressure, and the re^it as before. 

The value of tp depends upon tht* wei^^ht of the beam, and as a 
metiii^ it may he taken at one half of the weight of the beam 
between the support**, as wag shown by the experiments in the 
Report above-mentioned. 

Ohjeetf of the Tabk* of EjrpeHfiients^ tnih some of the Remits 
nrnved at. 
Taiifih a nd Crnsh ing St rengtk of Cmi - Iron . — Ta hie s L t o V, Th ese 
experiments were made to ascertain the direct tensnile and crushing 
fitrengtha of several den'iminations of cast-iron in common use, 
but of which these properties had not been at all determined, or 
tery imperfectly. The irons of which the tensile force was deter* 
mined^ wen? 17, and the crushing force of all these Irons was also 
obtained, — (See Ab^ract, No, I.) 

TranrerJte Pressure o« Bars^ very long and flexible, — Table* I. to 
VI, contain results on the tranxrerae strength and resistance tvt very 
thin flexible bars^ by forces acting horizontally, the ends uf the bars 
being suppi>rted on friction rolleri*. The experiments were made 
loe^ihibit very fully tlie deflection a and sets of cast-iron, and the 
rfefect of its elatsticity; in order to throw light on the grcEit devia- 
tiium in this metal, from comput^itions according to the tbeorien in 
common use; and to exrplaiu anomalies in some of the results of 
the other parts of this inquiry. Thus, by showing that defect of 
da^tticitify the cause of these anomalies, irfia nmrfy as tin? j^fjuare of 
the deflection^ it was rendered probable that the value of tlie weight 
might be expressed in terms of the difference between the 1st and 
Sua powers of the deflection, instead of the 1st power alone, on 
which it had been assumed by previous authors to depend. This 
beini^ tried, was found to give rei!5uU8 dilfering hut little from 
those of the experiments, as may be seen by turning to the tables. 
Formulae for the weights and sets, in terms of deflections, were 
obtained. 

Long-eon thmed Impact upon Bars of Cast-Iran, — Tables I to IV. 
are on the efl'ects of i*iHg-vontittued impact , applied horizontidly, 
upon the middle of the beams, to ascertain to what degree beams 
ur beam bridges might he sueceiy«ive!y deflected, by impacts and 
vibrations, to resist fracture for any length of time/ As an abstract 
of the results of these experiments is given, they will not he fur- 
ther noticed here, except to mention that His sturreig safe tn Lend 
htatns e<tnst(trttlg to one-third of their ultimate deflection^ and that 
thejf ought nut to be loaded to more than one-st^th of their breaking 
Wight laid on rapid! if, — ^(See Abstract, No. II.) 

HortJfontal ImjMict u])on Bnrs of Cast- Iron, — Tables I. to III* 
ihow that bars of various forms of section, but of equal weight, 
jffer the same resistance to impact when struck by the same ball. 
'"liusa bar 6 X 1^ inches in section, placed on supports 13 feet H 
lohes asunder, required the lame magnitude of blows to break it 
in tlie middle, whether it was struck on the broad side or the iiar* 
row one; and these blows were required tu break a bar, the section 
of which was 3X3 and the length the same. The main object of 
these experiment was to furnish data for a correct theory of the 
fe*i sting power of bars to impact.— (See Abstract, No. III.) 

Imp*iet mi Bars of Wrought- Iron, — Another co arse of experiments 
as tried, to ascertain the effects of horizontal impacts upon bars of 
wrought'iron, to compare together the results from pressure and 
Impact, ajid to obtain the resistance of the bar from its own weight. 
In these the deflections produced by a ball suspended with a con- 
ttant radius, were nearly as the chord of the arc through which it 
raa allowed to fall, to strike the beam at the bottom of the arc. 
n other words the deflection *f the beam was nearfu as tfie vehdtg of 
impact^ since the velocity varies as the arc. The deflection in cast- 
iron bans is greater than in proportion to the velocity. 




Vertical ImfHirt on Loaded Bars. — On the effect of vertical 
impacts on loaded bars of cast-^iron. 

These experimejits show, that beams loaded to a certain degree, 
with weights attached to them, and spread over their whoh^ lt*ngth, 
so as not to urevent the flexure of the beam, resisted greater 
impacts from the same body falling on them, than when the beams 
were unloaded, in the ratio of 2 to h For other particulars, and 
a property connecting the velocities of Impact and deflections, 
see Abstract, No. IV. 

On tlie Extension of Cast-iron Bars, — The experiments of this 
class were made on bars one inch area of section nearly, and 50 feet 
long. They were suspended vertically from the top of a high 
building, and had weignts attached to the bottom; the weights wtre 
varied by small increments, until the bar broke; the extension ajid 
set, with every change of weight, were obtained with great car^. 
The results being afterwards reduced to what they would liavu 
been, if the length had been ID feet, ajid the area of a section 1 
square inch. 

From these^ formula! were obtained connecting the weights with 
the extensions. 

On the Compression of Cast-Iron Bars. — ^Tables L to VI. contain 
results of experiments on the compressions of bars of the same 
irons, 10 feet long and 1 inch square; together with formulie con- 
necting the weights and the compressions produced by them. 

The results, both of extension and compression of cast*iron, have 
been adapted to any length i at pleasure, in order that they might 
be applied to determining the transverse strength of a beam of catt- 
iron, on more correct principles than thos*e hitherto used, and they 
have also been adapted to the formulee for the strength of bean«s 
given iu a work formerly published by the author, entitled, ' Expe- 
rimental Researches on the Strength and other Propertieti of Ca«t- 
Iron.' — (See Abstract, No. V,) 

On the Cfmipression of Short Cylinders of Cast-Iron of Varionn 
Kinds, — These experiments contain the decrements in parts of the 
length, with different weights, up to the crushing weight. 

Transverse Strength of Burs and Beams. — Tables I. to X. are on 
the transverse strength of square bars of Blaenavon Iron, No. % 
of which the lengths were 15 feet, 10 feet, and S feet, and the sides 
of the equate 3, 2, I inches respectively; with some other bars of 
different kinds of iron. — (See Abstract, No. Vl,} 

Table XL The experiment in this Table, is on the strength of 
a large beam of cast-iron, the distance between the supports of 
which was 45 feet, and the depth 28^ inches; the breaking weight 
being 51 tons nearly. 

The great labour of an inquiry of this nature, both in making 
the experiments and in adapting them to their intended purpose, 
requires the union of much time and many hands; and the author 
has great pleasure in acknowledging the efficient services derived 
from one who has been engaged in the matter nearly from the 
commencement, Mr. Thomas Tredgold, tlie son of the late eminent 
writer on these subjects. 

Abstract No. L 
Tensile and Cbisuino Stbekoth of Cast-Ikon* 
Results op Kxperoiknt>i to determine the ultimate Tensile and Omi^ 
prcsmw^ or Crnnhing Forces^ of various denrnninathns of Cast-iron 
in iXfmmon use; tl^ese qttalities not huvifig been previouslg obtained i/t 
the Iron^ tried. 

The experiments are given at large in Tables L, IV., and V, la 
obtaining the tensile strength in Table 1. the form of the castings 
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was that of a cross; or that which had been employed in all thf* 
published experiments of the author. And to show that this was 
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as good, if not better than other forma, beridet being, as believed, 
less liable to theoretical objections than others, experiments were 
made upon castings with rectangular and circular sections. These 
experiments are in Table 11^ and the results from the cruciform 
section were in all the sound castings somewhat higher than those 
from the other sections. 

In Table I. the specific gravities of 17 kinds of iron are given; 
they are obtained both from the thickest and the thinnest parU of 
the castings torn asunder. 



Dcocriptkm of the Iron. 



Low Moor (No. 1) 

Low If oor (No. 3) 

Cljde(No.l) 

Clyde (No. 2) 

Clyde (No. «) 

Blaei»TOD(No. 1) 

BlaraavoQ (No. 2, flrati 
■ample) J 

B'a^fMvno (No. 2, second^ 
•omple) / 

Calder(No.l) 

Coltoc«e(No 3) 

Brymbo(No. 1) 

Brymbo (No. 3) 

BowUnff Iron (No ?) 

Yttalyfen, anthracite (No. 2; 
Ynfecedwyn, anthracite, (1) 

Yoleccdwyn, anthracite, (2; 

Ifr. Iforriet SHrllng*t. de> \ 
nominated 2nd quality . . / 

Mr. Morriei Stirling's, de- \ 
nominated 8rd quality.. / 



Tensile 

Streofth per 

square loch of 

Section. 


II 

II 


lb. tons. 


In. 


l2S»4or 5*4167 


1 


15458 or 6 901 


if 


16125 or 7 198 


.J 


17807 or 7-949 


.1 


28468 or 10-477 


.! 


IS9S8or 6222 


1 

U 


16724 or 7-466 


.J 


14291 or 6-380 


1 


13735 or 61:1 


.1 


15278 or 6-820 


.1 


14426 or 6-4iO 


ij 


15508 or 6-928 


1 


13511 or 6*032 


.1 


14511 or 6 478 


.1 


13052 or 6-:28 


4 


13348 or 5-959 


4 


25764 or 11-502 


.1 


23461 or 10 474 


.1 



Craahinf 

Strength per 

■qnara Inrn of 

Section. 



Ih. tool. 

64534 or 28-800 
5ft445or25198 

99&25 or 44-430 
92322 or 41*219 

9S869or4l*459 
88741 or 89-616 

109992 or 49*103 
102080 or 45*549 

107197 or 47*855 
104881 or 46 821 

90860 or 40*562 
80561 or 35-964 

117605 or 52 502 
102408 oi 45*717 

68559 or 30 606 
68532 or 80-594 

72193 or 32*229 
75983 or 83-921 

100180 or 44 723 
101881 or 45*460 

74815 or .^399 
75678 or 38*784 

76lS3or33 988 
76958 or 34 356 

76182 or 33*987 
73984 or 88028 

99926 or 44*610 
9^559 or 42 C60 

83509 or 37-281 
7»659or35 115 

77124 or 34-43A 
75369 or 83-646 

125383 or 55*952 
119457 or 53-329 

iri8653 or 70*827 
I»876or57-9b0 



Batloof the 
Powera to Resist 

Tension 
and Cooiprceoion. 



1:5*084 
I : 4*446 

1 I 6*438 
1 : 5*978 

1 : 5*759 
i:5*50J 

1:6177 
1 : 5-729 

1 : 4*568 
1:4*469 

1 : 6-519 
1 : 5*780 

1 : 7-032 
1 : 6123 

I : 4-797 
1 : 4*796 

1 : 5-?56 
1:5-532 

I : 6-557 
1 : 6 6o5 

I : 51'^ 
1:5-246 

1:4-909 
l:4-9»» 

I : 5-63.% 
1 : 5-476 

1 : 6 88r. 
1:6 5-5 

1:5-985 
1 : 5-630 

1 : 5-778 
1 : 5 64-i 

1 : 4*Wi 
I : 4*637 

1 : 6 762 
1 : 5-536 



Mean. 
1:4765 

1x6-205 

1 : 5-631 

1:5993 

1 : 4-518 

1 : 6-149 

1 : 0-577 

I . 4*796 

1:5*394 

1:6-611 

1 : 5 216 

1 : 4*936 

\ : 5*555 

1 :V785 

1 : 5-811 

1 : 5*712 

1 : 4*751 

1 : 6149 



Abstract No. II. — Collisions and Vibrations. 
Potcer of Beams of Cast-iron to sustain long-continued Impact, 
The effect of impact and vibration upon structures, was a lead- 
ing object of inquiiy with the Commission; and the nrst series of 
experiments instituted upon this subject was, to determine the 
power of beams to sustain impacts many times repeated. For this 
purpose, 16 bars were cast, all from Blaenavon Iron, No. 9, and 
five at least of the 16 were found to be slightly defective at some 
place where they gave way. Whether these small defects were 
more numerous than would be found in practice, it would be diffi- 
cult to determine. 

Six of the bars were each 15 feet long and 3 inches square, and 

f>laced on supports 13 ft. 6 in. asunder; seven were each 10 feet 
ong and 2 inches square, and 9 feet between the supports; and 
three were each 6 feet long, 1 inch square, and 4^ feet between the 
supports. Of these bars, six were bent through ^rd of their ulti- 
mate deflection at each blow, and "Rve of them bore each 4000 
blows without breaking; the sixth was broken at a flaw with 1085 
blows. One large bar, bent by impact through -f^ths of its ulti- 
mate deflection, was broken at a defective place with 1350 blows. 

Of six bars bent by blows through half tneir ultimate deflection, 

five were broken with less than 4000 blows each; one with 29; one 

with 127. &c. The only bar which bore the 4000 blows was one of 

the smallest kind, or 1 inch square. 

Of three bars, one bent to -^ths, and two to |rds the ultimate 



deflection; all were broken; the two latter with 127 and 474 ^iloiii 
respectively: the former required 3700 blows to break it. 

Of ten bars of Low Moor Iron No. 2, each 10 feet Ions' and 9 
inches square, placed on supports 9 feet asunder, and strudE in tlit 
middle with long-continued impact, as before, four broke at d*» 
fective places, and two at sound ones. Three were subjected Xm 
impacts, bending them through ^rd of their ultimate deflectionii' 
and bore the test without fracture; of three bent by blows throng^ 
half their ultimate deflection, two were broken; those bent throng 
§rds were all broken. 

On the whole, it appears that no bar but oneu and that a smalt 
one, stood 4000 blows, each bending it througn half its ultimate 
deflection; but iJl the bars, when sound, stood that number of 
blows, each bendinff them turough ^rd their ultimate deflectioa. 



It must, however, be borne in mind that a cast-iron bar will be 
bent to ^rd of its ultimate deflection with less than ^rd of its 
breaking weight laid on gradually; and ^th of the breaking weight 
laid on at once, would produce the same effect, if the weight of 
the bar was very small compared with the weight laid on it. 
Hence the prudence of always making beams capable of bearing 
more than six times the greatest weight which will be laid upon 
them. 
Tbansvebse Strength to resisi Umg-^onHnued Impact from BaBs 

striking hobizontally against the middle qf Bars^ the Bails aetin§ 

as Pendulums with a radius (r) qf 17 h, 6 in. 

The bars were cast of three sizes— viz.: 15 feet long and 3 inches 
square; 10 feet long and 2 inches square; and 5 feet long and 1 inch 
square. A thin piece of lead, varying from 2 lb. to 4 lb. weight, 
was generally attached to the side of the bar where struck, to pre- 
vent injury to its surface by the impact. 

Sixteen Bars of Blesnawm Iron No, 2. 



Dtatance 


Side 

of Sqoart 

of Bar, 

oearly. 


WelRbt Qf 


A»tlfii«l 
Deflection io 


Number of 
B*ovt 

five • to the 
Bmr. 




between tbt 
SupporU. 


StrtkiDf 


termt of 
the ulUmate 
Drflectlon.* 


RifecConBAr 




iDchei. 


lb. 










8 


161i 
lAli 


i 


10f>5 


BrolKB.t 




a 


i 


4000 


Not brokeft. 


II ft. 6 In. < 


3 


603 


* 


4000 


Not broken. 




8 


tm 


A 


1^ 


Bn>ken.t 




8 


15U 


J 


127 


Broken. 




8 


604 


8026 


Brokm. 




3 


7ik 




4000 






2 


6i*3 


40<>0 






2 


7H 


• 


29 


Brokcn.f 


9 feet. 


2 


754 




12S2 


BrokOTi.t 




9 


608 




86116 


Brokeii.t 




2 


764 




127 


Broken. 




2 


608 




474 


Broken. 


r 


1 


75* 
7A 


t 


4000 


Not brakes. 


4 ft. 6 Id. 


I 


4000 


Not broken. 


^ 


1 


75 


A 


8700 


Brokco.t 



• The ulUmate deflection was obtained (torn the BxperlmcnU on Transreree Prcaaore. 
t Bar* tllghtly defective. 

Ten Bars qf Low Moor Iron, and one qf a mixture qf Wrought 

and Cast Iron, 

These bars were cast to be 10 feet long and 2 inches square; they 

were placed on supports 9 feet asunder. The radius {r\ of the 

pendulum was 17*208 feet when the weight of the striking ball was 

603 lb.; and 18*208 feet when the weight of the striking ball was 

15lilb. 







Anifoed 






side of 


Wj^h. 


Deflection In 


Number of 




Square of Bar 


terms of 


Blow* given to 


BflbctOB Bar. 


Dearly. 


Striking BaU. 


the ultimate 
DeflecUou. 


the Bar. 




Inches. 


lb. 










603 






4000 






6U3 






4000 


Not broken. 




^03 


{ 




608 


Broken.! 




608 






I8i 


Broken.t 




608 






176 


Bruken. 




6M 






70 


Broken. • 




i:.l; 






4*10 


Not broken. 




161: 






400 


Not broken. 




151; 






102 


Broken. 4 


9 


151: 






86 


Broken. 


2 


608 






8720 


Broken.* 



1 SHgtatiy defective on one sMe 

s Bather defective on the convex side. 

• Slight defect or discolouration on the convex sldew 

4 The bar broke aboot 84 Inches from the centre, where there wat ■ defect oa the c 
ex side, ^ Inch area. 

• Allsiure of wroufht and cast Iron. 
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Remarks <m aame of the leading Results in the foregoing Abstract, 

let. The bars in Tables I^ IL, and III. were of the same sec- 
tional area, length, and weight nearly, but differed in the form of 
their transverse section. They were placed on supports at the 
same distance (13^ feet) asunder, and struck horizontally by the 
same ball, 603 lb. weight, suspended by a radius of 17 ft. 6 in. 
From the results given it appears that tne beam, 3 in. square, and 
the rectangular beams, 6 X 1^ in. sections, struck on the broader 
and narrower sides respectively, had all very nearly the same 
strength to resist impact. The conclusions are drawn from a mean 
between two experiments in each case. In Table XV. six bars, 
each 2X1 inch section, and 6 ft. long, were laid on supports 4^ ft. 
asunder, and all struck by the same ball 75i lb. weight, with arcs 
of a radius 17 ft. 6 in. Three of them were struck on the broader 
and three on the narrower sides, and their mean chords of impact 
to produce fracture were 70 in. and 71*67 in. respectively, or nearly 
the same, agreeing with the results of the experiments upon the 
former bars. 

2nd. In Table IV. the bars were of the same dimensions in sec- 
tion as those in Table I., or 3 in. square, but the distance between 
the supports was reduced one-half. The resulting breaking deflec- 
tion. 1 *23 in., was somewhat greater than one-tourth of that in 
Table L, or 4*875 in. and the vertical descent to produce fracture 
was nearly one-half, but rather more, the depth fallen through in 
the two cases being *639 in. and 1*238 in. Comparing, in like 
manner, the half and whole bars in Tables V. and II., the depths 
are *5521 in. and 1*2071 in. respectively. This result, coupled with 
the former one, shows that the depth fallen through to break the 
half bar is nearly half of that required to break the whole one. 
Comparing the results in Tables VI II. and XII., and also Tables 
X. and XIII., it appears also that a bar of half the length of another 
resists with nearly half the energy, but somewhat more. 

Srd. The experiments in Tables I., II., III., IV., and V. afford 
illustrations of some of the conclusions in the large generalisation 
of Dr. Young, deduced from neglecting the inertia of the beam. 
(Nat, PhiL, Lecture XIII,) " 1 he resilience of a prismatic beam, 
resisting a transverse impulse, follows a law very different from 
that which determines its strength, for it is simply proportional to 
the bulk or weight of the beam, whether it be shorter or longer, 
narrower or wider, shallower or deeper, solid or hollow. Thus, a 
beam 10 ft. long will support but half as great a pressure without 
breaking as a beam of the same breadth and depth which is only 
5 ft. in length; but it will bear the impulse oi a double weight 



striking against it with a given velocity, and will require that a 
given body should fall from a double height in order to break 
It." 

4th. The experiments in Table VI. were made to compare the 
effects of striiking a bar midway between the centre and one sop- 
port with those of striking similar bars at the centre, as in Table 
IV. The great impacts, so near to the support in these cases, 
would necessarily cause it to yield slightly, and thus increase the 
resisting powers of the bars to sustain impact. In experiments 
made by the author several years ago, given in the Fifth Report of 
the British Association, page 112, on bars 1 in. square— some ilb- 
jected to impacts in the middle, and others at naif the distance 
between the middle and one support — ^the chord of impact neces- 
sary to produce fracture was nearly equal in the two cases. The 
ratio of the deflections, from equal impacts at the middle and at 
one-fourth span, was nearly constant under different increasing 
degrees of impact; the deflections at the middle from equal im- 
pacts being to those at one-fourth span, as 10 : 7 nearly. The 
relative ultimate deflections of the beam in the middle, and at a 
point hidf way between the middle and one end, ought to be as 
10 : 7*5 nearly. 

5th. The bars in Tables VIII., IX., and X. were all of the same 
iron and size, and the only difference was in the weights of the 
striking balls. The distances fallen through, and the work done 
by the balls to produce fracture, being respectively '3159 and 
190*488 with the 603 lb. ball; 1*2856 and 194*417 with 'the 151ilb. 
ball; and 30506 and 230*32 with the 75i lb. ball, affording a good 
illustration of the resistance from the weight of the bar. 

6th. The bars in Table XI. were of the same iron, Blaenavon 
No. 2, as the others, but re-melted, to ascertain the effect of melt- 
ing this iron a second time without mixture upon its power to bear 
impact. The strength to resist blows was increased, but the iron 
was harder and much more unsound than before. The work done 
by the ball to break the beam in each case was increased in the 
ratio of 261 to 194. 

7th. The deflections in cast-iron beams were always found to be 
greater than in proportion to the velocity of impact; whilst in 
wrought iron they were nearly constant with impacts of very dif- 
ferent velocities. This fact shows that there is a falling off in the 
elasticity of cast iron through impact, analogous to that through 
pressure. The difficulty of obtaining a satisfactory theory of the 
power of cast-iron beams to sustain impact is considerably increased 
by this faUing off in elasticity; but it is hoped that the varied 
nature of these experiments will tend much to reduce it. ' 



Abstract No. IV. 
Abstract of Results on Vertical Impacts upon Loaded Beams of Cast-Ibon. 



All of the beams were of the same weight and strength nearly. 
They were placed on supports at a constant distance asunder, and 
struck in the middle by the same ball, falling through different 
heights. The object of the experiments was to obtain the effect 
of additional loads, spread uniformly over the beam, in increasing 



its power of bearing impacts from the same ball. The beams were 
of Blaenavon Iron No. 2, cast to be 14 ft. 6 in. long and S inches 
square. The mean weight of beam, 410*7 lb. ; mean weight of 
beam between supports, 382 lb. nearly; distance between supports, 
13 ft. 6 in.; weight of ball, 303 lb. 



Depth 




Deflections of Beam when loaded uniformly between the SapporU, with WeigbU In addlUen to iU own Weight, as below. 










lb. 


lb. 


lb. 


lb. 


f alien 


Velocity 






lb. 


lb. 


Weight of 


Weight of 


Weight of 


Weight of 


throagli 


of 


lb. 


lb. 


Weight of 


Weight of beam .3«7 


Ream . . 885-8 


Beam . . 8872 


Beam . . 8788 


Beam . 382*65 


by Ball 


Impact. 


Weight of 


Weight of 


Beam . . 376'(> 


Additional K-ati lt>6 


Additional 


Additional 


Additional 


Additional 


before 




Beam . 876-765 


Beam . . 882-1 


Additional 





Load . . 889-25 


Load . .8890 


Load . . 891 2 


Load. . 9MS*25 


Impact. 




UnloadMl, 
and without Liad. 


Lead at centre 4 


weight in 
centre . . 28 


Snm of the two 5S8 
Lead at centre 4 












Sura . . . 775-05 


Sam . . . 776 2 


Sum . . . 770 


Son . . 1388-9 














Lead at centre 4 


No Lead. 


Lead at centre 4 


Lead at centre 4 


iDchet. 


Feet. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


9 


6-946 


1-99 


., 






, , 


,, 


1-698 




12 


80208 


2-29 


2154 


2-V77 


i-m 


1942 


1-946 


2-03 


1-483 


15 


8-967 


2-6.W 


2-496 










2-23 




18 


9-823 


2-79 


2-A85 


2-6^ 


2-776? 


2-426 


2 4M 


2455 


1-883 


21 


10-610 


8-05 


2-926 


29-09 


2-761? 






2-66 




24 


11-343 


3 21 


8-155 


8-198 


8-149 


2-844 


2-846 


287 


2-Y78 


2H 


11-692 


3-33 


,. 














27 


12031 


3-49 


8-406 


8-413 


8.H71 






d'oiM 




SO 


12 682 


Broke with 28^ 


8-588 


8639 


8-613 


8-Y85 


8-185 


3215 


2-454 


8U 


12-995 


,, 


8-745 


.. 


,, 


,, 


,, 


, , 




33 


13801 


., 


Broke. 


8804 


8-814 


, , 


,, 


3-36 




85 


13H92 


,, 


,, 


8-976 


4045 


3 544 


8 527 


8 585 


2*(K»5 


39 


14-460 


,, 


,, 


4164 


4-168 






8-6« 




42 


1*005 


.. 




Broke. 


4-28 { 


8-'585? 


8-786 


8-H2 


2-968 


4A 


15-532 


,, 


,, 


,, 


A'AUb 


,, 


, , 


8-925 




48 


16042 


,, 


,, 


,, 


Broke 


Broke. 


Broke. 


4-128 


8*176 


64 


17 015 




,, 


,, 


,, 


,, 


,, 


4-24 


8-388 


60 


17-985 


,, 


,, 


,, 


,, 


,, 


,, 


4-516 


Broke. 


66 


18-810 


*• 


•• 


•• 


.• 


•• 


•• 


Broke, } 
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Load on Bmid in Ibt. 






Height of FaU 
laryto 
tBnm. 

28i in. 

33 

42 

48 



Velocity of Impact 
answeriog to 
eight 



that Height. 
12-682 
13-301 
15005 
16042 



Additional Load on Beam In Iba. 



Lnd, 41h. weight in centre . . 
tt lb. ia centre; no letd .. 
166 lb. spread over beam •f 4 lb. lead 

The set from the impact on these loaded beams was very great, 
bit it did not appear to injure their strength more than in ordl- 
mycMca. 



Height of Pall Velocity of Impact 

neceatary to aoiwering to 

break the Beam. that Height. 

389} lb. apretd over beam ; 4 lb. letd 48 .... 16*042 

389 lb. spread over beam ; DO lead. . 48 .... 1C'042 

391-21b. spread over; 41b. lead .. 66 .. .. 18-810 

9561 lb. spread over ; 4 lb. lead •• ^0 .... 17935 

By comparing the impacts and deflections in the Abstract above, 
it will be seen tnat the deflections are nearly as the square root of 
the height fallen through by the ball, or as the velocity of impact. 



AbHract No. V. — Synopsis op Ezpebiments on the Extension and Compbession op Cast-Ibon. 

Iflt. ne dtred Longitudinal Ejetension qf Bod Rounds^ or Bars, 50 feet long and 1 inch Area of Section nearly, qffour kinds of Cast Iron, 

as mentioned behw. 











Weights, per Square Inch, laid on with their corre- 






Vvmbcr of 








sponding Extenalons and SeU| the last. In each 


Mean Breaking 




TaMr l#iriilcfa 




Number of 


Mean Area 


case, being the largest, where all were observed 


Weighr. 


Mean Ultimate 


thaCsperiment 


Nama of Iron. 


Ezperimentf. 


of Section. 


together. 


per Square Inch 
of Section. 


Extension. 


iadeacflbed. 


Weights. 


Extensions. 


Sets. . 








Inch. 


lbs. 


Inch. 


Inch. 




Inch. 


L 


Low Moor Iron, No. 2 .... 


2 


1058 


2117 


•09500 


•00345 


164081b. 


1-085 










6352 


•3115 


•0250 


« 7-325 tons. 


or 3^rd of 1 










10586 


•5740 


•06425 




the length. 










14821 


•9147 


•12775 






II. 


BlaeoavoD Iron, No. 2 


2 


1-0685 


2096 


•09422 


•00268 


146751b. 


•9325 










6289 


-3065 


•01675 


e 6*551 font. 


or y^rd of 










10482 


•5770 


•0575 




the length. 










13627 


•8370 


•11475 






III. 


GartAherrie Iron, No. 3 


2 


1062 


2109 


•09225 


•001 + 


169511b. 


1167 










6328 


•3117 


-01450 


a 7*567 tons. 


o*" iHb*^ of 










10547 


•5862 


•0475 




the length. 










14766 


•9452 


•11325 














15820 


1^0487 


•13812 






IV. 


Miiture of Iron, composed of 


3 


1-063 


2107 


•0914 


•00376 


148121b. 


•8095 




Lei^wood, No. 3, ami Glen- 






6322 


•2967 


•01823 


«» 6*6125 tons. 


or y^t of 




gamnck No. 3, in equal 






10536 


•5349 


•04321 




the length. 




proportions. 






12643 


•6702 


•06417 







In two of the bars the length, exclusive of the couplings, was 48 ft. 3 in. and the extensions and sets from them have been increased 
in the ratio of 50 to 48^^, to correspond to a length of 50 feet. 

Snd. The Extensions of Bods 10 feet long and 1 inch square, deduced from the preceding Experiments, and Compared with observed Compres- 
sions qf Bars of the same Irons and the same size, cast with them for comparison, together with Formukefor computing the Weights from the 
Extensions and Compressions. 



ExTawsiON, Table IX. 


Compression, Table VI. i 




Welghta laid 


on, with the 


corresponding Extensions 


Ermr fn pirtt of 




Mean Weights 


laid on. with corresponding Mean Com. 


1 

Error in parts of ' 






and 5et8. 




the Wright, 




prrsBlons, Sets, and Ratios of Weights 


to Compres- 


the Weight. 1 


Number 










wrli-^i) H Jf cvm" 


Number 


sioiis. 






when it is com- | 


of 
Bxperi. 










pnted fr^im the 
Ponniiln 


of 
Experi- 








piitrd from the 


















Foriniila 




Weights. 


Extensions. 




IT 


w^Mf^W e 


menU. 


Weights 


Compres- 




IT 


•0 = 107763 rf 




(•P.) 


(«.) 


Sets. 


e 


-3lHyU5eJ 




(le.) 


sions 


Sets. 


d 


- 30318 rf'. 




1053 77 


•0090 




117086 


-T^ 


8 


2064*745 


•01875 


•00047 


110120 


-1^ 




158065 


•01»7 


•00022 


115131 


-iV 


8 


4129-49 


•03878 


•00226 


106485 


-¥+ff 




2107^54 


•0186 


•000545 


113309 


-T+7 


8 


6194 24 


•05978 


•00400 


103617 


+ y'5r 




3161-31 


•0287 


•00107 


110150 


+ HlF ' 


8 


8258*98 


-07879 


•00645 


104823 






4215^08 


•0391 


•00175 


107803 


^whr 


8 


10323-73 


-09944 


-00847 


103819 


+ iia 




5268 85 


•0500 


•00265 


105377 


+ t4¥ 


8 


12388-48 


•12030 


•010875 


102980 


+ irl¥ 




6322-62 


•0613 


•00372 


103142 


+ T+r 


8 


14453-22 


•14163 


-01405 


102049 


+ Th 




7376-39 


•0734 


•00517 


100496 


+ tH 


8 


16517*97 


•16338 


-01712 


101102 


+ tH 




8430 16 


•0859 


•00664 


98139 


+ Tiy 


8 


18582-71 


•18505 


•02051 


100420 


+ TiT 




9483 94 


•0995 


•00844 


95316 


+ tIt 


8 


20647-46 


-20624 


•02484 


100114 


+ »*v 




10537-71 


•1136 


•01062 


92762 


+ i4t 


8 


24776*95 


24961 


•03220 


93263 


-• rb 




11591-48 


•1283 


•01306 


90347 


-fH 


8 


28906-45 


•29699 


•04300 


99331 


-sH 




12645*25 


•1448 


•01609 


87329 


-Tir 


7 


33030 80 


•35341 


•06096 


97463 


+ iiV 




13699-83 


•1668 


•02097 


82133 


+ ^kw 


7 


37159*65 


•41149 


•08421 


, , 






14793-10 


•1859 


•02410 


79576 


-A 


• t 


•• 


•• 


•• 


. . 


• • 



Extension and Compression of Cast-Iron Bars. 

The experiments to determine the effects of various weights, to 
extend and compress bars of cast-iron longitudinally, were made 
upon four different kinds of that metal. From the mean results 
given, in the preceding abstract, of Table IX. on the extension of 



bars, and Table VI. on their compression, the following formulsB 
were deduced for expressing the relations between the extensions 
and compressions or a bar 10 feet long and 1 inch square, and the 
weights producing them respectively:— 

Extension, co= 11611 7e — 9019O5e' 
Compresnon, ie = 107763d — 36318d^, 
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Where to is the weight (in pounds) acting npon the har, e the ex- 
tension, and d the compression (in inches). 

To express the relation between w and the corresponding exten- 
sion and compression, when the length of the bar is redu^ from 
10 feet to 1 foot, we assume that the extension and compression are 
uniform throughout the length of the bar. Therefore the exten- 
sion or compression of one-tenth its length will be reduced in the 
ratio 1 : 10. Consequently, in order that the value of w may re- 
main unaltered in the formulas, the co-efficients of e and d must be 
increased in the ratio of 10 : 1, and the oo-efficients of 0* and d^ in 
the ratio of 10^ : 1. These modifications being effected, the for- 
roulsB for a bar 1 foot long become 

w = 1 161170e — S01905006> for extension, 
w = 1077630J — 86S1800d* for compression. 

If the bars were 1 inch only in length, those to which the first 
formuln applied would be reduced in length in the ratio of I : 120. 

Consequently the extensions and compressions would be reduced 
in the same ratio; and in order that w might remain unaltered, the 
co-efficients of e and d must be increased in the ratio of 120 : 1, 
and the co-efficients of e^ and d^ in the ratio of 120: 1. These 
changes being made, the formulas for bars 1 inch long and 1 inch 
square become 

w = 116117Xl20e— 201905X120>«» 

= 139340400— 2907432000e' for extension, 
10 = 107763Xl20<i— 36318X120* d« 

= 12931560c{— 522979200<f> for compression, 
where, as before, w is expressed in pounds, d and e in inches. 

Lastly, if the length of the bar be / inches, the corresponding 
furmulee for w may be deduced from those last given, by consider- 
ing the bar to which those formulae apply, increased in length in 
t)ie ratio / : 1. Consequently as before, to adapt the formuln to 
the present case the co-efficients of e and d must be diminished in 
the ratio 1 : /, and the co-efficients of ^ and d* in the ratio of 1 : /*. 

The formiu89 for a bar 1 inch square and / inches in length are, 
therefore, 

(A) 



w = 13934040 J — 2907432000-jfor extension 



d d^ 

w = 12931560y— 522979200 -^ for compression, . . (B) 

The mean temfile strength per square inch of section in the irons 
experimented ujton was 157111b. = 7*014 tons, and the mean ulti- 
mate extension for lengths of 10 feet was '1997 inch, or ^ inch nearly^ 

The mean compression of bars of the same metal and dimensions^ by 
the weight 15711 lb. (the breaking weight by extension^ as above stated J 
was found from the experimeiUs to be 15488 inch, or yf^th part of the 
length. 

To find the values of («) and {d) in terms of (ic), in the preceding 
equations for Cast-Iron, 

w^=ae — b^; whence b^ — ae^= —w ; 



a w 



«>-■ 



'+i^ = 



_ 

46^" 



w 
b* 



__ o -- / a^ w 
"U ■^'V 46«"" "6 



(C) 



Extension of a bar / inches long and 1 inch square in terms of the 

weight stretching it : — 

From equation (A) for elongation of bars of cast-iron, we have, 
in equation (C), 



13934040 



6 = 



2907432000 



f 1 '- p ^ 

substituting these values of a and b in (C), we have, 
13934040 



:X/ + 



/ / 13934 040 yp_ fg/' 
5814864000" ' A/ V5814864000/ 2907432000 

= -00235628/ + • 00000574215/2 _ .000000000343946/^w» 
:,e=l {'00239628— V-00000574215 — -00000000034394610}, (D), 
where w is in lbs. and e in parts of an inch, the negative sign being 
that alone which is applicable in the quantity under the root. 
If/= 1, the extension is that produced by a length of bar— Im. 

If/= 12, « « " ^lOft! 

lf/ = X20, ,> »» " 



EjfampU 1. Suppose w = 11591*48, and /=s 10 feet or 120 inches, 
then substituting fer w and I their values in equation (D), we have 

= /{ -00239628 ^ V*00000574i215 — -00000398684} 

= /{ -00239628 — -00132488} =r 120 X *0010714 = -198568 inch. 

Comparing this with the result in Table IX., on extension of 
bars, from Uie same pressure 15491 '48 lb., wo have a defect of 
T^th, the real extension being '1283 inch. 

Example^. Suppose w = 2107'54 lb. and / = 10 feet; subotittttiug 
for CO and I in equation (D) we have 

e=/{ -00239628 — V0«>00^74815 — -00000072488} 

=s / (-00239628 — -00223993) = 120 X -00015635 = -01876 

It should be -0186, .*. error = ^^ 

Compression of a bar I inches long and 1 in. square in terms of the 

weight producing it : — 

The relation between the weight and the compression b^ng ex- 
pressed by an equation of a simi&r form to that between the weight 
and the extension, or w = ad — M^, we obtain in the same manner 
as before, — 



^ = ^6+ V^" 



5 



substituting the values of a and b derived from the equation (B) 

. ^ . 12931560 . ^ 522979200 . . . ^ . 

for cast-iron, or for a, and = — for 5, we obtain — 



d=- 



12931560 



A 12931560 y 
^ ' ■+■ ^ V 1045958400/ * 



1045958400 
= / {'012363359 — V'000152853 — -00000000191212 to} 



522179900 



(E) 



Where to is in pounds and d in inches, the quantity under the 
root is affected by the negative sign, which alone is applicable in 
this instance. 

Example 1. If to = 8258-98 lb,, and the length 10 feet = 120 
inches, we obtain by substituting the value of w and / in equa- 
tion (E),— 

d = / {'012363359 — V'000152853 — -00001579216} 
= ('012363359 — -0117073) / = -07872 inch. 

Comparing this with the experimental result for this pressure in 
Table VI. on compression of bars, or -07879, we find the deviation 
or error equal t^ of the latter. 

Example 2, If to = 6194*24 lb, and / = 120 inches as before, 

d = / {-012363359 — 1^-000152853 — -0000118441 } 

= ; (-0004890) = -05868 inch. It should be -05978 .-. error =: ^th. 

The first example is the case of least deviation of the formula 
from the results of experiments in Table VI.; and the second is 
that of greatest deviation for pressures between 2 and 14 tons per 
square inch, the range between which the results are most trust- 
worthy. 

Example 8. If it = 1571 1 lb. — ^the weight which would tear asun- 
der an inch bar of these irons — ^to find the compression of a bar 
10 feet long and 1 inch square from the same weight. 

Substituting in equation (£) the values of w and l^ 

d = l {'012363359 — V-000152853 — '000000001 9 1212io} 

=r / (-012363359 — '0110820) = / (-0012813) = -15376 inch. 

The decrement, as obtained from the results of experiment in 
Table VI., on compression of bars, was -15488 inch. 



Weight. 

1053-77 

2107-54 

421508 

6322 62 

8430-16 

105Sr71 

12645-25 

14795-10 



JSr/aiftoii. 
(Computed fhrai tiM FonnnU obtaliMd.) 
Computed 
£xteiiilon. 

'00922 



-01876 
•03893 
-06090 
-08523 
•11293 
•14S9S 
'19061 



Extension. 
-0090 
-0186 
•0391 
•0613 
•0859 
•1136 
•1448 
•1859 



Error In parte of 
Boel Eztonsloa. 

+ A 

-fht 

-t4w 

+ * 



1850.3 
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Cumprettitm, 




C.tinFnu»d 


Real 


Error In parts of 


D*cwntnt. 




Rral Drcreaent. 


•01928 


•01875 


+ ^ 


•05863 


•05978 


- 1^ 


•09909 


•09944 


-dk 


•14077 


•U163 


-T*T 


•18379 


•l«:i05 


-Tir 


•25 lU 


•24961 


^Tiir 


•34705 


•35341 


-^ 



f 



Wfiflif. 

2064-745 

6194-24 
10323-73 
14463-22 
1838271 
24 776-95 
3303080 

7Vflw«w*c Flejnire, 

When a beam is bent in any defcree the fibres or particles on the 

eoDvez aide are extended, and tliose on the concave side are com- 

y r MBcd ; and there is a line within the beam, intermediate between 

the two aides, in any transverse section wiiere the particles are 

neither extended nor compressed. This is called the neutral line, 

and the particles on each side of it are stretched or compressed 

•ecf>rdin||^ to their distance irom it; but XYve force exerted by these 

ptrticlea is not in proportion to the distance, in cast iron, at least, 

which we are treating of. It varies as a function composed of the 

.£nt and second powers of the distance nearly. 

* TfauF, in the longitudinal extensions and compressions of a bar 

one inch area of sectioi^ and / inches long, we have from the mean 

results of experiments on four kinds of cast-iron, equations (A) 

End(B), 

IT = 13934040 ^ — 2907432000-^i , 

w = 12931560 - — 522979200 j/ ' 

where w is the weight in pounds producing the extension e or com- 
pression d in inches. 

To apply this to transverse pressure, suppose the extension e and 
oompreesion dofh small length of the material at a distance / from 
the neutral line to be represented by m/, m7, respectively, then the 
extension and compression at any other distance a? of a portion of 
the material originally of the same length will be nue ana m>, and 
the formuls will become — 



it' =r 13934040 2907432000 



«r= 12931560 — - — 522979200 



/2 



(G) 



where w\ w*, are the forces of tension and compression exerted by 
the fibres at a distance «r from the neutral line, and m, m co-effi- 
cie&ta dependent on them. 

In the 'Experimental Researches on the Strength of Iron, pub- 
lished by the author, and forming an additional volume to ^Tred- 
guld on Cast-Iron,' an attempt was made to give a more general 
eomputation of the strength or beams than had hitherto been done, 
the solution depending upon the supposition that the resistance of 
the particles to tension and compression varied in terms of the 1 st 
and some other constant power of the extension and compression. 
Tbua if « be the distance from the neutral line — 



^ (jt) = JT - -- = JT - — -, if t; = 2 
na na 



^ ' » a n a ' 



if *' = « 



(J) 
(K), 



where f (x) and f ' (jQ would be quantities respectively propor- 
tional to the forces of extension and compresssion of a particle at 
a distance a from the neutral line, and n, n , quantities supposed to 
be constant. 

From the experiments given in this inquiry, it appears that v, v\ 
are ei^ual to 2; and in the equations (J) and (K) a is the same 
onaatity as / in equations (F) and ^G), a = l; and to adapt the 
tonnolsB (F), (G), for cast-iron, founa before, to the forms above, 
we have— 



wi 



= a? — 



13934040in 
S»07432000jw 
13934040 
In like manner— 

uTl 522979200 m 

19931560m 



2907432000 mU 
X — -- ^ „ X ^ 



139240 U)m/^ 
-J-, for extension . 



(L) 



= S- 



12P3T560- X J, for compression . (M) 



Whence we obtain the values of n, u\ in equations (J), (K), as 
below, — 

— __13934040_ , 12931560 

^ ■" 2907432060m» ** "" 522979200 m'" 
By inserting these values in the formula given in the work 
above referred to, the position of the neutral line and the strength 
of a cast-iron beam of the form considered may be found. 

AMract No. VI. 

AnsTaACT of ResulU on the Tranwene Strength of Cast-Iron Bars 
of different sixee^ hut mathematically similar^ or relatively propor- 
tional in all their dimensions. 
The bars were of Blaenavon iron, No. 2, and were respectively 

cast to be 3, 2, and 1 inches square, and 15, 10, and 5 feet long. 

They were placed on supports I3i, 9, and 44 feet asunder, and the 

strength and ultimate deflections of the bars, when reduced to 

their exact size, were as below: — 



Size of Barf. 



Ft. span. In. sq. 
44 1 



13i 



61 



{ 



Vertical Preaturet. 



Strength. 



Ibt. Mean 

461 1 

437 U4O 

423 J 



1 



1249 
1414 

}i97 M338| 



Ultin>ate 
Deflection. 



Inch*-a. Mean. 
I 706 1 
1850 U-779 
1G917J 



2996 
3-486 
2.527 
I ,2-498 

1552a '3-620 

1591*-' 2.984 



2C98 ^ 

3389c h«e' 
2686ifJ 



341 1 
795 \ 
215 J 



6117 



4-863 
4 3908 
5-024 
1-391 



I 

}>3 0035 



14-667 



1-33191 
1190 L 1-2916 
1-353 J 



Horlsontal Preafttrea computed 
from the Vertical Preaaurea. 



Strength. 



Iba. Mean. 
4681 
444 U47 
430 J 

1303-. 
1469 

^*^*ll394 
1151 [^^^^ 

1616 

1648-J 

28771 

2869J 

643n 
5885 U2O7 
6306 J 



Ultimate 
Di*flectioo. 



Inchea. Mean. 
1-8231 
1-880 U-808 
1-720 J 



3032^ 

3-622 

2649 

2-621 

3-746 

3085-' 



3126 



5*186 
4-692 
0-297 
4-690 

1-3511 
1 208 
1-373 J 



} 



4 966 



1-311 



The results marked with the letters a, 6, c, d, are from the bars 
which had been previously subjected to 4000 impacts, each bending 
them through Ard of their ultimate deflections. 

The strengths of similar bars 1, 2, 3 inches square, and 4), 9, 
and 13^ feet between the supports are respectively 447, 1894, and 
3043 lb. to resist an horizontal pressure. 

If the elasticity of the beams had been perfect, their strengths 

should have been as the square of their lineal dimensions, or as 1, 

4, 9. Dividing, therefore, the strengths as above by these squares, 

the quotients ought, on this supposition to be equal. We have, 

however, 

447 
From the smallest bars . . -— = 447, 



From the next larger bars 
From the largest bars . . 



1394 

-4- = s*», 



3043 



= 338. 



The quotients are unequal; but we see that the deviation from 
theory, on the supposition of perfect elasticity, is much greater in 
the smaller than in the larger bars, and that the strength of the 
smallest bar is greatly above that derived from others, partly, it is 
probable, arising from defect of elasticity, but principaDy from the 
superior hardness of the smaller castings. 

The ultimate deflections of similar elastic bars from horiaontal 
pressure are as the lineal dimensions of the bars, nearly; and, 
therefore, similar bars, one, two, and three inches square, ought to 
deflect before fracture in those proportions. The mtimate deflec- 
tions from experiments, as above, are below. 

In bars, 1 inch square .... 1*808 
„ 2 inches square . . . 3*126 
9) 3 „ • • • • 4*966 

The deviation in the ultimate deflection of the bars, from 1. 2, 
3, the ratio of their size, is, therefore, larger in the smallest 
(hardest) bars than in the others, 

14 
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In Tables V. and IX., on the transverse strength of bars, of 
wrought and cast-iron mixed, we find a similar falling off to that 
above, in the strength of the larger bars below that of the smaller 
ones, as is shown in the following extracts: — 

SiteofBtf. SireaglbtoUvHcrisooUlPreMurc. UU!ro«^DrflecUon 

Ft. S|)«n. Id. tq. lb. HotUooiai Prtiaure 

g 2 /2230 from 4 ezperimentt on I at tarn pie 2720 in. 

" \ 1545 from 2 experiments on 2nd sample 2*258 

.1 1 / ^^^ ^^^^ ^ exf»erintenti on Isi sample 1*4995 

' \ 505 f<om 4 exiierimentf oo 2nd sample 1 320 

General Bemarks on the Rapiditp of Increase of Tranwerse Strength 
of Square Bars for Small Increments of their Sectional Dimensions, 

The rapidity with which the transverse strength of square bars 
increases for small increments of their sectional dimensions does 
nut appear to have been always adequately considered in experi- 
mental inquiries. For square bars of constant length between the sup- 
ports, the transverse strength varies as the cube qf the side of the square^ 
consequently, for bars not greatly exceeding 1 inch souare, — 
such as have most frequently been subjected to series oi experi- 
ments, — an error of ^J^th of an inch (for example) in the sectional 
dimensions, will produce an error of nearly ^rd in estimating the 
transverse strength. It is, however, by no means unusual to 
assume bars, cast to be 1 inch square, to have exactly their nominal 
dimension; variations of the actual dimensions, sometimes approach- 
ing to, or even exceeding -^th of an inch, being neglected. 

This source of error has been avoided in the present series of 
experiments, — and in nearly all others by the author, — ^by measur- 
ing the transverse dimensions of each bar to thousands of an inch, 
and reducing the results by theory to those for the intended size 
of the casting. The nature and extent of the error will be easily 
seen by the lollowing table, in which is exhibited the difference of 
strength of square bars, of which the transverse dimension increases 
by hundredths of an inch. The breaking weight of the bar 1 inch 
square is taken at 4481b. (from the mean of experiments on cast 
iron). It will be observed from this table, that an error of less 
than -^th of an inch in the measure of the side of the square bar 
produces an error of ith of the strength. A similar error of ^th 
of an inch produces an error of ^rd the strength, and an error of 
less than |th of an inch produces an error of i the strength. 

Comparative Transverse Strength qfBars of Sections slightly differing 
from 1 square inch. 



Side of Square 




Strengtb. or 


Approximate Error 

from aMuming 

tbeBaratlincb 


of Bar. 


Cube of Side. 


Breaking Weight. 


100 


1000 


448 


Square. 


101 


1-0303 


462 


^3 


102 


10612 


475 


103 


1*0927 


489 


i 


104 


1-249 


504 


105 


1-1576 


519 


106 


11910 


534 


1C7 


1-2250 


549 


1-08 


1-2597 


564 


109 


1-2950 


580 


•fr 


110 


1-3310 


596 


i 


Ml 


1-3676 


613 


\ 


112 


1-4049 


629 


113 


1-4429 


646 


114 


1*4815 


664 


Mj 


15209 


681 


« 



NEW WESTMINSTER BRIDGE. 

Sib— Several designs have been given in for building a new 
bridge across the river Thames at Westminster. The des&ns have 
been lithographed, and are to be found in the " Third Report 
Westminster Bridge and New Palace, ordered by the House of 
Commons to be printed 5th August, 1846." 

The design proposed by Mr. Walker, for a stone bridge, consists 
of five arches, segments of circles, and the information regarding 

those arches, as stated in the design, is as follows: 

** Span of centre arch, 150 feet. 
Span of side arches, 140 and 120 feet. 
SoiBt of centre arch above Trinity standard, 24 feet." 
The versed sine or heights of those ^ve arches above the springing 
line have not been figured in on the design, nor the radius ofany 
of the arches. The figured dimensions of the piers are omitted. 



and also the radios of the curve which the soffits of the five ardiei 
should tangent; bnt by measuring on the design, the versed sinei 
or heigl\^8 of the first and last arches between tae qprincing Hne 
and their soffits have been found to be each 15 feet, aod the eestn 
arch about SO feet. The thickness of the piers, measured on tlie 
plan, 18, 90, 90, and 18 feet, making a total of 76 feet. The ^t- 
tance across the river, between the abutments, 746 feet, end the 
clear waterway 670 feet. The horizontal distance, er length of tlie 
chord line between the versed sines of the first and laet erchea, if 
6S6 feet. 

The spans of the arches of 150, 140, and 190 feet^ have all dif. 
ferent radii. Have they been nut into the design at nmdom? or 
have they been the result of calculation emanating from some nde 
of science? Has this been the reason of the engineer baviiig 
omitted to figure in the versed sines of the five arches on the 
plan? 

A design for an iron bridge is also given by Mr. Walker, with a 
short note, as follows:-* 

" Span of centra arch, 150 feet. 
Span of aide arches, 140 and 130 feet. 
Soffit of centre arch above Trinity standard, 24 feet." 

This makes a clear waterway of 690 feet, whereas Mr. Walker's 
design for a stone bridge gives only a waterway of 670 feet, being 
a difference of 90 feet of waterway between the two designs. This 
is the very limited and variable information contained in Mr. 
Walker s two designs for a bridge over the Thames at West- 
minster. 

Mr. George Rennie has given in a design for a stone bridge, con- 
sisting of seven elliptic arches; the spans of the arches and their 
heights have been figured in on the design. The waterway of the 
seven elliptic arches is 760 feet, and the width between tne abut- 
ments, 839 feet, which varies greatly from the dimensions ffiven bv 
Mr. Walker, » / 

Widtb 
Waterway. between 
Abatm^nm. 

Mr. Rennie s bridge of seven arches 760 839 

Mr. Walkers stone bridge, five arches 670 746 

Difference ^ 90 86 

Mr. Ronnie's bridge of seven arches 760 839 

Mr. Walkers iron bridge, five arches 690 756 

Difference 70 

Mr. Walker's iron bridge, five arches 690 

Mr. Walker's stone bridge, Ave arches 670 

Difference 90 lo 

Mr. Barry's iron bridge of ^ve arches has a waterway of about 
790 feet, but no figured dimensions have been given. 

As your Journal is read bv many intelligent persons well ac- 
quainted with calculations and the properties of the circle, perhaps 
some of them would be kindly pleased to give the solution of the 
following problem, and the formulas on whidi the solution and cal- 
culations nave been based. 

Elements given. 
Pier Pier o' Pier Pier 
18 feet. 18 feet. 18 feet. 18 feet. a' 



Distance between the abutments, C, C 746 

Ordinates between A, a is 

Ordinates between A, a 5H) 

Ordinates between A, a' is 

Horizontal distance between the ordinates 813 

The width of each of the ^ye segment arches by cal- 
culation, all of the same radii, to span a waterway of 670 
Four piers, two on each side of^ the centre arch to be 
90 feet tnick each, and two at the side arches 18 
feet thick each; the breadth or thickness of the 

whole four piers 76 

bj 6, by 6, line, from which the arches are to spring. 
a , o', a', three points through which a curve line shall 
pass, and tangent the soffits of the five segment 
arches. 
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Required from ths ahom Elements, 

I . To deteTTiiine the radius of the curve which shtill pass through 
t!ie three pointe* n\ n\ a\ and which sliuU tangent the ^oJltB of the 
/ive segment arches. 

%. To determine by calculation the apan of each of the five seg- 
ment arches, which shall, when added toj^iher, ^ve a waterway of 
670 feet in width; and, with the thickness^ of the four piers, 76 feet 
Kro'id^ ft qtaceof 746 feet in width between the abutments or points 

c,c:. 

3, To determine by calculation the veraed sinea of each of the 
6ve arches. 

♦, The Krtffit* of the five aesroent arches to tangent the curve 
iine which shall p,-uss throu^rh the three paintn a\ o', a'. 

5, The lenjrth of the radius which shall be common to the five 
je ig ^ iMBiJ t Arches contained between the ^prin^io^ line 6, ^>, 6^ b^ and 
IM cttrve line passing through the three points a\ a\ a\ 

Fttruary^ 1850. B. 



THE SMYRNA STEAM FLOUR-MILLS 

THE M'ATT AND WOOLF STEAM-ENGINES. 

Ox SatuTdiiVi the I9th nf January last, a private view of two power- 
ful iiteani*en^neison l!ie VVoidf principle, but with oscilliitin^ cylin- 
ders« t«»ok place at the works of the Messrs. Joyce, eiif^^irieers. 
Green wirh : we would nither say, a public view, the Hdmittame 
betnf b}' tuvitation and by card. We were invited to be present, 




Y 

^H prevented us. Since then, nccounts of those steam-en|j:i nes have 



from one of them, the Mining Journal^ we shall take leave to extract 
the fiiUowing: — 

*' The eniEiiiet wliich the Mtftir*. Jojct hav« contlruc'ted for thii purpotr* 
have been formed upon i principle entifelj new in thii country » which liii 
Iteen f«itind to work with ancxtnipled ailvantige in leveral eitahllilimcoti in 
wbirh the same kind of enRJncs has been adopted. In their general arrange- 
ment| they may be deacrtbed as belonging ta the ctait of KteatQ^eDgiDes 
termed " oscillatinff," frnnj the drcumttance of their cylinder! Tifarmting on 
axes or tmnnions, in order that the piitoo.rodi may constantly act tipon the 
cranki without the intervention of what in ilalionary enginei ii termed a 
paralld motion, a contrivance^ by which the vertical motion of the piston* 
rod is adapted to the circular motion of the cranks. The principle disco- 
vered by Woolff of ibtrodueingsteamof a high-pTCisure into a small cylinder, 
and ihuwiiig it to act eipansively in a larger one at a pressure smaller than 
the origioal, itj the pro port* on of the circular lectioiii of the cy linden, and 
aft'irwards to add to it* effective foree by condensation, is here applied in aa 
extremely ingenious mannerf and with a liiaplicity of arrangement having 
reference to the mtiltiplicity of objeeti which are to be provided for simuU 
taneou&ly in the machine. But what VVoolf did by the intervention of parti 
which rendered the action indirect, ii here done without the aid of subsi- 
diary arrangements, and the action is direct. The oscillatiDg cylinders are 
for tills purpose inverted, and vibrate upon steam ways at their upper extre* 
mities. The long horizon lal shaft upon which the piitoo'rods act^ ia fur- 
ninhed with crank*, to tliat the dttd point is always got OTcr, and the 
motion transmitted hy cogged wheel gfaring, the large wheel being 16 feet 
fii diameter— the fourteen raiJU, each of which i* furnished with ft pair of 
tuillttones, griuding in ihe usual way. 

A report from Mr. Elijah Galloway, C.B., who waa employed by Mr. T. 
Comer, to examine the machinpry for him, is now before us, from which we 
gather, that the capacity and dimenBioiii of the engines and machinery are 
in all respects, more than am pit* hoth for power and strength — tfae engines, 
moreover, being equal to nearly douhle the power required. With reference 
to the four bailers emplnyed to generate the rec,aisite qanntity of steam, Mr* 
Galloway expresses his convii'tinn ihat one alone will he nearly cmpible of 
aupplying hoth engines, thtia offr^rtling the command of full three tiniea the 
power ri-q Hired, and which would, in his opinion, work safely at *' double the 
proposed maximum preti^uie/' The report concludes with expressing the 
(freat satisfaction on his pait of the economy attendant on the application 
of the machinery, aud the nicety and perfection wHth wbkb it has been 
con sir acted. 

In the course of converiation we were given to underatind that in engine 
of 12-horse power, at the Grei^itwich Iron Works, upon the principle referred 
to, coats only Wm. per week for 12 houra per day, while aeveral establish 
mentsat h^jme and abroad, prove the confQinption ol fuel to be less thftn 
3 lb. per bur**; power per hour." 

Similar Bceounta to the preeedini^ have appeared in the other 
publicationj^ to which we have h^d oocuijion to ollude. Those 
aceouuts ure of so extraordinftry u nntiire, and so apt to impreas 
the public mind, either with error or doubt — error with tliose who 
do nut thorou^^hly comprehend the construction and principles of 
the steam-engine, ancl doubt with those who do — ^that we feel 
our^elve^ impelled, by a sense of public duty, to make some 
conirrients. 

This course appears to us to be the more incumbent — the more 
imperative, bb it iihadowit forth a matter of consiileruble interest at 
thia present time — the comparative viUue of the Watt and the 
Woolf iiteam-engiiie». 

In the cotton-sipinnin^ districts of Glasgow and Manchester, 
many Woolf-engine-i have been erected recently ; atid others, by 
the ndditiun of another cvlinder, and by working the steam at high 
pressure in the new cy finder^ and expanding it in the old, have 
been chaiijired itito U'oolf-engines. 

The^e introductions and adaptations have taken place since the 
Woolf-en^ine has been re-patente<l by Mr. MncNaugbt, of Cilas- 
gow ; find, as we have received letters from several gentlemen, 
interested in cotton-spinning, claiming our particular attention to 
the matter, which is of importance to them, we shall now enter 
npon the subject. 

In the fore^'oin;? accounts it is stated, that the Messrs. Joyce, 
the en^ineerei of Greenwich, have made a pair of magnificent and 
powerful steam-eng'ines, with all the appurtentincea of a Hour-mill, 
to work fourteen pair of stuuea ; that *' the engines are on thtf 
dmiftk-eylhider pjrpansivr piart^ originally patented by Wuulf ;*' that 
** the Messrs. Joyce have succeeded in giving a direct action to 
that which VVoolf and his followers gave indirect/tf^ by which, 
nmongst other beneficial remilts, the consumption of fuel i* ieatt 
than 3 lb. per horjftjmrery it being about 12 lb. under t!ie old system;" 
awrf thol *' the^e rmutts have trcn vwinhj achievcfi bj/ the intrtxiuction 
efa st/gttm of inverted and vxcUlatiug eyUndt^ri^^ w hich caoao the force 
of the pigton-rod*i to act directly upon the crank*pin, without the 
interposition of any intermedinte machinery, fio that the friction of 

14» 
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the wliole enijine is reduced taiU miniraum, ir^i7e iU ttimplicit^ pro- 
p&rtioiiiihlif retiuees the efuiiictn o/ accident " 

Nf»w, Woiilf, to tlie best *>f our re€<>llection, patented his double- 
cylinder ex|)anMive ^team-erigiiie in IHOI; and, in coMJuiictiyn with 
Ills partrier-, Mr. Edwards, erected one at the saw-mills iit Lmn- 
beth ; ofterward^ und now in the possession of Mr. Smart, where 
we ftjiw it working in 1H25, He erected one also, we think, nt the 
brew house of MessfH. Aleux and Cw., where he gave a public chnJ- 
Jenge to Messrs* Boultun and Watt, which excited much iitteiition. 
Mr. Woolf shurtly alterwHrdis went into CornwaJI, and erected 
some at the minea there, the duties of which, by the consiiniptinn 
of each bushel of coal, were so unprecedenteclly great, that the 
tttteniion of the mining interests of that county was publicly 
engrossed by it. But more of thin nnon. 

Steam-engine«i, on the double-cylinder ex|yinsive principle of 
W^Hilf, were afterwards erected in the neighbonrh<jod of London, 
by Messrs, Pullen and Wentworth, of Wandsworth ; particularly 
for tlour-nVills on the river Wandle. We had oc4:a«ion in 1836, to 
make a professional survey of the power and effect of the mills on 
that stream — both those impelled by stean\ and those impelled by 
water. We then saw seveml of the steam-engines thwt had been 
so erected; ali*o others at the engine-yard of Messrs. Pollen and 
Wentworth; also one at a flour-mill at Bermondsey. We state 
these things to show, that although steam-engines on this principle 
have been long well-known, they have not met with the general 
recognition and sanction of our best engineers. 

It was the latter part of 1(414 that Woolfa engine, with the 
double cylinder, was introduced into Cornwall. The liirge cyltn^ 
der wajs 45 inches diameter. It wag erected at the mine called 
" Wheal Ahraham," Its duty, as first reported, in October of that 
year, was 34 million pounds lifted 1 foot high, by the consump* 
tion of each bushel of coal, weighing 02 lb. It was discovered 
soon afterwards that there was a defect in some of the castings 
which being removed, the duty advanced in the following year, to 
upwards of 5'2 millions. A second engine, with a 53-iucb cylinder^ 
was erected next year by Woolf, at Wheal Vur. Its duty was 
50 millions. These duties, which were tested and verified, pro- 
duced much excitement, as well they might, amongst the mining 
interests of Cornwull; for at that time the number of other 
engines reported at the mineg was 35, and the average duty was 
S0| millions. 

In 1816, Messrs. Jeffrey and Grihble erected a new engine 
with Hugte cytimter at Dolcoath, 16 inches diameter. Its duty 
amounted to 40 milt ions. Sims also erected one at Wheal Chance, 
which attained to 45 millions. Woolf, in lH2t), erected a nlngte- 
cylinder engine at the Consolidated Alines, M inches diameter 
and 10 feet stroke; its duty in December of that year reached '^8| 
millions. At this period/ *MFoo//^* mghiejf with doubie cytinderit, 
owing to the dtfficttity of keeping than perfect^ hadfiiiien to the mirage 
of the bc^i ninyk-cyHnder engmt^; and after thiit period began to be 
dhustd hi the «ii«e*."* 

In 1825, Sims erected a gingle-^/lhider engine at Polgooth, which 
performed 54 millions; in 1827, Captain William Grose erected one 
at Wheal Towan, the duty of which was e2 millions; and in Octo- 
ber of that year, Woolfs 90'inch mngie eyiinder^ at the t'onsoli- 
dated Mines, reached the hitherto unprecedented duty of 67 mil- 
lions. These duties were shortly afterwards eurpassed by Grose's 
engine, at the Wheal Towan, in 1828, reaching 87 millions; and 
that of Mr. William West, at the Fowey Consols and Lanescot 
Mines, attaining to 145 millions, which is the highest amount of 
dutv yet recorded. 

We state these things to show, that although the mining inte- 
rests of Cornwall gratefully acknowledged themselves indebted 
to Woolf for first pointing out to the engineers of that important 
district, the advantages of using high-]Hes.4ure steam worked very 
e3qjHnsiv<?ly, and which led them to adopt their present simple and 
etfectual mode of usitig and expuiiding the stemn in one cylinder 
only; yt?t they have found it necessary, entirely to supersede his 
more complicated and costly machines, the double-cylinder engines. 

Thus far examined, therefore, we cannot perceive what advan- 
tage the Messrs, Jovce proi)t»se to themselves by the adoption of 
t h e </o « hle-ry Under \ (' oo 1 f-e ng i n e, M ost e n gj n ee r s, we bel ie v e, 1 1 1 o- 
roughly conversant with the constitoencies of steam and the action 
uf the steam-engine, are aware that the only advantage Woolf con- 
ceived he could gain by using the double-cylinder engine wus, that 
of wurking the steam expansively. The idea of employing steam 
expannmiy^ originated with the great Jume« Wutt; and for its use 

• ** RiitorhaJt §utcment of iUk Imprutretiitfi^U m^rfe In the Duly perrormH by tTt« 
8Urim<Kn§(!tiri in Conmall.** Hy Tboqyii Le*n and EnUhcr, Elri;i*lriii-» &ad Rrpurten 



or application he obtained letters patent. He proposed to employ 
the principle in a tnngk-ciflindcr engine; VVoolf in an engine with 
fuvj rylindi^ra. The timidity of James Watt deterred him fifom 
employing steam ttf very high presnure, or at from 4o to 60. or to 
8'>lb. on the square inch beyond the atmosphere. V^'oolf, KaFiOf 
no fears of the kind, had recourse to it; and as the expansive force 
of Kteam, for practical purposes, becomes more tangildy apparent 
at high degrees of [pressure than at low, Woolf derived the advan- 
tage. In no other respect was any superiority in the Woolf- 
eiigine made manifest. The shrewd, practicid, mining engineers 
of t.-ornwall soon discovered this; and, in their practice, abandoned 
the Complicated double-cylinder engine of Woolf, A»r the single 
cylinder of James Watt, ' For it may be averred, that the Mingle 
cylinder steam-engine now used in Cornwall, although better pro- 
portioned in some of its parts and larger in dimensions — although 
the steam employed is of much higher pressure, and more atten- 
tion is paid to the preservation of it by non-conducting substances;, 
— is truly, and uuqueHionMy^ the simple sijigk-cjiinder 4teaffi-^ngim 
of the great James Watt. 

We therefore repeat, we c^innot perceive what advantage the 
Messrs, Joyce projmse to themselves, ov adopting a principle which 
has been tried, and ^^ found utanling ; ' in other words, by having 
recourse to the complex apparatus of Woolf, when the simple 
arrangement by AVatt is found to be equjdly as efficient. 

It may, perhaps, be urged, that although expanding steam in a 
slngle-cyiiuder engine may answer very well for pumping, where 
the motion at both ends of the stroke is intermittent; yet it will 
not answer so well in rotatory fly-wheel engines wliere the motion is 
continuous, and intended to be equable. But here we must be per- 
mitted to dissent from any such opinion. The expansive system is 
now very commonly adopted to rotatory fly-wheel engines by our 
best engineers; aud we ours<?lve8 were principally instrumental to 
its first adaptation to the delicate processes of the cotton manufac* 
tore, where some of the spindles make from seven to eight thou- 
sjiod revolutions in a minute, and where the least variation of 
speed would produce a very perceptibly injurious effect. If the 
expansive system can be used under such circumstances, surely it 
may he similarly employed to a flour-mill, which does not need 
kuch precise equability of motion, and where the stones that grind 
the flour do not revolve genenilfy at a greater speed than from 
120 to 110 revulntions per minute r We repeat, therefore, we can- 
m>t perceive what advrnitage the Messrs. Joyce propose to tliem^ 
selves by adoptiug a complex apparatus instead of the simple one. 

In the B.'inie paper it is stated, that the Messrs. Joyce derive 
much important advantage by the adoption f)f vibrating or ottciikiting 
vylindera^ which require no beam, and by which the power id com^ 
municated direct from the steam-piston to ttie crank. 

This aJsij was a discovery of the ^rertt James Watt, i*ho took 
out a pateut for its application. For some cause or other, it 
remained d^uTiiaut a grejit many years. In or about the year l82», 
the principle was carried into successful practical ooeralion by that 
highly eminent hrni, Messrs. Maudshiy, Son, and Field, in consr- 
quence of Mr. Joseph Maudslay having invented, and ttiken out 
letters patent for, a method of applying the long 1) slide to the 
vihrating cylinder. This was the >>4Y application of the oscillating 
cylinder to the steamboat, which has since become so general in 
boats iiitended for river navigation. W^e were present at the first 
exjicri mental trip, having been invited by that able engineer and 
splendid mechanician, the late Henry Maudslay, Esq, There were 
present, besides the late Mr. Maudslay and his son, the inventor, 
Mr, Joshua Field, Mr. Bryan Doukin,'the late Sir Isambert Marc 
Bruuel, and othersi, whose names confer weight, hoiu»ur, and dig- 
nity to the profession. The experimental trip was from London to 
Richmond, and back again. It took place at a time when there 
was a heavy Hood oi uater in the Thames. The boat was of light 
drsift, tfie engines were powerful, and it answered admirably well. 

Til at the oscillating principle is well adapted to boats of light 
draft, there cannot, we think, be a ditftieuee of opinion. But we 
must be purdoned, if we doubt its equal applicability to stationary 
purposes. At any rate, we cannot perceive how it is that so great 
an advantage has been obtained by the adoption of this principle of 
CiuiJ^truclion, added to tlwt of the double cylinder of WooB, ua is 
now stjited to be; aud by which it is allirmJd, that the quantity of 
coal consumed lor each horse pouer per hour, is less than three 
pounds. 

We cannot give credence to this statement; nor can we believe 
thut it has been given to the public with the sanction of so respect* 
able a firm as the Messr;,. Joyce. We cannot perceive in what 
respect these engines can consinue leas coal, per horsepower, than 
other kinds of engines, witli beams or without beams, equally well 
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OODStnicted. If we be in error, we shall lie ehd to be f^et ri^rht; 
■nd shall be rejoiced t<» be becume acqiiHinted with the nnriutia? of 
to imparlMii luid »o gratifying n fiu't, tlmt a rntatary fly-wheel 
enfKtRe, tot land purpose!*, c^in he made to do with three piiund* of 
ooai per i?»ich horse power per hour. 

We still donlit the fact: if we he in error, we respectfully invite 
tJie Messrs. Joyce to verify the stHtement, by muking known to the 
publu:, through our Jourttal^ the following particulars to guide 



Diameter of each dteam-cyliuder, and len^^h of stroke? 

At what pressure the steam was worked in the smidl cylinder? 

The nnniber of strt)kes made per minute? 

The diameter and weijurht of the miIl-tstone«,* and the number of 
revoli_iti<m» made by them per minute? 

'l*he quantity of wheat ground per hour, when the bolting and 
dresstniT machines were at work as well? 

The nominal power of the eng^ines? 

And the quantity of coal consumed? 

We fthall be glad also to learn, whether the consumption of coal 
per each horse power, per hour, were estimated on the full indicated 
power — inclusive of friction, the po^♦er curisunied by the niimps. 
See,; or whether it were given to the world on the nominal horse 
power, sfl it ought to have been? If *m the former, its tendency is, 
most unque^ionably, to convey an erroneous imprefesion. 

We shall be glad to hear from the Messrs. Joyce on this subject. 




THE HEALTH QUESTION— WATER SUPPLY ADMI- 
NISTRATION. 

Although there have been sueressive agitntions furbetter water, 

wch of which has died away, yet the time now comes when the 

ittblic H in earnest, and something will be done, po tbnt the <\ne»- 

'un only remains how. Undoubtedly it is of nnu-lj importance, 

at the best spring ghould be gone to; but it h of much more 

oment, that tlie best mode of mMuagcment should be re.'iortcd to. 

Then we »ny " the bes^t," we do mjt mean the best thei>rclicaily, 

at which will work most eiifrgetically, and in which the public 

]iAve most confidence. Thi*, too, is a matter which hh much 

t« our readers as the levels and iiressurea incident to the 

pply. Indeed, what can interest them more than to know 

o arc to be their employers? Further, it must not be lo^t **iirht 

of, that the gieat progress in the water movement, as in the drain- 

fe and other improvements fi»r heinltb, is owiuif to the enirineers, 

Sogineers have shown, that water can be cheaply niisted, efficiently 

J, and sent into the houses as a constant i?ii]*ply, just in the 

• way that by improvements in the form imd cfm>tructi<»n of 

er?t, the)' paved the way for the extension of the sewag-e svstem, 

. Chadwick has done much; medical men have done niuclj; but 

share of the engiueerJ^<^ althou^'-h little noticed hy the puldic, 

purposely kept out of sight by the gi>vernmeiit, is none the 

«« worthy of regard. A» is too ctimmon, thoise who halbnt the 

oudost are those moi«t looked to; and those who do the wnrk, for- 

tten. It is much harder to lay down a pood and cheap sewer 

ban to make an outer}' about want of drainage; and yet he who 

I the work tjet« the Jeaist reward, 

Thra uns,ttihfiictory j*tate of aifstir^ i?, to a greiit degree, dependent 

I the system of managenieirt now adopted, and for this* rention in 

articular we now take up the pen, in the liope of gaining the 

»[>eration of our readers. Hitherto the gyetem bus heen b?id ; 

but c^re must be taken, that in making alterations, one hnd f^ysiem 

I not subsstituted for an<»ther; or, indeed, a worse system for what 

I now bad enough. The water companies have failed to wurk well, — ► 

be Sewers Commission is unsettled, — the Health t'ommissitm h 

&nly in a provii»ional state,^ — the management of btre^ts, paving, 

Fmnd lighting h dUorrani&^ed. 

■ We know there la one favourite panaceft in Downing-Btreet 

overnment management; nnd there in a strong push made to 

bring it to bear on the water supply, but with no «ufficient reason. 

"f there were formerly people weak enough to beliere that govern- 

tient management i^ perfection, that belief i« now iphakeo. Every 

paper that comes out, gives the fullest and atrongetit proofs of 

Eovernment mismanagement; and the last year's exposures have 

Seen swfuL We knew before how bad are the Post Office, the 

JCovemment Life Annuity arrangements, the Colonial Office, our 

iForeign relations, the Exchequer Bill Office, the Victualling De- 

> l^artmeut^ the Board of Works, and the Railway Commission ; but 

auw enlightened as to the management of the doiik yardjs 



and steam navy, the crown forests, the Money Order Office, the 
Mint, and the Kcclesia^stical Commission* Those must be mad, 
indeed, who trust the government willingly with the management 
of anything. 

As the grand features of government management are irre««pon- 
sibility to the public and inaccessibility to individuals, and as these 
are the chief evils of the present water management, we may well 
hesitate when the transfer of powers is proposed. As, too^ the 
management would be concentrated under the government without 
any corrcsjionding advantages, the result might be an exchange of 
King Log for Ring Stork. 

So far for public interests: and as for professional intereeta, the 
proposition of government administration hears with it no greater 
inducements. It is never the object of the government to employ 
t«ilent; but to work their patronage ft^r political purposes, resort- 
ing to talent only in the hiBt emergency. This fitatement requires 
no comment, for its truth is within the experience of every one. 
Further, the government, wherever they can, avoid the cmplov- 
ment of civil engineers, and employ military engineers, as tfie 
many di».tressed members of the profession in t!ie metropolis know, 
to their sorrow. Whereas, in other countriei%, civil engineers and 
surveyor** are employed to execute the general survey and cafioHtrf\ 
here, without any reason, such work is given to the Ordnance 
department. In the fir^t new Cominigsion of Sewers, not on© 
civil engineer was named; and, in the following Commission, 
Messn^. Stephenson and Rendel are muzzled by twice the number 
of military engineer*. It is no uncommon thing at the meetings 
of the Commissioners for no civil eng-ineer to he present, or for 
one civil engint^er to he present and three military engineer^?. 
Having ?een these things, we do m)t advocate government manage* 
ment; while so far as we know, the Caty of Londim. the Old Sewern 
Commissioners, and paving boards, do nut employ captains and 
lieutenantfci, but competent civil engineerFi and surveyors. 

The profession have forced the government to do something' to 
name civil engineers on the Sewers Commisjsion and the Nations^l 
Exbibitjon Con*mi8sion; and the wedge, having been thrust in, muft 
be driven bon»e. 

As to mock public bodies under the name of independent trusts 
and board a, they are as hud as regular government commis- 
sions; and we may refer to the Old Commissioners of Sewers, the 
Trustecft of the british Mtisei m, the Ct unty Mngistrates, the 
Moneyers of the Mint, and the Hftynl Academicians. These par- 
ties, ualessit suits them, do not eccn acknowledge the jurisdiction 
of the legislature, w hile the nsses^^mtnts of the county rates wnd 
police niles »re very unbittisfuctory to the rate-payers, »*ho h«vo 
no renvedy but to send deputfitions to Sir George Grey, which aro 
not always received. A secretary of state is too great a man to 
listen to jiarish vestries. 

No Vfilid objection dies, eo far as we know, to the management 
by the public of thuir own ijffjiirs. Tht City i^ewers and paving are 
ejuite ns well m«im'ged as nny ; and it ia to be presumed the con- 
stituency tvre ftatiwKed, as they are not turning out their repre- 
sentatives, uhich they have the power to do when dii^^pleased. The 
government have likcwjKe bef n forced to allow the citizens to be 
repre.«ented in the Metropolitsin Ct nimis^sittn of Sewers, If the 
(government do not choose to give corporations to Marylebone and 
Lambeth^ that is no reason why the inhabitants f^hould be deprived 
of the control over their own interests*, which is allowt il to the in- 
hid>itHntH of Manchester and liirmiaghjim, though neither of these 
hnd a corporation before the Municipal Heforni Bill. No one will 
say that the people of Marylebone nre lens lit to manage their 
sewers and water snupply than the people of IVIanchesler, nor thut 
there ii any greater need for government tutelage of the foimer 
than of the latter. 'Hie people of Marylebone do iu>t Rnk for 
government tulela^^e, but repudiwte it, and do not oi?*er to give up 
to tlie government the contio] over the poor, the paving and the 
gfia companiei^ 

Of course the government, whenever public management ia talked 
of, have a holy horror of jobbing; nay, if they durst, they would cast 
the charge o/ jubhing in the teeth of the Corporation of London, 
and the Marylehone vestry. Perfect management can never begot 
from imperfect human nature, and therefore jobbing may be ex- 
pected; but at any rate the citizens of London, the burgesses 
of Manchet^ter, and the inhabitants of Marylebone, job with what 
is their own, for their own benefit; whereas the government job 
with what is ours, for their own benelit. There have been some 
pretty things done in corporal ionu; but while Lord Monteagle, Lord 
Brougham, and Lord Ellenborough, sit in the House of Lords, the 
let»8 that is said iu high {quarters about jobbing the better. 
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The election of a general Commissmn may take place either 
directly by the ratepayers, or indirectly by means of the boarii!* of 
1,'iiariiiHns. The latter way wilj do well enough for the present. 

]n.ste«id of one central Commk-^too, which cannot attend to the 
iorliv^idual demnnd^ of two millions* and a half of people, living in 
wore than a ijn-^rter of a million of dwellings, we anould prefer di^ 
trtet Commisjiii»n!«*vith tlie power of uniting for any general purpose. 
To these we would c<imnnit the care of the sewers^ street improve- 
ment!*, paWng, cleansinj^, lighting, water, and turnpike roads. 

Our reaiion for preferring district Commiswions ia, thnt the 
working of a Central Sewer Commission la nnt favoumhle to the 

I dan of one (*ommission — while no general |Jkin of drainage haw 
>een adopted, and no general mea?Jure has been carried out, the 
lUtereMt^ of localities have been neglected* Indeed, what care is 
likely to be taken of Poplar or Hatcham^by aboard on which neither 
haa a representative. Local intere^a are therefore left tu the local 
officers, who become virtually irresiionaible, and «et the public at 
defiance. Poplar mar he neglected that \Vestmin^ter may have 
the first turn, or LamWth be made to give way to Fimlico. In the 
City of Ltiodon Commission, which exercises all the functions we 
have wished to see united, each locality has its representative; and 
the individual can, »» he pleaaes, apply to hia own repreiteDtative, 
living in his own iftreet, or to the whole court. 

The system we have proposed will get rid of the confusion and 
expense of so many separate truatt) as now exist, afford all the 
beneiit!3 of centralisation, and yet be perfectly acces^iible and 
nmenahle to public control, — while it will have a Buifi«iently per- 
manent character* The system has worked well in the City of 
London, and there is no reason it should not work well throughout 
the metropolis. 

Of course it is difficult arbitrarily to define new districts, but we 
think as far a$ possible the several natural water courisei? should 
form separate districta, and the line of di virion should he taken 
upon the water shed. The Lea, the Fleet, and the Bayiiwater 
brook dijitricts, have few iiiterestii in convmon, and such a* there 
lire can readily be arranged by a convention or delegation af the 
several disjtricts. If a new outfall is to he provided, or some new 
K lUrce for water, a delegation from the several Conimi?isi(uis can 
very well manage it, as the separate committeeii of one Cirmmis- 
» on or corporation perform separate functions, so in the City, th© 
Bridge Committee, the Improvements Committee, the Navigation 
Committee, and the Markets Committee. 

Westminster and Marylebone might, we think, form one district, 
the line of water shed passing liy ll^jlboni^iiO, and so hy the west 
of the Fleet. The City of London would remain undisturbed. 
Finsbury or the Fleet valley might furm a district, aud the Touer 
Hamlets or the Lea anotfier. (hi the stMith the Raveo&ibuurne, 
Lambeth or the river marsh, and the Vauxhall brook might form the 
bases of other districts. 



SUPPLY OF WATER TO THE METROPOLIS. 

On the 4th of February, Mr. TABBfSRNeii gave a lecture to a 
very respectable audience, in Willis's Rooms, St. Jam«*'s-8quare, 
'^ On the Sources amitable Jbt* Impfoviriff the Supply uf Water to ike 
Metmpolur The Right Hon. Lord de Mauley presided, and 
several members of parliament and scientific gentlemen were also 
present. 

Mr. Tahherner commenced his discourse by observing, that there 
was no necessity for his alluding to the great urgtmcy of improving 
the water supply of the metropolis; the imperative necessity was 
universally admitted as the fir^t step to he taken towards the at- 
tainment of any comprehensive sanitary ameliorations. Public 
opinion had very much cliauged within a abort space of time, as to 
what was to he understood by a good supply of water. The quan- 
tity now estimated ^ absolutely essential for the social require- 
ments of the inhabitants of all liirge towns had increased from 
200 to 300 per cent, over the quantity deemed necessary some 
three or four years since. Without unnetiessary prefivce to his 
object, he \vould therefore at «mce proceed to point out^first, the 
various mL*an« of imoroving the metropolitan supply afforded by 
the surface waters aujacent to London; secondly, he would enter 
into a genlogical explanatifui of the structure of the chalk stratum 
beneath and around Loudon, and its capabilities of aflording water 
to the inhabitants by meiius of Artesian weU«, which he would 
illustrate hy the several diagrams then before them; and, thirdly, 
expound tfie great benefits that will accrue to the public socially 
and fiscally, by coii4«>Udatiag the whole water supply of the m«>- 



tropolis, the drainage and sewerage, paving and lighting, and thf 
regulations pertaining to the erection of metronolitan ^uiidingi, 
under one public commission, directly reBponsibJe to the inhabi- 
tants and the government conjointly. The lecturer then prcv 
cecded to say, that the surface waters available to London prifi- 
cipally rose as springs from the chalk formation, by which the 
metropolis is surrounded, and extending under the aUuviaJ dejXMlti 
upon which it is built. Jf we took the south and east of London 
from the outsides of the inclinations of the chalk basin, we hadtli« 
rivers Kennet, Loddou, Auborne, Wey, Mole, WandJe^ RaveQ^ 
bourne, and Cray; and on the west and north, the rivers Brent, 
C«lne, (lade, Verulum, Lee, Stort, Ware, and Rodding — all of which 
took their rise as chalk springs, and grew into importatit streams 
and indirect tributaries of the river Thames: the latter taking iti 
rise from several springs in Gloucestershire, and^ as they were 
aware, grew into a navigable stream by the natural drainage of 
the country through which it wound its course to the metropolii. 
The quantity of whole.somc water available from the above surface 
Btiurces alone to the use of the Loodoa ptiblic, would amount to 
from ^00 to 300 million gallons per diem. 

The schemes now befi»re the public for improving the geotnl 
water supply, vi«., the Wandle, the proposed improvement of klit 
Lambeth Company's works, by taking their future supply from 
Thames Ditton ; the Maideu'head, the Heuley«iin-Thame«, the 
Mapledurham, and Watford schemes, were severally explained by 
Mr. Tabbenier, who, of the Thames schemes, gave the preference 
Ui the Henley-on-Thames, in consequence of the conHuence of the 
rivers Ken net, Lodden, and Auborne, just above the source of 
supjdy ; and also because it proposed to place the whole water ser- 
vice under the control of a public commission. As to whether the 
quality of the water would C4intinue permanently good, and as to 
whether the navigation of the river would be damaged by the pro- 
po^ed abstraction of 100 million gallons of water every 24 hour«, 
were points to be decided. These, he mid, were difficulties to be 
overcome, which would at least require skill and mature consi- 
deration; and concluded the lirst part of his discourse by ex- 
plaining the late Mr, Telford's schenies, and the propositions made 
to improve the New River Company's and the East London Com- 
pany's eupjjlies, by taking the waters of the rivers Ware, Stort, 
and Uodding* 

Mr. Tabbbrnkb then described the alluvial and chalk deposits 
upon whifh London was built, and proceeded to urge that the 
many statements which had gone forth to the public from Dr. 
Liyikland, the Rev, Mr. Clutterbuck, Mr. Braitbwaite, andothert^ 
wi're wrong with respect to the alleged failures of many of the 

commonly-called Artesian wells sunk in and around London 

especially the theories nf Mr. Clutterbuck. It had been stated that 
the Messrs. Barclays and Messrs. Calverts were now compelled to 
work alternate days on account of their interfering with e^ch 
others wells: there was not a particle of truth in such a state- 
ment. Originally, when both their wells were sunk only into the 
sand above the chalk, they undoubtedly did ulfect each other; but 
since Messrs. Barclay had sunk 153 feet into the chalk, they had 
had an uninterrupted supply of water. The qaantity had, how- 
ever, somewhat diminished since 1843, owing to a fact important 
to be known. When they first sunk the bore^pioe into the chalk, 
they at the same time continued to avail themselves of the water 
afforded in the siuid, hy perforating that portion of the pipe which 
passed through it; the sand had consequently percolated through 
those perforations with the water, and had urecipitated down^ and 
become consolidated in the pipe of the chalk to the extent of 73 
feet, and had stopped the free passage of the water from the fis- 
sures of the chalk. A short time since the pipes had been cleaned 
out, and the water had since gradually risen. He had no doubt 
that many similar unascertained casualties existed. Mr. Tab- 
berner then gave a description of the capabilities of the Trafiil- 
gar-square works, showing that when they were quite completed 
they would be able to afford from 1,000 to 1,200 gallons of water 
per minute, a supply which would be sufficient to furnish the Ser- 
oentine River, the Barracks round the parks and at the back of the 
National Gallery, the Fountains in Trafalgar-square, the Queen's 
Palaces, the Houses of Parliament, the whole of the Government 
Offices, the Baths and Wash-houses in St. Marti nVin-the- Fields, 
&c,, at an annual charge of from 1,^)0/. to 1,500/. less than such ft 
supply would cost if taken from the Chelsea Water Company. l*he 
whole outlay would be about 18,51)0/., and the annual working ex- 
penses 1,000/, He further adduced many facts, showing, by care- 
fully prepared diagrams of the principal deep wells, and of the 
gaud and chalk strata, at what depths beneath the London clay an 
uninterrupted supply of water might be obtained, and where and 
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the elevAtkns of tbe chalk beneath the rhy interposed diffi- 

!#• in obtain in jBT a supply of water ; cleflrly <l'em<mst rating that 

■ the water in the sand-bed above the chalk, and not the 

in the depths of the chalk, that wm limited in c|Uftntitv; 

describing how, from the declivity of the chalk formation, the 

ee thereof under the alluvial deposits di^ichar^red the water 

the sand; and how the wells sunk only into the sand were 

or lew subuervient to each other. 

A disrussion here arose between Mr. BnAirnwAtTE and the 

lecturer, the former endeavcmrinpf to i)rove that the increased 

Etity of water at Covent-^rden market had been obtained by 
oving and lowering the piimt>g of the well, and not altogether by 
n^ the bore-pipe into the chalk, — Mr. Tabberner said he was 
not cnrrtending for the mechanical superiority of one engineer 
over another, but for the demonstration of the fact that for many 
jrcoTS Mr. Braithwaite had been endeavouring to obtain a ttufficicnt 
quantity of water for the market out of the sand-bed above the 
ehaJk, and that he had not succeeded, Messrs, Easton and Amos 
Ti»d subsequently bored 90 feet into the chalk, and thence ob- 
tained a bountiful supply of water This instance, and many 
others which Mr, Tabberner adduced, showed that Mr, Braith- 
wwtc was wrong in his supposition that the principal body of 
vater was to be found in the f^and and not in the chalk, 

Mr. Ci^JiKK, who had bored a great number of wells in and 
around London, and who was then engaged in extending the boring 
ef the Southampton deep well, here rose to support Mr. Tabberner a 
?iew$. He had fret|uently bored considerable depths into the 
chalk without obtaining water; but by continuing to bore deeper 
he had always ultimately found an abundance of water. 

Mr, Tabbehj«er then proceeded to describe the quality of the 
chalk water, showing that rejiorts as to its hard and chalybeate 
qualities were not founded in truth. The carbonate of lime and 
maignesia, which were the hardening constituents*, did not amount 
to 6 grains in the gallon, while the same constituents in the 
Thames water amounted to from 10 to 12 grains in the gallon. He 
further urged that the other properties contained in the chalk 
water were esaeDtjaJly wholesome, and necessary to the natural 
support of the human body. The rain aj3 it fell on the exposed 
flurface of the chalk wasjyyre water; but as it percolated through 
the chidk fissures, it took up in its coarse, in a greater ur lass 
degree, the carbonate of lime, magnesia, the alkaline, and other 
eoBStituents he had alluded to. He diBtinctly contradicted the 
^ iundless supposition that the s*ea water found its way into the deep 
wells of the chalk under London, and denounced the idea as a 
theory perfectly fallacious and untenable. 

Mr, Bbaithwaite here again denied Mr. Tabberner's last posi- 

"ontobe correct, and gave Professor Brande as his authority. 

e said, all deep wells, the water of which did not rise to the level 

Trinity low-water datum, were affected by the sea-water per- 

lating into them, and instanced the deep wells at the Mint and 

. rafalgar-square respectively, as producing water so affected* — Mr. 

Tabberner took Mr, Brt^ithwaite'sown authority, Professor Brande; 

from a paper of the latter lately published, showed that the 

contents found in the water of the well iit the Mint, were 38 

io the gallon; and that the solid contents found in the water 

falgar-€4iuare, were 6B grains in the gallon. He contended 

Mr. Braithwaite was again in tlie wrong; the salt and alku- 

properties of both wells differed in the same ratio, and there 

s no two wells alike* He, Mr, Tabberner, therefore submitted, 

whether, if both these wells — indeed all the deep wells — produced 

9eA water, they would not be identical in their constituents: the 

fact of their not being ao would not justify Professor Brande, Mr. 

•Braithwaite, or any one else, in the sunposif ion that the water in 

the deep wells, or what was commonly called Artesian wells, as 

funk into the chalk formation under London, were impregnated 

irith sea water. 

Mr. Clabkb here said, that he had bored the well at the Mint» 
nod that Professor Brande had told him that the water raised from 
it wad veiy pure. 

Obtain MooBsoM asked Mr. Tabberner, whether it was not true 
that many of the London brewers had been in great difficulties 
irith regard to their stijiply of water from the chalk; and if they 
hnd not been compelled to deepen their wells? 

Mr, Tabbernkr asLid they had, as he had already admitted; and 
It would be contrary to common-sense and the natural laws of 
hydraulics, to suppose that the level of the water of the chalk did 
nit lower as the number of wells sunk into it increased. There was 
^_ hut an average of 21 inches of rain fell upon the chalk surface; 
^und supposing only 10 inches of the whole quantity percolated 






through the fissures into the depths of the chalk, only that quan- 
tity could be found in it; 'kind supposing that first ICK) wells were 
sunk, then 200, then 500, and so on. it was very natural and a 
necesaary deduction, that the original level of the water would he 
gradually lowered; but us the wells were deepened into the vale 
of the chalk formation, the water would be found in proportion to 
the depths in greater abundance, and the general level of the water 
contained in the fissures would vary according to the quantity of 
rain and snow falling on the exposed surface of the chalk; anil in 
proportion to the quantity of rain so falling, repletion would be 
alTorded to the wells—and he had no doubt in his own mind, that 
from -KlO to 500 million gallons of water might be raised from the 
depths of the chalk stratum per diem. He estimated the cogt of 
an Artesian plant, consisting of 100 wells and engine power, l,*iOO 
miles of 7-inch main piping, and the contingencies pertaining to 
an underfaking competent to supply from 30 to 50 million gallons 
of water everj^ 24 hours, at 1,700,000/, The annual cost of a con- 
tinuous high and low service to eyery house, he estimated at about 
70,000/,, or about ijrf. per 1000 gallons. 

Mr, Tabber]¥eb concluded his lecture by it statistical e3q>o8ition 
of the saving that mi^'bt be effected to the public, by taking the 
writer supply out of Ihe hands of trading bodies, and hereafter 

E lacing it under the control and management of a public elective 
oard, as public property, subjected to the supervision of govern- 
ment» He would first ur|^e upon the government the necessity of 
introdnciug a meat^ure into Parliament, which should provide for 
such a board, with powers to raise money upon the future rates, to 
be equally levied according to the assessment upon every house 
throughout the metnrpolis, the ground landlords being made liable 
for the rate, which liability should enjuin compulsory powers to 
extend the water supply to every house, and to make such supply 
a part and parcel of the fee-simple; while every site npplied to 
future erections of any denomination whatever, should be charge- 
able with the cost of extension of water-service mains and pipes to 
such property aa it was used for building purposes. He would 
then raise sufficient means to purchane the plants and interests of 
the existing companies, which he would turn to sanitary purposes, 
aod provide an entire new continuous plant for domestic purposes, 
the whole cost of which he computed at about 4,500,000/., which 
he stated might be raised without ai^king government or the rate- 
payers for one shilling, w^hile the average rates might immediately 
be reduced very considerably. Thus would be restored to the 
inhabitants that indefeasible public right to this fir^t necessity to 
man's subsii^tence, which was formerly enjoyed by the citizens of 
London prior to the corporation transferring that right to commer- 
cial speculators. Mr, Ta!*berner set forth his calculations in the 
following form: — The present population was 2,336,000; and divid- 
ing that number by 7 (the niean number of inhabitants, according 
to the Registrar- General's Report, to every house), the number of 
houses comprising the metropolis, would be 333,000 houses, or sav, 
for the sake of round numbers, 330,000, to each of whicli he would 
supply an average of 175 gallons of water, or 25 gallons to each 
individual of a populatiou of ^i,336,000, every day, at an average 
annual cost of 8** per house, estimating the cost of water (in 
accordance with the prime cost to the existing companies, and aisu 
of the proposed new schemes), at i^d. per louo gallons. 

This average rate of Ss, upon 330,000 houses, would £ 
produce 133,000 

To pay 4 per cent, on 4,500,000/., he would require an 
aaditional average rate of 1 1 v. 3<1 on 330,000 houses, 
which would produce ,,., 160,000 

To raise a liquidating fund to pay off the 4,500,000/, 
borrowed over a term of 30 years, he would require 
a further average rate of 6*. 3d. on 330,000 houses, 
producing 100,000 

Or a total average rate of 2&ii. 6d. per house, produc- 
ing a gross annual revenue of ,.....** .«.,... .JC413,0CHi 

This average rate of 25s. Gd. per house would be gradually 
reduced as the progress of annual liquidation went on, till the 
whole debt was di^st barged, and the whole water supply becon e 
free to the inhabitants at the mere cost of conveyance, whicli 
result, under good and economical management, would be accom- 
plished in a much less term than 30 years. 

The average rate for every house supplied by the present 
comnanies was, in the year 1H33, 30*. 10|rf., 5*. 4|rf, more than the 
total average required by Mr. Tabberner to accomplish all he 
proposes; and presuming that the average rate now charged by 
the companies is not less than it was in 1633, it will appear taai the 
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Hfinual cost of the pi^sent wntef sapply to only «59,668 housea 
(tlie number of water tenantt givea by Sir vVilliam Clay), »« 
S9l,l2t/. 18*. 6rf,, or Jittle under 22,nooV. le«j? than the annual 
revenue required by the lecturer to supply 330,000 houses, nnd to 

J)\y off all the sum required to n^nrtl jid entire new service for 
lomestic uses, and to iiurchaso the pkntji of fill the j^re^ent com- 
pfiuies for ^nnititry purposeis. 

Mr. Tabbekneu propo»ii?d, that the puhlio commiseinn under 
which this beneficial sanitary institutiuu j^bouhl be etttablished, mid 
by which it should he worked, should he composed of property - 
quali6ed ratepayers, four or six out of every electoral district, to 
he periodically elected^ — say one-tbird to retire every three yearsi, 
wnd to he eligible to he re*elected; which commission siiotild 
appoiDt an actiuf; pjiid committee, mit members of the commis' 
sion, but practicaliy-tfunlHied men, a« public servants^ — which 
committee i<ihould be bound constantly to attend, and to devute 
the whole of their time to the husinet$s of the commisdnn^ aided 
by not more than two government inspectors, through whom the 
comniission should be made reHpon*iihle to ^jveniment throuf^h 
the medium of the Board of ilefilth: thus pnuiucin^ a power nf 
control directly responsible to the inhHbitant!4 and to th« jfuvern- 
ment* And in addition to the water supply, he would place the 
control iiiid manag^ement of the neweratce and drainag'e, paving and 
lighting, and the erection of metropulitnn buildings, under one and 
the same commission ; thereby secure efficiency, uniformity, and 
economy, and, he believed, in a very short space of time, an annual 
saving of the public fuudsj of not less than :ii)0,t>00/. He ako sug- 
gested, that it would be well to muke liuch a Hill t\s he proposed, 
compiilsoriJy uppMcahle to every town and city in the Lnited 
Kingdom; each place to be divided into districts, and eacli com- 
mi8i«iou to be elected in numbers according to the itmnunt of popu- 
lation, and the whtile also i-iiihjected to an ius^pt'ction respouHilde to 
go%'ernment through the medium of thi^generdJ Board of Health. 



H E xM A R K S 

OS THE PLAN PROP*JSEO BY THE 

METROPOLITAN COMMISSIONERS OF SE\rERS 

FOB THK 

DRAINAGE OF THE SURREY SIDE OF THE METROPOLIS. 

*' Al prcient ibrr« la i prrTalMng apprnAth to tfcr^nivnt In the ^c-iencM. roandiMl on an 
ob*«TTKUon of eutiFard nArurf. Wlivn conlroriTtien iri>e In llies^ •St'lci^cen, ibt^V ^fe 
gifitrmtly confined to lltnUMl tiuettlucii, *ticl to poinU i»poii \%\i\ch aUmOon hu liern 
retifenUy tur»e(l. and after a Ume ibry are trilled by irivfi itgotiuti ut\tl rtAtooJug.**— 
LKWIS. '£iMy on tbe laflueno* or Authority In EDUCterA nt Opiuioii/ 

" It bu beeo itiown in nuUertof drftlutge, tli«l tLe c<!onoiny «t)d efficlMiey of the worki 
wtU b« ■Gcordlng to the quadfiMtlQiit^ the tiou-f r«. and llie rufjtunlbltitiei of the offireri 
appointed to execute them, secured by l«|ji«]4Uve ftie«it*i ai>d ibni new lulxiur an the u-d 
eondlltofl, ndtbout •kill, ivill be executed Id iLe old manner, extravu^antly u»d tufiSd- 
mtlf."— KDWtN CBADWICK. » Report from the Poo* l^vr r«jm.TiU»i»*oeP» OO the 
S4futanr CoDdJtloD of tile Ubourli}g population at Great firUain/ liMuJ. 

At H meeting of the Memher^^ 4*f the Metropolitan Sewers Com- 
mission, held at the Cliief Office, Oreek-street, Soho^ on the 25th 
of January lu^it, the foUou ing- resolution vfna put from the chair 
by Sir Ilenrv De In Bet: he, and earned: — 

*'That it be recommended to the court thnt the engineer he 
infltructed to jirepare estiinftt(?» for the cuiisiderntion uf the Con;- 
roisaionors, for a |dnn of the drainage uf the Surrey side of the 
Thfimes, with reference to a. emered channel for general outfitll, 
between Viiuxlinll and Deptford, or thereahoiits, by which the 

Jiresent distance hy the river will be sh<nteiied, and n better out- 
all secured; to the contimi,^tion of the channel to and heyoud 
Woolwich, and to the removal of the whole i^ewa^'-e of such area 
from that part of the T!mmes, due attention having been had and 
beini^' paid to those planii sent into thJs Comnussion which relate 
to the same aresi*"* 

\l'e may therefore shortly expect n detailed communication on 
the subject from Mr. Frank Forster; and as, in the event of his 
estimate!^ being deemed satiiifactory, there is not merely a iMissi- 
bility, but a probability, of the propotied scheme being carried into 
effect, we take an early opportunity of making a few brief obser- 
vations on the merits of Captain Vetch'g phtn, which^ we hope, 
will at leant have the effect of directing the attention of the public 
to the i^ecessity of mature cunsideration being given to so impor- 
tant a subject before any plan is finally adopted. 

All we are in possession of as yet respecting the proposed phin 
for the drainage of the Surrey side of the metropolis, is ]jrincipally 
eontiiined in the reported speech of fc^ir Henry l)c la Becbe, deli- 
vered at the meeting of the Comniissionors above alluded to. We 



shall therefore cuofine ourselves strictly to the statements made 
by Sir Henry, and consider how far such statements are likely to 
lead OS to hope ftireuch effectual drainage of the south fiide of the 
river as the public have a right to expect from the ComnusBionerB 
and their engineer. 

It was with no ^mall degree of satisfaction, after the published 
opini«ois of ^tr John Burgoyne and others of the Commiseioaen^ 
that we saw the report in the Ttm«»,* headed '* Drainage of tbe 
Metropolis — Purification of the Thnmeg;*' and the opinions of Sir 
Henry refioecting the importance of the non-pollution of tbe 
Thames fully stated. He concludes this important part of Ids 
address with the folh>wing sentence: — ^* Under all these point* of 
view, it seemed essentially desirable thatthey (tbe Commissioners] 
sliould be iui^tru mental iji removing the sewage from the Thames. 
This is most satisfactory: it settles the important question^ — ''''If 
the Thames to be uolluted, or not?" — '^No." 

In considering i)te manner of draining a district, the matter of 
consideration that deserves our first attention is, that of a sufficient 
outfall; and the question naturally arises, what natural outfall or 
outfall;! does the district and its neighbourhood afford.^ Qf outfallt 
there are three different kinds: iirst, there are natural outfalls 
immediately connected with the district under consideration, which 
again divide themselves into available outfalls and unavailable 
outfalls, according to the conditi^ms Imposed on the engineer — viz., 
according to tbe object or oTijects, whether direct, indirect, or 
both, for which the drainage is contemplated. Secondly, natural 
outfalls, not immediately connected with the district to be drained, 
retjuiring an artificial conduit of communicatiim between the area 
to be drained and that pos^settHiiig the Jiecessary sufficient outfall. 
Thirdly, artificial outfalls.^Let us consider the case in question. 
We have, in the first place, a natural outfall in the river Thames, 
encircling, ha it docs^ nearly the whole of the western, northern, 
and eastern sides of the districts Is it an available outfall or not? 
That the Thames is not to be polluted by the admission of sewage 
matter into its stream^ is at length acknowledged by the Commis- 
sioners themselves. ''They," nays Sir Henry De la Beche, '^should 
recollect that the sewage, according as the population had increased, 
was more abundant in the Thames than formerly. Good as the 
''flushing system' was in many points of view, it had added to this 
evil, inasmuch as tbe matter which was previously collected and 
removed by hand, whs now tlirown into the Thames. Another 
point to be considered was, that since the erection of London- 
bridge there was a difference of 3 A feet iu the height of the water 
above the bridge, and which hatf been a source of considerable 
annoyance to tbe population.** Under "-all these points of view," 
adds Sir Henrv* it seems "'essentially desirable" that the Commii»- 
sioners *'shtmld be instrumental in removing the sewage from the 
Thames." Under these considerations, the natural outfall of the 
district of Southwark becomes an unavaihible outfall. But there 
are other reasons why the Thames should be rejected as a recep- 
tacle for the sewage i^f this portion of the metropolis. It is a 
tidEil river, and portions of the district are below high-watermark; 
from which circumstance it follow?, that whatever meaoB he 
adopted fiir draining the said area, making use of the Thames for 
an outfall, the mode of operation must inevitably become inter- 
mi ttetit instead of constant—the sewers and drains becoming 
cesspaola during portions of each day. Mt^reover, the length of 
time during which, in such a case, the sewage would have to re- 
main confined within the drains, would he in an inverse ratio with 
the inclinations, and, consequently, ''^effectiveness," as reganis 
discharge, of the whole system of drains; or, in other words, 
according to the height of the ciU of the outfnJl-eud of the main 
tie wer. U is true, that by proper trapping much of the evil attend- 
ing an intermittent plan of draining «an be remedied; hut no 
system of sewerage can be deemed really good that is not constant. 
Weil, then, the Ctmimissioners have agreed mo"^! judiciously — not 
to say of nece^ity^not to mnke use of the only natural outfall 
presented by the district. Of neighbouring outfalls (the second 
olaas before alluded to) there are none at all available along the 
line of coawti artificial means, therefore, become indispensable. 

Let us now examine the phm proposed by Captain Vetch, for the 
thorough drainjige of the Surrey side of the river. 

Sir Ilenry De la Heche began his observations to the Commii- 
sioners by calling to their recollection, that when they first took 
office tmder the present Commission, it was intimated to them 
that the subject of the drainage of the Surrey and Kent side of 
the river had received very considerable attention. '* During the 
existence of the previous Commission," c^mtinues Sir Henry, 
^* there had been a committee, termed the * Ordnance Survey Coa*^ 

* *' 'llttM *' of Sftturdfty, Jaau&ry •Sdih, 
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/ four members belonging to which were members of tbe 
t court. During thin time the Ordnance Survey Committee 
n engaged in tliat purt of the metropolis, and were con- 
•irticting the network of levels. It wns thought to be extremely 
dciiirnble that three or more points of the river Bhoiild be con- 
nected with sucii levels, to ascertain the height of the tide. The 
result hzi-s been the production of a very vwluahle collection of 
$ and documents, from which it would appear that they should 
Fatren think of const meting the lines and shortening the dif^ance 
between Batter^ea and Deptford. The minimum difference in the 
tide between these places was 2^ feet. It was obvious that by 
hortening the distance they would accomplish a better fall, if that 
irere needed,** Sir Henry might well nave saved himself the 
[)uble of going into these details, gince from hm own statement, 
f fiilly given, a fall of any kind into the ThameR cannot only not be 
^needed, but is of necessity to be avoided. Btit let us continue., 
Bir Henry "thought he might mention what was, no douht, known 
po the Commisfiioner^, that a vwluable body of information whs 
oUecled by Mr. Page, for the Metropolitan Improvement Com- 
isBion, and which was printed in their repfirts. Part of it was 
anginal, and part contained in other documents, &c.; but he 
[Sir Henry) referred to it as emhotlying a mass of valuable matter/* 
*fu doubt about it. "The attention of Captain Vetch had been 
rt^pecially directed to the formation of a scheme for the drainage 
^f the South wark side of the river Thames, He wished it to he 
particularly noted, that all this occurred previous to the former 
.ommissiun requesting plans to be sent in for the drainiige of the 
netropolis. \\ ith res[»ect to the scheme for taking the shorter 
line on the north and south side of the river, and so partially 
' teversing the drainage, in this* there was no grent novelty* So far 
I lie ten or eleven years ago, he believed that Mr. Thomas Cubitt had 
[proposed a Bchemeof that kind, which was quoted hy Mr, Walker, 
I jn his evidence in 1840, tm the state of the Thamei^. This was not 
|lhc fir^t scheme which included the sto[»ping of the drainage by 
be river, becaui^e Mr. John Martin had previously completed the 
l^heme for drainage on both sides of the Thames. With regard 
ito the south side, their object had been in obtain a fall by shorten- 
ling thf distance, and the opportunity of dushing the main channel 
land any branch channel, without, as novr, discharging all the 
sewage into the Thames; and afterwards affording the opportunity 
of distributing the sewage manure by various lines of railway, as 

ithe wants of ihe public should demand, supposing the drainage 
ihoutd cut the lines uf railway. " 
What are we to understand from all this? Sir Henry, in one 
part of bis speech, moRt emphatically expresses his opinion as to 
the necessity of no longer polluting the bed of the river with the 
filthy discharge of any portion of the sewage of the metropolis; 
and in the next, advocates an outfall into the said river, because 
an *^* advantageous" additional fall of 2^ feet can be obtained by 
taking a shorter course. As to Sir Henry *s statements respecting 
.the evils attending the use of the Thames as an outfall for the 
I sewage of London there can be but one opinion. The writer of a 
[ lending article in the Timea of the 2Bth January last, observes, 
**In the first and foremost place, it [the resolution passed at the 
meeting | contains the deliberate acknowledgment of the Com- 
missioners, that the river Thames should no lunger be retained as 
\ the main sewer of the metropolis, but should be drained and 
cleansed like any other infected locality." And in order to effect 
I tKis draining and cleansing of the bed of the river, it is now pro* 



fiosed to pour into its stream at Deptford, or may be Woolwich, at 
ow water, all the refuse of the densely-impulated district lying 
\ between Battersea and Deptford, tiiat will not hare been carried 



away by rail for agricultural imrposes, ''supposing the drainage 
shonld cut the lines of railway, ^ 

Even admitting the extension of a conduit from Deptford to 
Wiwjlwich, — ^and Sir Henry does not even allude to the snhject in 
bifl speech, — and thereby the removal of the South wark sewage 
beyond the boundary that divides Surrey from Kent, we need 
hardly add that the reasons for discontinuing the pollution of the 
Surrey and Middlesex banks of the river must surely apjdy equally 
powerfully to the Kent bank, bordering so densely populated a dis- 
trict as that lying betwetJu Deptford and Woolwich ; particularly 
when we take into consideration that a discharge of sewage, 
wherever made on the south side of the river* has to meet with the 
inHuence of an i//>-tide, conset|uent on such discharge taking place 
inevitably, on account of the lowness of the district, at low water. 
Sir Henry, who had occasion some years ago, he tells us, to con- 
sider the distribution of sewage into estuaries, and who agrees with 
Sir John Burgoyne, "^nhat the Thames being an estuary, aH the 

Yvm^ coadllkmal on ueUeotal dreumiUacca. 



effects that take place in an estuary must occur in it also," will o 
course understand most readily the results which we are likely to 
anticipate from a removal of the refuse of Simthwark into the bed 
of the Thames, whether at Deptford or Woolwich, at low water ;* 
and from the action of an up*tide, immediately after its discharge. 
We cannot do better than borrow Sir Henry's own words. " Ihe 
sewers discharged their contents into the Thames at low water; 
at that time the water being stagnant, the sewage was discharged 
into the river according to its velocity, but on the first motion of 
the water, it (the sewage) had a tendency to go along both sides of 
the river, and two masses of filth were thus trailed along the banks. 
This was comoosed of matter in chy mical solution, lind mechanical 
suspension. Now these two masses passed along both shores and 
went as far as the tide would carry them,"* This is precisely what 
takes place ; and in the case before us proposed hy Sir il&viTy^ the 
sewage of a large and ponulous district will be discliarged into the 
Thames at Deptford, at low water, according to its velocity : the 
water in the river at the time being stagnant. On the first motion 
of the water, it (the sewage) will have a tendency to go aloug both 
sides <>f the river, and two masses of lUth will thus be trailed along 
both banks. This will be composed of matter in chymical solution, 
and mechanicfd suspension. And these two masses will pass along 
both shores and will go as far up the river as the tide will carry 
them— and we may add, taking the more populated and important 
part of the metropcdis on their way. 

In addition to this, we find that the Thames is not only to be 
polluted with the discharge of the Sotithwark sewage, but that at a 
meeting of the Commissimiers on Friday, the 8th inst*, a sewer 
through a considerable portion of W^estminster, discharging itself 
into the Thames, was determined upon, on the recommendation of 
Mr, Frank Forster, and is about to be carried into effect.* So 
much for the statements of Sir Henry De la Bee he, as to the 
general wish of the Commissioners not to pollute the Thames with 
sewage matter. The writer in the Tinw^^ already quoted, hoped 
for better things when he wrote : — ** Our very words are now almost 
snatched from our mouths by these eager converts. ' There is no 
reason,* says the l.hairman, *why artificial means should be 
adopted to add to the noxious qualities of the river mud.* None 
ill the world, certainly. — ^ It gets moistened with the sewage 
matter, and that adds to the disagreeableness of the filth/ Not a 
doubt about it, — 'Looking on shore, too, this deposit is sure to be 
discovered in situations most inconvenient to the inhabitants/ Of 
course it is. As the American engineer said, ' It seems to take a 
pleasur iji gettin* there,* — All these are axioms, if of a somewhat 
elementary, yet of a most unquesti<mable character, and we are 
only loo glad to see them at length forraaUy recorded." Yes 
"recorded" — and that is all. 

''^ But," it might be argued, " it is not the intention of Captain 
Vetch and the Commissioners to make use of the proposed outfall 
eacclusively for the purm»se of a means of discharge into the 
Thames: they hope the demand for liquid manure will be such as 
to prevent almost entirely the pollution of the river/' If so, we 
can see no necessity for the expense of a main sewer from Batter- 
sea to Deptford, with a continuation to Woolwich — no small 
amount of work to execute. For the purpose of transport into the 
country, mechanical means af some kind must be empkiyed for 
raising the diluted refuse from the low levels at which it will be 
confined, whether the principal outfall be at Deptford, Woolwich, 
or elsewhere ; and surely there can be no kind of apology for 
wasting the public money in constructing expensive works, from 
which no advantage can possibly result, that could not be obtained 
for a far less sum, without such a main sewer. If the Thames is 
really to be rejected as an outffdl, an arliBcial outfall becomes 

9 Aod ir we take Into ctraaldrrnUDD the depth pT itom' of the bu^mrnt ■terin in tome 
of Itie Lvuifit parti of tbe diitrtclj In conorcLloD with the (luestlou of lufflcteiit faU for 
brADcJi dirula*. we think Mr. For»ter wSil uot 0iid low water mark at t>tptforil much too 
low for the Invert of hia lewer. 

4 '• KothiD^ could bt more beautifully expreailve ihau itila deicriptloi]. To ht tun It 
wofl aomewhat luperflutui, ami rriemblet a Uitte thj,t trcbiilcal tcrOlicate of UtAtb'a 
doltkga wblch the medical tvltDe^'aofft'n to a coroner*'* jury :— Dtfceatect having bt-en fouDil 
haoginK, it l» i>roT»d that tb« artlciUntlon of the cervlt with tht occiput haa been dlt- 
ordtfred, and that grettl cxtraTaaatJuD U dlicovcruble in the braln^ — tacti, ooubtlna of 
gTral SiN|iortAnce. but not &ddlD|f much to the -convlcOona of those who li<iid cut the poor 
wretch dowD, atoDe dead. We cJtlBirp» eatn are but too plainly how the aewage liU£.a our 
banka, and ar« jieriectlf willing^ to bcliere that the reiult la In accordance will) the eternal 
Ittwi of «a eatuary. AU we aik I* a verJkt in our favour,"— "Tlf net/* of AlanOAf, 
January 281b. 

A Let the mtte payen took to the new Wettcnlnatar fewer. It cannot be an liiexpen* 
■ Ire xvotk, and It la sure to be either a auperfluoua or au incon^eiikpiit ottv. We admit 
that ftucU atreoruiiiodatlon cannot be delayed until the prfstrnl problem i* ■ulrc i) ; but all 
thli expendliure fur provisloQa>l convenience will become lUile more than a deaJ lo»i whea 
tbe entire ayaleni of aeweraKe la re- modelled. It ta clear enough that we cunnot cleunae 
thv Tbninra In a day, but It ia lureiy time to ceoie paylnu our thouutod* uf pounds in 
order to riilate It mure thorou||hly.*'— CoocJuaion of i, leodlni article Lu t^e " Tlaic»j '* «r 
Sttturday, February llFtb, 
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indispensable ; and consequently there can be no possible tise for m 
mail) sewer srjdi as the one proposed. A ^eat ubjection to what 
are called fir^t-class sewers, too, is their great size^ which renders 
ihem as inefficieat as they are expeuEive. A well matured system 
of drainage should be properly graduated for the effectual removal 
of all refuse matters under well calculated, mean ordinary circum* 
stances ; and for all other cases, such as those of extraordinary 
floods^ other means of removal should be provided, since no same 
fewer can po^ibly be made to act with maximum ethcacy uuder 
the very dissimilar cases of limited or ordiuHry, and extraordinary 
discharge. And surely of the two, we should give the preference 
lo efficacy under usual conditions of supply. To wish therefore 
to build sewers large enough under aoy circumstaores, not ouly 
shows a complete ignorance of the first laws of hydraulic science, 
but argues a want of common-sense on the part of the projector. 
What— 'if we were to object to the human organisation, on the 
ground that the digestive org^ans merely provide for the digestion 
of the ordinary amount of food necetssary for the purposes of life, 
on the score of the inconvenience attending indigestiuri^ cauised by 
no provision having been nuide in caaes oi surfeit of food — of ex- 
traordinary '* feeds'* ? Our metropolitan sewers have been con- 
structed capacious enough for all possible caaes of indigestion ; 
but, unfortunately, tlie gastric ju ice ref|uired — ^hydraulic pressure^ 
^has been found to lessen with the inerease of their secttonal 
areas ; deposits have taken place — accumulations of solid filth have 
blocked them up — the whole fabric has been found not only in- 
effective, but a public nuisance, alike dangerous to the health and 
morals of a Inrge portion of the population. — What the remedy ? 
8couring.^ — The consequence ? A series of intermittent cesspools. 
And is such a Kynteni still to be carried on ? The public money 
expended in creating a still greater number of longitudinal recep- 
tacles for filth ? We hope not. We would lay down as a rule that 
the minimum sufficient drain^ for all ordinary purposes^^'hatever 
Its claims, is the one tliat should of necessity, on the mere prin- 
ciples of economy and common-sense, be adopted. We do not 
presume to settle the questions what the sizes of minimum suffi* 
cient drains should he under various circumHtances, and fur the 
different classes of house, street, court, and main drainage ; but 
this we wish to he understood clearly, that, until minimum suffi- 
cient drains are adopted, maximum hydraulic pressure cannot be 
obtained^and unless maximum hydraulic pressure be obtained, 
maximum scouring- power and efficacy CRnnot possibly be realised. 
Mr. Rendel, in his address to the Board, after seconding the 
motion made by Sir Henry De la Beche, said : " He had no doubt 
that when practical engineers were put upon the Board, something 
practical was intended should be done. He bi^lieved something 
practiciil would be done fmm the present time, and he thought that 
while acting so, they would have the public with them/* We may 
be allowed to observe to Mr. lien del that the putting of practical 
engineers upon the board, wus no kind of reason for at hU cod- 
eluding or believing that something effectual and satisfactory, ns 
well as pruitical, would l>e done in the matter of the drainage of 
the metropolis. Something '' practical" was done, when practical 
engineers were consulted and employed to construct the various 
sewers now existing, — something ^' practical" was done when Kome 
of the leading practical engineers of the day were asked to report 
on the efficacy of these existing sewers— when they perambulated 
them, where poKsihle — and expressed themnelves fully satisfied ! 
But unfortunately the ** practice" in matters of draiuage, which has 
prevailed in England uo to the presient time, is proved to have 
been most defective and unsatisfactory. The actual state of the 
drainage of London, after the enormous sums that have been ex- 
pended upon it, is a sufficient warranty of the ignorance of our 
practical engineers respecting the principleH that ought to have 

guided them in the framing of plans for actual execution. The 
anitary Commissioners express themBelves on this subject, in the 
following words : — ''The more the investigation advances, the more 
it is apparent that the progressive improvements and proper exe- 
cution of this class of public works, together with the appliances of 
hydraulic engineering, cannot be reasonably expected to be dealt 
with incidentally or collaterally to tirdinary occupation, or even to 
connected professional pursuits, but require a degree of special ttud^ 
which mtt ontf/ place ihem fteifond ffte ttphftre of the ducuision ofpopuiar 
odminiMrtiih^ ^»w/i>*, but beyond that of c^rdinary professional engitieer- 
ing and arch itfcf n ra i pract ice, I n ] u st i fi cu t i on of th i s con cl u si o n, and 
to show the evil of tlie perverted application of names of high general 
professional authority, we might adduce examples of the moat 
defective works, which have received their sanction/'* 

And further, " It will be evident to any one who has followed 

« l«l fUjjort of ibe Mvt. Hmu, Cocqidm p. A. 



I the courae of the inquiriea relating to Public Health works, tbmt tbo 

I principles that have been established for future operations wifl 

render inapplicable much of the experience that has been formed ia 

the execution of works of house, street, and land drainage, water 

supply, and general cleansing,"' 

However precise and satisfactory the present state of bydroatft- 
tical engineering (and no better proof of the satisfactory state of 
this branch of science need be adduced than the success Mr. Ren* 
del himself has met with, in the construction of some of the most 
important dock-works connected with this country ; we may also 
instance the lifting of the tubes of the Britannia Bridge by hydro*- 
tatic pressure), the branch to which draining esi^ntiiuly belong*— 
hydrodynamical engineering— is as yet completely in its infan^, 
and little help can be derived from the *** experience'* of past agei. 
Bulky and numerous as are the writers, both English and foreign, 
on hydraulics^ little or nothing, as yet, is known of the principlea 
which regulate the flow- of fluids. The great Newton himself failed • 
to grapple with this truly intricate subject. He invented the method 
of Fluxions, which enabled htm to establtsh a theory of lunar mo* 
tions; but Ite found himself reluctantly obliged to rest satiofiedl 
with a mere approximation, instead of a complete solution, respect* 
ing the motion of three bodies mutually influencing one another; 
and this convinced him how hopeless was the chance of ever accu* 
rately investigating the laws that regulate the motions of fluids 
where innumerable atoms comprise their respective influences on 
each other. **Newton," aays Professor Whewell, in his ' History 
of the Inductive Sciences, "treated the subject theoretically in 
the * Principia;" but we must allow, as Lagrange says, that this si 
the least s^ati^^factory passage of that great work." Formulie, to h& 
depended upon for future works of drainage, must be deduced 
from correct experiments. No data of value can possibly be 
obtained, but from thoroughly checked tables of correct trials; 
and upon correct practical results only ought we to depend for the 
framing of formula* to work with.® Experiments on the flow of 
water through tubes, have, we believe, been carried on by order of 
the Com m last oners. This is a step in the right direction. The 
praclice which will have to guide us must be founded on such expe^ 
riments, and we have little to expect from the mere pai*t expe- 
rience of our practical men; indeed we should rather &bun tfa# 
prejudices which generally accompany the constant treading in the 
same beaten path. 

We have a new field open to ua, with great difficulties to c<m* 
tend with, for as yet we have neither theory nor practice to guida 
UA. Our theory has to be founded on correct experiments: our 
practice on correct theory. Sir John Herschell expresses himself 
with his usual clearness and simplicity on the subject: " It is a 
remarkable and happy fact, that the shortest and most direct of all 
inductions should be, that which has led at once, and almost by a 
single step, to the highest of all natural laws— we mean those of 
motion and force* Nothing can be more simple, precise, and gene-- 
ral than the enunciation of these laws; and their application to 
particular facts in the descending or deductive method, is limited 
by nothing but the limited extent of our mathematics. It would 
seem, then, that dynamical science were taken thenceforward out 
of the pale tif induction, and transformed into a matter of abso* 
lute d priori reasoning, as much as geometry; and so it would be, 
were our mathematics perfect and alt the data known. Unhappily^ 
the first i^ so far from being the case, that in many of the most 
interesting branches of dynamical inquiry, they leave us com- 
pletely at a loss. In what reiatea to the nmtions ofjfuid^s^Jiyr instance^ 
this is gemrtlgfelt. We can include our problems, it is true, in 
algebraical equation?, and we can demonstrate that they contain 
the solutions; but the equEitions themselves are m intractable, nnd 
present such insuperable difficulties^ that they often leave us quite 
as much in the dark as before. But even were these dithcultiei 
overcome, recourse to experience must still be had to e>tablish the 
data on which particular applications are to depend; and although 
mathematic*d analysis affords very powerful means of representing 
in general terms the data of any proposed case, and afterward^ 
by comparison of its results with fact, determining what thoie 
data must be to explain the observed phenomena, still, in any mode 
of considering the matters, an appeal to experience in every par- 
ticular instance of application is unavoidable, even when the gene* 
ral principles are regarded as sufficiently established without it. 
Now, in all suck cases of difficulty^ we mu*t recur to our mducHm 

T Circular L«LUr lu Caadldxtei fur Jotp«ciarftbt|it, p. 2. 

• Principta, Hook U. Prop. S7, lit KdSt.^ 1087. »oa Ibc 2iid Edlltoa of 1714. wkich con* 
Ulni N«urlon^« BlU-ted turaltnenl Of ihe lubjccl. 

• *' The •d«nrt> of the motlou* of fl«W», utAWte all other jirlmnry drpmrtments ofne- 
cbftnlc*, I* a •ubjpct dd frhlcli we lUU nevd csjiffriiuuiU lo potot oui Uie JuDdnmental 
pHflt^lplts."— W lirwell . 
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V, and regard the branche» of dynamical sciences, where th is takes 
pbety as purdy experimental. By this we ^ain an immense advan- 
tage, — viz., that in all those points of them where the abstract 
^Ijiunnical principles do afford distinct conclusions, we obtain veri- 
fications for our inductions of the hig^hest and finest possible kind. 
When we work our way up inductively to one of these results, we 
cannot help feeling the strongest assurance of the validity of the 
induction. The necessity of this appeal to experiment, in everything 
Ttbting to the motions qfftuids on the large scale, has long been felt," 

We have thought proper to enter thus fully on the actual state 
of hydrodynamical engineering in connection with its own parti- 
eolar branch — the drainage or towns, and the little reliance to be 
^aeed, lienceforth, in the experience and practice which has pro- 
onoed the defects in, and evils of, the present existing works ; and 
iriiieh it if the biisiness of the Metropolitan Commissioners of 
flewento remedy, because we find there is a leaning on the part of 
Hie ** praetical men" Mr. Rendel alludes to, to continue pursuing 
Ae old track. '^For his (Mr. Rendel's) own part, he felt he could 
go with the opinion as to avoiding drainage into the Thames, as 
Jkr OM U eauld be avoided^ in reference to obvious and practical conclu- 
«ion#.^o He did not go one jot further; therefore while he went to 
the Inn extent of desiring to purge the Thames from the sewage 
of London, be must be ceitain that when the plan was carried out, 
that rasolt would be obtained. ^^ He believed, that the plan they 
had to-day before them, would go a great way in furthering this 
olgOGt; it wouldy at all events, be a step in the right direction." 
jAnd yet it is an imperfect plan on the old intermittent principle, 
with a liiU into that river, or whose purification we have heard so 
such aUted by the Commissioners. Though unsatisfactory, our 
present knowledge and practice in matters of town drainage, we 
would stUl add, with the writer in the Times, already quoted: — 
^ If the science and resources of the 19th century are incompe- 
tent to effect the drainage of the metropolis, otherwise than by its 
lirer, so it must be; but let us ascertain the necessity, befbre we put up 
wUkUt consequences' 

In conclusion, the plan proposed appears to us defective, — 

Because the sewage of the whole portion of the metropolis, lying 
■onth of the Thames, is to be poured into the river, thereby pol- 
luting it, at one of two highly-peopled districts; and 

Because this discharge taking place at low water, involves the 
eonsequences attending the effects of an up- tide thereon; 

Because a provision being made for flushing the branch-drains, 
implies the possibility of periodical cesspools; 

JB^^nse the provision for flushing tne main sewer, implies the 
intermittent instead of the constant system jof draining; 

Because of the impropriety of '*' flushing" manure already suffi- 
ciently diluted with an ample supply of water; 

Because in the event of the sewage of the district being required 
iar agricultural purposes, the main sewer from Battersea to Dept- 
ford, and its continuation to Woolwich, becomes a waste expen- 
diture; 

\ of the expense attending such a scheme. 



1 • " We readily accept the condition, and consent to aak for nothing impouible.**— 
liMilliH ntlcle of the ** Times/' Monday, January 28th. 

11** When we adrocate the purification of the Thames, it Is with the same ' sine qua 
MB' w tbat alleged by Mr. Rendel, * that the result,' namely, * should be really oh* 
' ' d.*"— "Times," JMoary 28th. 



WELL WATER. 



jHolysis iif the Well Wafer at the Royal Mint, with some Remarks on the 
Waters of ike London Weils, By Professor Brands, f.r.8., v.p.c.s., &e. 
(Extracted from a paper read before the Chemical Society of Iioodon.) 

In eoDsequence of the defective tnpply of water at the Mint, Professor 
Brande was consalted on the best mode of obtaining a necessary supply of 
pore water for that establishment. He was aulboristrd by the master of the 
Mist to consult with Mr. Thomas Clark, an experienced well-engineer, in 
reference to the subject ; and accordingly desired biro to examine into the 
condition and capabilities of all the weds, shafts, and tunnels, connected 
with the iuppliet of water throughout the building. This examination was 
cwefolly and effectually accomphshed, and it appeared that the several wells 
were in a very dilapidated, and some of them in a very dangerous state : tbat 
lew of them were so situated or conditioned as to admit of being sufficiently 
or sefely deepened, so as to yield an adequate supply of water ; and that, as 
respected the wells in the several engine-houses, tbey were mere reservoirs 
conoected with the tunnel-shaft from the tower, and therefore almost 
•idueively sapplied from the muddy source of the Tower moat. 

Hsriag personally convinoed himself of the correctness of this report, iDd 
hmbs^ had Mr. CUrk't statement corroborated by Mr. George Reimie, be 



represented the matter in detail to the roaster of the Minf, and suggested 
three plans for consideration, namely : — 

1. To derive the requisite supplies of water from the water companies.— 
2. To repair the present wells, and to deepen such of them as would admit 
of that operation. — 3. To sink an entirely new well. 

Professor Brande strongly urged the adoption of the latter alternative, 
which after doe consideration, was agreed to. He therefore obtained proper 
plans and estimates from Mr. Clark, which after having been submitted to 
the Board of Works, and by their direction to Major Jebb, were ultimately 
ordered to be carried into execution. 

It may be right to premise, that the total depth of this new well is about 
426 feet; that the depth from the surface down to the chalk is about 224 
feet, and the borings into the chalk about 202 feet ; the following being the 
well-sinker's account of the strata gone through, namely : — 

Feet. 

Ifadeearth n 

Oravel and sand (with water) IS 

Blue clay, with a few Handy veins (no water) 98 

Coloured sand and pebbles (abundance ot water) 14 

Dark sand, with eeins of clay (litlie water) 4 

Mottled clay (dry) 6 

Loamy sand and dark clay (little water) 6 

Bine clay, with shells 6 

White ruck (quite dry) j 

Green sandy ruck and ptbbles (dry).. 8 

Loamy green sand and black prbbles (little water) .. .. 6 

Green s I nd and pebbles (abundance of water) 8 

Dark saod, with aheUs 40 

Flints 10 

Chalk 202 

426 
The lining of the upper part of the well through the gravel and into tha 
blue clay, is composed of stout cast-iron cylinders, l^inch thick, and eighl 
feet clear diameter ; they are made in five feet lengths, with interaal 
flanges three inches wide, packed and jointed with strong bolts and nuts( 
these prevent all access of the land springs from above. The shaft is then 
steined to the depth of 88 feet (that is, nearly through the blue clay,) in 
9inch cemented brickwork ; after which, cast-iron cylinders are resumed of 
seven feet diameter, and these are continued down to the chalk; but after 
passing through the stratum of mottled clay, they include a series of cylinders 
of six feet diameter, the space between the outer and inner cylinders being 
filled with gravel-pebbles; a bore-pipe, 20 inches diameter, and 45 feet long^ 
is then driven to about ten feet into the chalk, and through this the boring 
is continued by an 18-incb auger, to the entire depth of the well. This well, 
and all the works connected with it, were completed at Christmas, 1846; 
and on tbe 1st of January, 1847, the whole of the works of the Mint, and 
the dwelling houses, were supplied with the water, which is raised in a six- 
inch main to a height of 50 feet above the surface, or 130 feet above the 
average level of the water in the well, and is delivered at the rate of 240 
gallons per minute, by means of three pumps of 9-inch diameter, and 8-inch 
stroke, into a tank supported upon a building of brickwork. This tank is 
100 feet long, 30 wide, and 5 deep; it contains, therefore, 13,000 cubie 
feet of water, or 93,750 imperial gallons. Two six-inch cast-iron mains, 
furnished with proper slide-valves, descend from tbis tank, one passing on 
either side of the Mint, so as conveniently to supply the whole of the 
establishment, the daily consumption of the water frequently exceeding 
40,000 gallons; besides which a daily supply of 6,000 gallons is delivered, bj 
means of a main laid from the Mint, across Tower- hill to the Tower, for the 
use of the inhabitants and the garrison, there being at present no serviceable 
wells in that fortress, and the water derived from the adjacent river being 
objectionable in point of cleanliness. The average height which the water 
attains in the shaft of the Mint well is 80 feet from the surface. After a 
day's pumping it is lowered, upon an average, 20 feet, but there it remaina 
stationary, the flow of water from below maintaining the level, or in other 
words, delivering at the rate of about 240 gallons per minute. Before this 
well was completed, and before the boring into the chalk had been accom- 
plished, (he water derived from it contained 44 grains of dry saline matter 
in the imperial gallon. At present, the machinery being complete, and tbo 
well in full and daily use, the mean of several experiments in reference to 
the solid matter contained in tbe imperial gallon of the water, amounts to 
37'5 grains. The substances contained in each gallon of tbe water are at 
follows : — 

Sulphnricadd 7*44 

Chlorine .. .. .. .. .. .. 6^11 

Carbonic add (after boiling) .. .. .. .. 5-84 

Silica .. .. .. .. .. .. .. 0-50 

Sodium (combined with chlorine) .. .. .. •• 4*29 

Soda (comblaed with sulphuric and carbonic adds). . . . 10 82 

Lime IM 

Magnesia 071 

Orgauic matter ' 



Phoapborlc ackl 
Iron J 



Traces. 



The water evaporated to one-fifth of its hoik, and filtered, had lost almost 
every trace of lime and of magnesia, so tbat it is probable that the greater 
part of these substances were held in tbe state of carbonates, by excess of 
carbonic acid. The carbonate of lime forma filma during boiling, which 
subside, and appear under the microscope ia the form of very niiaat« 
acicalar crystals. Tbe cryataUioe deposit obtained by slowly evaporating tb» 
water after tbe precipitated carbonate of lime has been separated by flitnk- 
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lion, eihlbjtt under the microicope, three distiact formi^ — ntmely, ctifaei (of 
chtoride of sodium), prisms, wUieh lie dUtinct upon tbe other salts, and are 
efBorescerit, sulphate of toda); and small aggregates of rhomboids inter* 
mixed with imatl tpherical psriicles, like pin-headi (carbonate of soda). The 
residue of the evaporation of the if ater, after having been gradually raised 
to a dull red heat, acquired a grey tint, and exhsled a slight odO'Ur of 
burning azotized matter; and apiece of moiitened turmeric paper held in ibe 
evolved vapour, was transitorily reddened. 

Professor Brande had not been able to detect any potatsa in this water; 
and only a slight indication of the presence of a phospbatCr in the preci- 
pitate deposited by the water during boiling. 

Upon the whole, he is inclined to regard the following as a tolerably cor- 
rect itatenient of the proximate saline componenta of thia water : — 



Cbl4>ride of sodtum 
HnlpKati* of iodi». 
Carbonate of loda 
Carbonate of lime 
CarbdMiale or magtietla 
Silica .. 
Oritanic matter > 

Inn , > 

Pboip boric acid J 



Grains In the 
Imperial ((alloa. 
,. 10 &a 
,. liilA 

., 8 63 

.. 0*60 
.. Tr«c«i. 



The specific gravity of the water at 5S*'ii 10007. Its gaieoui contents be 
his not ascertained. 

Mr. Brande concluded bis piper by giving a short comparative table, of 
the reUtive quantity of solid matter contained in river and spring waters as 
have been carefully analysed. The wells which are termed deep, derive their 
water from the strata below the blue clay, and some of them penetrate into 
the chslk ; those termed MhatloWt are supplied from the strata above the 
blue clay. This is the case with most of the common I^ondon wells, which, 
however, are often steined to a conttderahle depth io the clay, for the pur- 
pose of forming a reservoir. 

SoUd matter 
in Imp, 1^*1] on* 
Thames at Greenwich .. ., «, .. 2r!» 

„ London *. .. .. .. 28*0 

„ Weaimlnster .. .. ., ,. M'6 

ft Bnrntfonl .« .. •• .. 19-9 

„ TiHckenliam .. ., , ,, 22*4 

„ TeddlDfton .. ,. .. ,. 17'4 

Average of the Thain«s between Teddlogton and Greenwich 28*2 

Newillver .. .. „ ., .. 19-2 

Colne., ., .. .. .. ,* 21*8 

Lt* .. .. .. .. , ,. 2&'7 

Bavcntbourn*, at Dfptford , ^ ., ,» ., 20'O 

Ccmbt and 0«l«deld'i brrn-ery, hang Acrej deep well . . M'8 

Apothecariet' Hail, Btatrkfrlafi ,, ,, 



NtiUknir-filU 

Royal 2illnt 

Ham pa trad Waterworks •• 

Berktley-iquare.p 

Tilbury Port 

God)flg*a breimy, Lambeth 

More*! brewery, 01d*street 
I* *i *t •• 

Trafalgar square fountain! . . 

Well In St. Pnul'a Churchyard 
,, Bmin'a.bii1]diia^f « , 
„ St (Jllri, Halbom .. 
„ St, MarlJn'f, Charlng.cn 
„ Puilern-rovr, Tower 

▲rleiluD nell at Grenelle, Faria 



„ .. flO-6 

.. a7'8 

.. 4r0 

tt .. 60*0 

.. 7*0 

„ .. 60 

shallov well 110 

,. deep wril aai^ 

■halktwwdl 110^ 

,. deep well 08 9 

.. 7*0 

., llfi-0 

.. 1050 

.. ttliO 

.. 880 

♦ , 986 



PBOCSEDZNaS OF BQtmTtTlTlO SOQZBTX&S. 

BOYAL INSTITUTE OF BRITISH ARCHITECTS- 

Jan. 21. — Earl Dk Ghey, President, in the Chair. 

Babl Di& Grev informed the meeting that the Council, considering thai 
much imporlant in fur mat ion was contained in the Report and Evidence on 
Iron, equally applical^Ie to architectural as to engiaeering purposes, had 
referred those volumes to the Committee on adentific experiments and 
invest jgation«, for the purpose of examining and reportinj( thereon. 

The PREsiDEsfT also communicated to the memhers, in reference to the 
CoromiiBion for the Exhibition of Works of Indtislry of all Nalioni, in 
1851, that he had hecn officially applied to» doublleas with the sanction of 
her Mojesty and Pdnce Albert^ to be a member of that commigaion ; but 
that he hat] ben obliged to decline the honour on account of his health not 
pcrn^itling bim to devote that itttctition, which would be required hy the 
probably arduous duties of that commission. His lordship had no douht, 
that the profeaaioo would be adequately represented by Mr. Barry, a fellow 
of the Infclilute, pho had lieen appointed on the commission. 

Mr. Bellamv, V.P., called the attention to an invention by Mr. Thoron 
Melling, by which the taahea of a window, ifistead of being lowered and 
raited, as at preaent, by tinea, weights, and pullpys, actvd hy means of a rack, 
ao that one aash served aa a counterpoise to the other. Some ohservntioni 
were made thereon hy the President and Mcmhen, and Mr* Melling vraa 



advised to r«nder hit useful invention ttill more firaeiicilly available, by 
enabling ouly one aash to be opened at a timet instead of bolb At one«» M 
rcqui»ite according to his present method. 

A paper hy Mr. Robbets, Fellow, vraa read, *^ On the JrranfftmenU and 
Contt ruction of ihe Dwellings of the Lohourtng CUttn** which wiH be giTcn 
in full next month. 



INSTITUTION OF CIVIL ENGINEERS. 
Jan, 29. — William CuatTT, Esq., Pretideot, in the Chair. 

The discussion was renewed on the Rev. J. C. CmmiaBccK'a paper 
*' On the Atienatiom and Deprension* in the Chalk Waler Level umUr 
London." 

It was contended, that the water in the upper districts of the chalk iceu* 
mulated in a proportion increasing with the distance from the river or vent, 
and fell oflT, In a corresponding ratio, dtiring its periodical exhaustion, which 
usually took place between April and November of each year. Thia alter- 
nation of level, which in the upper district! exceeded fifty feet in perpendi- 
cular height, would be represented by a line from the lowest vent, rising at 
an angle to the bigheit point saturated with infiltrated water. This had 
been proved by constant observation on wells, at given periods, throughout 
a certain district; all the tpringa forming the river proceeded from that 
source. Prom these and other poaitioni It was argued, that if water be 
discbirged from a shaft in the cbalk, by a power not capable of entirely 
exhausting it, the rapidity of the reduction of the level would gradually 
decrease, until it was exactly balanced by that of the supply. This would 
naturally produce a gradually-extending depression of the water in the etratt 
for tome di&tatice around^ and it was shovrn to have been the effect pro* 
duced, by pumping from an experimental well m Bnabey Meadows, in 
August and September, 1B40. 

It was urged, that the real question to he determined was, whether a 
supply of water for London could he obtained from the deep springs in 
the sand or chalk. Sections and diagrams were exhibited, lo show, hy the 
former, that the supposed basin under London, was not a& had been showa 
by geologists; and hy the latter, that from July, 1837, to December, 1849, 
there had been a gradual depression of full fifty feet in the water of the 
saud-springa under London; and iu consequence of this serious action, 
several of the wells bad become tidal in some localiiteti and the water wis 
rendered saline. 

The Raiiway ^oarrf.^The attention of the members was directed to a 
serious case of legislative interference, whereby the free exercise of the pro- 
fessional skill of the Institution was now unwarrantably trammelled, and the 
public service materially interfered with. The introduction of wrought iroit 
instead of cast iron, into railway bridges, was a recent invention of great 
value, and of which the most celebrated examples were the Conway and 
Britannia bridges. The same executive atithi^rity which had pronounced the 
erection of these two bridges to he impracticable, bad recently declared, that 
a railway bridge conatructed on a similar principle, and of identical mate* 
rialSf wis insufficient in strength, although it was much stronger, in propor- 
tion to its possible load, than either the Conway or the Britannia, and 
infinitely stronger than any of tlie cast iron girder bridges which had for 
years adequately performed the public service, and had been by the same 
authority pronounced to he perfectly safe. The public bad thus alrea>)y been 
for a month deprived of the use of an important line of railway, by tbeappU* 
cation of an antiqU'ited formula to a modern invention. For these cogent 
reasons, it was eonsidercd that the members bad a right to request the inter- 
fereoce of the Council, on the behalf of the profession at Urge j and they 
were urged to take such steps as appeared desirat>le for allowing the free 
development of engineering talent ; and in the words of the Report of a 
recent Royal Commission, removing from ^' a subject yet so novel and to 
rapidly progressive any legislstive enactments, with respect to the forma and 
proportions of the iron structures " of railways, which coiild not fail to be 
'* highly inexpedient/* — This proposition was received with acclamation. 

Mr. Evan llopkitii's great Geological Sections of the Three Branches of 
the Andes were exhibited in the library. They showed about 2G0 miles from 
west to east, from Choco to tbe River Meta, in the eastern flanks of the 
eastern branch uf the Andes. 

Fe&, 5.— James Simpson^ Esq., V.P., in the Chair. 

The discussion was renewed on the Rev. Mr. Cluttbri»ucic'8 paper, and 
was continued throughotit the meeting, so that no original cofumunicatioii 
could be lead. 

It waa contended, that tbe nrea of tbe chalk district, subject to infiltra- 
tion, for thi* fuppfy of the springs and streams ituitiug in Ihe basin of the 
Colne, could not possibly exceed the original published estimate of II34 
square miles, and that the proportion of water filtrating through, for that 
purpose, was much kss tbnn bad ever hitherto been eatifnated, inasmuch as 
records by Mr. Djckiosoti's gatige was to a much greater amount than 
those afforded by the gauges kept by other experimenters* 

It was also contended, that ihe original position atsuiDcd in the paper, 
had not been weakened by the subsequent discussion ; that the observations 
of the chemists bad leaded to confirm the statement of Ihe probability qI 
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ca iii6Uritki:i of wtter from the Thtmev* The practictl conclution to he 
dr«« n from the obsenrttiooa, recorded in tlie autbor'i seyeral pipers were :— 
Tba.t the nataral dritinAge end replenialiment of the chalk stratam might be 
lr»red and accounted for, hy observing the atternaUon of level, in various 
localities, ind at d'tOTereDt »eaiions. That any Urge quantity of water 
•hatracted from the chalk itratun?, at any given pointy caused a deprCAiion 
4f level around the point of such ah»traction« That in the upper district 
anjanch ab«traftion of water would ioierfere with, and diminish the sup. 
ply of, the ttream», by which the drainage of the district wai regulated ; 
mnd lastly, that the depretsion of level under London, by pumping from 
Artesian wells, bad proved that the rapidity of demand already exceeded 
that of ihc supply ; and that any attempt to draw a large additional quan- 
tity for pablic use, would be attended with disaitroui consequenccf. 

It was toggested that| considering the great works of drainage artd water 
<Bp{»Iy which were in contemplation for the metropolis^ and flooking to the 
MlfioCtal importance of having accurate and authentic geological infnrma- 
^Aa« in order that those great works might be executed on a sound and 
eert«iii baais, that the geological survey now being carried on hy govern* 
meat, in a remote district of North Wales, where no urgent need existed for 
early geological iDformalion, and where no new works of paramount im- 
portaace were in progress, or in conlemptation, should be transferred at 
once to the metropolitan districts, with o view to throw light on the real 
itroctore. mechanical aod chemical, of the deep water. bearing strata, on 
which opinions so varying and so conflicttng had been advanced. 

oquiry wai made whether any steps had been taken hy the council, in 
CQQUfqaence of the statement submitted at the meeting of January 29th, urging 
the cooiideratioo of the manner in which the interests of the public at large, and 
■ the profession were likely to be affected by the altitude recently assumed by 
the Railway Commisstoni in reference to the strenglh of the wrought- iron 
bridges us^d on railways, — It was stated thai the council had not as yet 
taken any decided steps in the matter, but that a course had been suggested 
which, being followed, would most probiibly lend to satisfactory results. 
After this assurance the members expressed their confidence of the interests 
of the profession being in safe hands, and thai every step would be taken for 
insurmg iheir position and professional reputation. 

The motion which had been prepared was therefore withdrawn; and the 
Chatrroao requested aoy communications on the subject to be made in 
writing to the Secretary, who would lay them before the council. 

Fe*. 12, — The first paper read was, ^*An Account of the Caat-Iron LighU 
houMe Tov?er on GidVi Hiil, in the Bermtidas" By Mr. P. Paterson. 

The site chosen for this tower was in latitude 32° H' N., and longitude 
6i° 50' W., being the southern part of the Berraudss, at which point they 
ate most safety approached. It was at irst determined to construct the 
tower wilh the materials found in the islands ; but, after some progress had 
bteo made in quarrying and dressing the stone, it was ascertained to be of 
too friable a nature for the purpose, bo that the Home Government initrucled 
Mr. Alexander Gordon, M. Inat. C. E., to prepare a design for a ca&t*]ron 
tower, similar to that which bid been erected from his designs at Morant 
Pointy Jamaica, and which had provi-d very successful. The form of this 
t»wer wa» that of a strong conoidal igure, 105 feet 9 inches in height, ter- 
minated at the top by an inverted conoidal igure, 4 feet high, in lieu of i 
capital ; tta extreuac ouLvtde diameter was 24 feet, at the narrowest part 14 
feet, and at the top 20 feet. The external shell was constiticted of one hun- 
dred and thirty. Ave concentric cast-iron plates, having iniide flsmges, and 
firying in thickness from one inch at ihe hise to about ihroe quarters of an 
loch at the trip. In the centre of the tower there was a hollow cast4ron 
column, eighteen inches in diameter in the inside, and of Ihrce-quarter inch 
metal, for supporting Fresnel's dioptric apparatus, and in which the revalv. 
ing weight descended ; it was also used, in the daytime, for raising and 
bwering of stores, and likewise contained the waste water-pipe. 1 he lower 
part of the tower was filled wilh concrete, leaving a well, faced with brick- 
work, about eight feet in diameter, and twentir feet in depth, in the centre. 
Above ihii were the seven floors, the two lov^er ones being lined with 
brickwork, and used as store rooms ; and the upper ones, lined with sheet 
iron, were used as living rooms for the light'keeper. The details were then 
given of the mode of constructing the flours, the windows, the staircases* 
and of attaching the lantern and light-room to the main structure j it was 
Stated, that the light was visible from all points of the compass, excepting 
when obscured by the high Land between Gibb's Hill and Castle Harbi>ur, 
from the deck of a vessel at a distance of about Iwenty-seven milew, and 
possibly at a still greater distance. The structure occupied less than one 
year tn its actual erection, the different parts having been landed about the 
end of November, 1841, the first plate being erected on Gibl/s Hill on the 
19tb of December, lBi4, and Ihe last plate of the tovirer on the 9ih of Octo. 
bef» 1845. The whole cost of the structure, including the lantern and light 
apparatus, was stated to have been about 7)690J.| and the annual expense 
of maintaining it, about 450/. 

The next paper read was, **J Detcription of Sir Georffe Cayley*M Hot Air 
By Mr. W. W. PoiMCDKiTiiC. 

After entering hnefly into Ihe theoretical considerations of the expansion 
of heated aisriform bodies, and detailing the attempts made by Lieut. Ericc* 
ion, for employing hot air instead of steam, os a prime movers the author 
proceeded to state, that in 1837, Sir George Cayley, Bart., applied the pro* 
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dueti of combustion from close farnacei, so that tliey should act tt once 
upon a piston in a cylinder, similar in every respect to that of a single-acting 
steam-engine. Tbe engine consisted of a generator of beat, a working 
cylinder, and an air pump or blower, the air pump being half tbe size of the 
cylinder, and blowing air into, and through, a fire perfectly inclosed within 
the generator ; the doors of the ftirnace were made perfectly air-tight ai 
soon as the fire was well got up, the first impulse being given to the engine^ 
by thowing a few jets of water upon the fire, which caused the air-pump to 
work immediately, and continued so for hours; the fire being replctiished by 
stopping off the blast from tbe furnace, and opening tbe upper bonnet. 
After the air had passed through Ihe fire, the gaseous products of combus- 
tion, generally at a temperature of 600^ Fahrenheit, passed laterally through 
a chamber, used for separating them from any ashes or cinders, into the 
working cylinder before alluded to. 

The difficulties attending this description of engine, were the liability of 
tbe working parts to be deranged, by the great sensible heat destroying the 
vakes, pistons, and cylinders, and carbonising tbe lubricating oil. It wis 
stated, that Mr. A. Gordon had made ■ sticcessfu! experiment on the appli- 
cation of tbe heated products of combustion for propelling a boat, withoot 
Ihe intervention of any macliinery between the furnace and tbe water to be 
acted upon. 

Fed, 19. — ^^Description of ihe Iron Ro^f orer the Rttilica^ Stationf Lime 
Street, Liverpool/' By Mr. Richard Turner. 

The area covered was described as being 374 feet in length, and 153 ft. 
6 in. in breadth, which was roofed over in one span. The roof consisted of 
a series of segmental girders or principals, fixed at intervals of 21 ft. 6 in. 
from centre to centre; these were supported, on one side, upon the walls of 
tbe offices, as far as they extended, and on the other upon cast-iron columns. 
From the end of the offices to the Viaduct over Hotham-street, a distance of 
flOfi. 4 in., Ihe principals were carried upon ** box-beam" of wroughtiron. 
The principals were trussed vertically, by a series of radiating struts, which 
were made to act upon them, by s training the tie- rods and diagonal braces 
they were truised laterally by purlins and hy diagonal bracing, extending from 
the bottom of the radialiuif struts to the lop of the corresponding strut in 
the adjoining girder^ these braces were connected with linklng-plates by a 
bar of the same scantling, and also with the purlins already referred to. 
The girders were thus firmly knitted together, and a rigid framework 
formed, upon which the covering of galvanised corrugated iron and glasa 
waa laid. 

The whole Gonstrnction was minutely described, and the appendix con- 
tained &n account of the experiments for testing the itreiigtb of the prin- 
cipals* These were made at the works of Messrs. Turner And Son, Dublin, 
under the direction of Mr. Locke, tbe engineer of the railway, when some 
great improvements in the conitruction were introduced at his suggestion. 



SOCIETY OF ARTS, LONl>ON. 
/«n. 16.— William Tooke, Esq., F.R.S. V.P., in the Chair, 

Mr, Walls read a piper ** On California^ its Hittory, Prodttcta, Climate^ 
and Protpec/i ; deintf the remit qf a recent vitit to that placet by Alex- 
ANBKR Cross, Eiq.^' 

On the table were placed t few apecimem of Californian gold, one of 
which waa a large lump, weighing almost seven pounds, being the largest 
ever imparled into England in a pure native 6tate, and Ihe property of Mr. 
Cross. A few specimens were also exhibited by Profes&or Tennant. Mr. 
Walls commenced by stating tbe extent of the country and its populaltun, 
wliirh, including the recent accessions, amounted at the present time to 
90,000 penple. 

The couTitry along the sea-coast is healthy; but fever is occasionally pre- 
valent in the interior. After deicribing the situation of some of the prin- 
cipil stations, he proceeded to describe the valley of San Joachim, ils extent 
and houndnries, every spot in which is stated to have produced gold of 
twenty carats fine. Several eitracts from various sources nere biieHy alluded 
to in the paper; and from these the following matters were collected. 
Two young men had discovered gold in a place .'>00 mites north of San 
Joachim, and described their operations as having been attended with con- 
si dei able success, having made in their best day 400 dollars, in their worst 
150 dollars. Ai to the moral condition of the people, many of them be- 
came rith very quickly \ but some expended their gains in profligacy and 
dissipation, so thtit the poorer class was fast inrr^aising. The annual ex- 
ports of gold from this cuuntry, according to Mr. liryant's work on Cali- 
fornia, amounted to heiween 100 and 200,1100,000 dollars. In many placea 
tinen washing was so expensive, that it was considered more ecunonncal to 
Ihtow away nid linen, and buy new. Emigianls, as they arrived, passed 
beyond into the country, and were doing well. The general health of the 
community waa eicellcnt^ The disparity of the produce of labuiu in va- 
rious parts sometimes occasioned considerable confusion. A new settler in 
alrout three weeks wouLd succeed, by washing, to obtain an ounce of gold 
a -day ; but the moment that he bears that at a distant place others were 
washing three, he immediately packs up hit things^ goes away* and ii gene- 
rally diiiappointed. 
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Mr. Tennant stated the specimen of gold exhibited hy Mr. Walls wu 
CTiclently a water- worn fragment. The gold is usually found in small grains, 
which are obtained by washing the alluvial soil. He also exhibited a sped- 
men uf gold which at the time he had purchaaed it (about two months be- 
fore) was the finest specimen of pure native gold he had seen ; it contained 
ninety-two per cent, of pure metal. A reason he had for purchasing the 
specimen was» because it had some of the alluvial soil attached to it ; and 
in that soil he imagined that one or two small diamonds might be detected, 
and waa most anxious to ascertain that fact, as be had stated to the Society 
laat session, in a paper, that diamonds, and other precious stonea, might bt 
foand in the gold districts of California; and that sncb gems are being 
thrown aside, although the refuse diamonds sold to the lapidary to be broken 
up are worth 50/. per ounce, while gold is not worth more than ZL l&t. He 
had not, however, been able to discover any diamond ; but, on examining 
the soil with the microscope, be bad detected some small crystals of garnet, 
two grains of platinum, and several of quarts, &e. In looking over a quan- 
tity of other gold specimens, he had found quartz in great abundance, and 
it bad evidently formed the original matrix of the gold. He next called at. 
tention to the fact, that gold is not generally foond in the position in which 
it was originally deposited. Mr. Tennant urged on the attention of persons 
about to visit the gold districts the neceuity of making themselves ac- 
quainted with the few simple rules which should guide them in their search 
for gold, and other mftwrals, and which were pnbUshed in the Society's Or- 
eular last session. 

Mr. Hopkins stated that there was nothing nnasoal in the gold deposits 
of California. The gold was found precisely under similar circumstances at 
the deposits of the Ural in Russia, and some other places. When the west 
tributaries of the Sacramento and the San Joachim have been washed, Cali- 
fornia will doubtless be brought to the ordinary level of large gold- producing 
countries. He was of opinion that metals were formed in the crystalline 
rocks in flakes, masses, crystals, arborescent, &e., according to the degree of 
the electro-chemical action, and that this action in the moist crystalline 
rocks MS ntu was as constant as the growth of TCgetstion. The surface pro- 
dactsand the Tcins, he said, were formed on the same principle. He per- 
fectly agreed with the remarks that were made, that those called geologists 
and others, who have been led to suppose that soch products were the result 
of Tolcanic action, were totally wrong. In fact, true practical and useful 
geology was known only to a few persons who have studied amongst the 
great works of natore. Mr. Hopkins concluded by stating that gold is ge- 
nerally found in the debris of feruginous granites and porphyries, and that 
the quantity of gold to be obtained depends on tlte elementary composition 
of the granitic rocks, the complete satnration to induce chemical action, ao 
as to cause a kind of efflorescence of the metals into all joints, vacuities, 
&c., and the oxidation and disintegration of the superficies. In fact, he 
said that the sopeificial decomposition of the moist and friable aoriferoos 
rocks were more or less constant, the degree of action and the accumulations 
at the foot of the mountains being dependent solely on mineral and physi- 
cal conditions confined to no age of rocks nor to any particular zone ; and 
that this electro -chemical agent was constantly providing inexhaustible 
Stores of mineral wealth for successive generations. When the decomposed 
and friable surface is washed down to the rarines and plains, he said, the 
gold and other heavy ingredients, especially the black titaniferous iron (the 
usual companion of the precious metal), were deposited in pools and other 
places, presenting obstacles to their descent, and consequently thoae places 
have become enriched by concentration, the lighter particles being constantly 
washed away ; and that this was the origin of the riches of the tributaries 
of the Sacramento. 



ROYAL SCOTTISH SOCIETY OF ARTS. 

Jan. 14. — Thomas Grainger, Esq., President, in the Chair. 
The following communicationa were made: — 

** Verbal Statement on the relative value of Chlorine, Nitric Acid, Sul- 
phurouM Acidf and Ozone, a$ diMif\fectantt ; and on the beet method qf apply- 
ing them to destruction qf Contayiout Matters.^ Dy Gborob Wilson, M.D. 
The author dwelt at length upon the relative value and best mode of 
applying, aa disinfectants, the different substances mentioned in the title of 
his paper. A chief object of the communication was to draw attention to 
the alleged virtues of ozone as a purifier of the atmosphere, and to notice 
that, in defect of any other disinfectant, ozone might be generated in apart- 
ments, the air of which waa vitiated by animal exhalations. The simplest 
process for this purpose would be the exposure of moist phosphorus to air; 
but an electrical machine or voltaic battery might also be used. The other 
point at which the author aimed was to show the unwise neglect of the sul- 
phurous acid as a disinfectant, or rather antiseptic, which bad been practised. 
It appears, according to Dr. Wilson, that in the wine countries this gas is 
employed to arreat the acidification of the weaker wines; that in the Man- 
chester Dye Works it is found more efficacious than chlorine in destroying 
the offensive odour which attends the employment of cochineal; and that at 
paper mills it is employed with great success to prevent the putrefaction of 
the icrotU or clippings of the akin used in the manufacture of the paper site. 
The author accordingly atrongly recoiBnaoded solpbiiroas add as a cheap 
tad powerful deodoriser and dUinfectant. 



**Remari9 om the PkOoeophy qf the Bewii/ki; and an AnaiytU qfih 
principle of Proportion, at applicable to krekiteetwrt,^ (Fart I.) By 
David Covsin, Esq., Architect. 

The author combated the definition of the beautiful, as laid down hj the 
late Mr. Alison and Lord Jeffrey, and held that beauty was recognised by the 
mind in particular ybrfMi, independently of any association connected with 
the object which it admires. This first part of the communication waa 
entirely metaphysical, and cannot well be given in abstract. The aathac 
will read at next meeting, the aecond or practical part of his paper, showiag 
how Mr. Hay's principles of proportion, determined by angles bearing har* 
monic ratios to each other, can be applied to architecture. 

Jan, 29. — A paper was read by Mr. Mbik, C.B., of Snnderisnd, upon '^J 
New Seif Reffieierinff Tide Gauge, lateig ereded and mem in ope rm tkm ai 
Sunderland Harbour,'* which was followed by a paper read by Mr. Hamnr 
Watson, of Newcastle, describing "Tke AppUeaiien qf Pr e p are d Gemee, kp 
which meane the Gauge ie obeervakle kg Night ae weti ae 2^»" a verf 
important desideratum. 

The merits of Mr. Meik's paper consisted in directing particular attention 
to the necessity of all ports and docks having conspicuous gaugea for the 
guidance of vessels inward or outward bound, and of thoae gauges being of 
the most simple end intelligible description. Mr. Meik had prepared* and 
ahowed in juxta position, the present aignala used at Leith, and those brought 
forward by him. For the information of our readers we may mention, that 
the signals used st Leith consist of a series of balla and flags which have to 
indicate to seamen the depth of water. The new gauge, at a single glance^ 
shows the height of the tide in feet by a number in figures corresponding to 
the depth of water on the bar of a harbour or entrance to a dock. Tho 
little attention we often find paid by seamen to the preservation of their owa 
lives, shows the great advantage of baring figurea that can be at once easily 
understood, without consulting books, and thereby incurring a loaa of tinio, 
which in many caaes resulta in the loss of valuable life and property, Mr, 
Meik proceeded to ahow that a gauge baring the property of being easUj 
understood by all aa '* soon as seen," had been erected by himaelf, in con- 
junction with Mr. Watson, for the Commissioners of the River Wear at Snn* 
derland Harbour. He then read the following description, which was illns* 
trsted by drs wings : — 

A well, carefully boxed in, and of exactly aimilar depth to the water on 
the bar, is made below the building which contains the apparatus. Within 
this well, in an interior pipe or trunk, and rising and falling with the tido^ 
works a float suspended by a copper wire cord, which ia carried over a spiral 
cone fixed in an upper story of the building. By the simple arrangement of 
a wheel and pinion at the opposite end of the axle to which the cone ia 
fixed, a web of wire gauze works on two rollers fixed at the upper and lower 
ends of the web. The lower roller in regulated by the movement of thia 
wheel and pinion, the upper one by a balance weight attached to a copper 
wire cord, which also passes over another spiral cone, having at the extremity 
of its axle a second wheel and pinion similar to the first. As the float rises 
and falls with the tide, the wheels and pinions connected with the cones^ 
over which the cords of the float and balance weight respectively pass» 
move the rollers on which the gauze web travels. On this web are painted 
in large figures the various depths from high to low water; and as the web 
works, two points upon it indicate the number of feet and half-feet on the 
bar at any hour of the tide. 

The web and the figures on it can be made of any aize, and to travel 4, 6^ 
8, 10, or any other proportion, to 1 of the float, by regulating the size of the 
wheels and pinions. By day the figures on the web are shown white on a 
black ground; by night they are brilliantly lighted up, the ground atill 
remaining dark. A white transparent varnish ia used for the figurea, and an 
opaque black for the ground. The illumination by night is so steady and 
powerful, that the flgures, if made large enough, and the apparatus flzed at 
a suflicieot elevation, will be visible at a considerable distance at sea, and 
thus afford vessels the meana of knowing the exact depth of water, at the 
mouth of any harbour, before entering it. This simple piece of mecbaniam 
is applicable to all plaeea where the want of a correct and conspicuous gauge 
has been felt, not only in harbours and docks, but at railwag 9tationefir eigm. 
nals, and such like purposes. The apparatus used occupies so liitle apace,, 
that it can all be contained and worked in a column or pillar without any 
other building. 

Mr. Watson read a paper describing more particularly the preparation o 
the wire gauze, and exhibited a neat specimen, which, although amall, fully 
and clearly illustrated the novelty and utility of the application. 



INSTITUTION OP CIVIL ENGINEERS OF IRELAND. 
Feb, 8— Lieut.-Col. Harry D. Jones, R.E., President, in the Chair. 
The following papers were read :— 

<* A Description qf the Viaduct, near Quaher^e Yard, Tejf Vale RaO^ 
I wag. South Walee^" By Mr. S. Dowmimo, Assistant Professor of Civil 
Engineering in Trinity College. 

Thia viadiiot was designed by Mr. Bmnel, to onrry the main lino of the 
rattwaj oter the river Tnff, at a point where, froai the natere of the I 
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V**i^l^ croflilng^ wrs nnairoidable. The total leoftK of tbe Tiaduct was 
;T0 feet, and ihe greatest ht^ij^ht 105 feet, coosistioj^ of six 84>iiiicircutar 
each 50 feet ia apao^ re«tiDg oo plllara, whose borizootal ifclitm 
regular octBgoD^ 5 ft.9i in. id Ihe side, givirif^ 14 feet a« their 
^Aaaa^ter, Tlie whale «iructure was npoii a corve of 1,320 feet radius, 
Bd4 at Ihc p^mot where it was det^nmiocd to build, the axis of the river 
Sistle an an^l#» of 45** with tbe djrectioo of the tangent to ihe cnrve» 
09e of the chief merits of the desigo was tfae aroidance of the difiiculttes 
expeojie of an oblique bridge wilb spiral iruurfes in addiuoa to those 
'^tTcorviog ; this was effected by the adoption of that funn of pier above- 
mentioned. Thetjc pillurs were aurmonntcd by a cnpital of seven feet in 
lieif^ht, the base of which, resting on the pier, was, of course, idenfical 
in piim with it ; but in this height of »eveo feet was corbelled out on four 
of itj faces to the extent of 1 ft. 3 in., changing the regular octagoo into 
aiiotJ^r« whose sides were 9 feet, aad 3 ft. 7| in. alteroatety. Two 
ftf the {> feet aides were paralleled to the direction of the line of raiU, 
Md the other two fonned the impost orspringiog of the arch. The 
••Meat way to have an idea af tbe fonn of tbe suHit of tite arches, 
is by conceiving ao ordinary semicircular arch of 50 ft. span and 11 
fL leiigtht to hare tbe arch quoins bevelled off to an extent of 2 ft. 6 
ia. ; and lo turn tbia arch a corresponrJing ceoire had (o be made, being 
tike ordinary lagglo|^ for the cylindrical pari, and what were called 
hf the worhmeo saddles for the conical faces. It will be evident to the 
pmoiical engineer, that the proper bonding of all this work, and especially 
tbe arches, roust be a matter of great care. A model, cut out of Caen 



itone, showing four courses of the arch, was produced, which clearly 
alMWcd tbe aiternate arrangement of the course. The arches l>eing turned^ 
•■dfifatfa^aodrils filled op, there was a clear width of 14 feet from oat« 
mde to oatside of the up-stream and down filream faces of the bridge, 
giving ultimnttely 11 ft. in, in the clear between tbe parapet walls for 
carrying a single line of rails over; nor, indeed, does it seem possible with 
any advaatajte to extend the designso as to carry a double way, for thus 
Ihe pier would be necessarily extended in diameter, or otherwise tbe ehaui* 
fwtng of tbe aotft rncreaaed — both inadniis»ible, one from interfering with 
»arater-way, and til e other from the practical difficulty of bonding the 
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Tba quarries from whence the stone was obtained were in the imme- 
diate Ticinity of the works. It was of the blue Heonant grit, called by 
Sir H. De la Bee be, in the Government Geological Survey of Ibis district, 
''Tbe equivalent of the Pennant ^rit of tbe British coal measurea;'* and 
iiety truly cbaracterised by him as l^ing admirably adapted for engineer- 
io^irariioses. Its colour closely resembles ibat of the common building 
liaieaCoae of this neighbourhood. The lime used was the celebrated 
Atierthao hydraulic lime:$tone, not only in the foundations, but in all pans 
of the structure. Tbe foundations on ibe north side, including one of thd 
ri«er piers, were on rock or indurated graved ; but oo the south side the 
abiitinent, one land and one river pier, had to be sunk lo a far greater 
depth than originally designed. 

FVon the loftiness and peculiar deAign of this bridge, it was, during its 
construction, an object of great jiitcrest; and most persions who visited it 
exprrfised strong opinions unfavourable to its uliifniite stability, most of 
which objections were very futile. The real diHicuKy in the construction 
WAS found to be the management of thespaudnl walls on the concave side, 
•0 as to gain the true uniform curiature at ihe stringcourse under the 
fiarapets, as on the concave side we had to gather out the courses of the 
ipandrlls about four inches, which, from the excellent quality of the 
itoae» we were enabled to do. 

It would seem necessary also lo explain the reason for crossing the val- 
ky, and crossing it at soch a height. Such structures seem rather tocon- 
ititute the difliculiy and expense of ohtaintng good gradients oo cross- 
CoiiDtry lines, which necessarily intersect Ibe rivers at elevations more or 
less considerable than that of a valley line, which, following the leading 
cf one single stream, ought not, yuless for cogent reasons, cro^is it at ail* 
The conaideratioo of the section of the river made it clear that oo other 
ilteroative remained bat ibis lofty aod curved viaduct, interacctijig Ibe 
itfcnin at the angle of 45°. 

The paper was accompanied by a model of Ihe river piers and cotwalers, 
nilb the centering and its supports, at a scale of one twenty fourth, coo- 
llmcted under the aiilhor*^ direclioo by Mr. Keenao, and also by a 
Vagrant map, at two inches to (h< mite, showing the geoeml features of 
the valley of ihe Taff^and another map, at six chains to the inch, showing 
tbe immediate locality of the viaduct, and the natural diiicultiia of the 
gnMiod, With the added drfficulty of carrying a line of rails through that 
dialrietp from the great pre^occupation of the surface by tbe canal and its 
feederv, and the mineral tram-roads — and also a diagram section of tbe 
gtrndieou o/ Ibe line of railway, with a large isometncal drawing of two 
tif ibe arches, showing by pari section the arrangement of the spandril 
Wmlla, tlie mode of ctof ing them over as designed, and as carried out iu 
the cmistructioo, with the form of Ihe soffit, the capital,, aad pillar. 

"An Account of ihe Com f ruction 9f the Midland Gre«i-Wcttem Rail- 
•My qf Ireland, 99er a Tract o/ Soyt , ta ihe Caumiiu cf MMth and We*i- 
meaih^ By Gi^ORue W. Hcmans, Engineer- tn^Chief. 

Tbe railway from Dublin to Mullingar was prnjected, from motives of 
Interest and policy, to follow the line, and occupy the btinks, of tbe Royal 
Canal. The canal banks alfordrd some facilities ft»r the construction of a 
tftilftaj, but it soon became evident tbal there were also disadvantages in 



following them too rlosely. The eerth works in ooostnicting the canal^ 
bad been very heavy in character, with some of the deep ruttings through 
rock ; anil to relieve them us much as pcijisible, the canal btid been laid 
outtofollo^v every sinuosity of the ground which olTered a favourable 
level. Tbr railway, as far a«i Mull ingar, was also laid out along nearly 
tbe whole of these sidaosities; and there beiog great anxiety to open at 
least a portion of it at the earliest period, it was at once, ou the passing of 
the bill, put into a contractor's hands for one-half the distance (a^ far oe 
Enfield), and rapidly constructed oo the canal banks. During the progress 
of these works, it was found lo be desirable to avoid consiructiirg tbe 
remainder of the line on a continued system of curves, which, altbougb 
no longer, by we II -in formed engineers, considered a source of danger, are 
decidedly odjecUonHble, as offering a resistance to tbe trains, causing 
g^reater friction, wear and tear, consumption of fuel, and loss of time 
besides lengthening the distance. In considering the plans for tbe second 
division of tbe line, between Enfield and Multingiir,the canal bank, which 
is a continued series of curves, was dearly lo be avoided ; but another 
difficulty presented itself on the straight line — tbe chord to these curves-^ 
it would have to traverse a long line of bogs, which, on careful examine* 
lion with tbe boring*rod, proved to be from twenty -five to as much as 
seventy feet deep, isome of them were swell bogs of tbe softest pulpy 
nature, having gradually risen to a higher levd than tbe surrounding 
country, end holding mach water in suspension. After an exieuded 
examination of the snhject, particularly in reference to drainage, it was at 
length apparent that one of tbe causes of tbe excess of water, and conae* 
quent want of solidity in thesie bogs, was Ihe poaition of the oanal 
embankment, Iraven^ing tbe edges of them for a great distance, and 
completely intercepting all drainage from them along tbe general fall of 
Ibe country towards the river Deal, The following general plan was thea 
at once resolved upon: — First, immediately to open full and sufficient nevr 
outlets for Ibe escape of suspended water from the whole area ; next, to 
form a system of drains all along and across tiie intended line; and finallyi 
an a fixed principle, not to altempt either to excavate or embank the liDOy 
but to lay tbe raits on the oaturil level of the high bogs, trusting lo drain* 
age only lo reduce the parts that were too high. IVith tolerable ooatidence 
10 this plan, a Deviation Bill was passed through Parliament, and Ihe 
straight line, traversing about eight miles of deep bog, was immediately 
commeared. An old wooden shoot, nine inches square, which was tbe 
sole outlet for tbe drainage of a district of about 1,500 liquare acres of wet 
bog, was the most ineffective point of the existiug dmiaage, and watt 
therefore, the first to demand improvement. Tbe banks and boilom of 
the canal at the place coos^ist of clay artificially superposed oo Ihe out 
away bog, lytngon fine gravel of a very loo!«e, treacherous description, 
being of a mixed sandy and marly nature. Having res'dved un intro- 
ducing a tnnoel culvert, three feet diameter, ooder the canal at this spot, 
and thai i[8 invert shotild be six feet lower than tbe existing shoot, it 
became a matter of anxious consideration how to do this, in such bad 
ground, without interfering with the navigation of the canal, or ruaniog 
the rii^k of bursting a leak in the bottom. The caual level at this stage it 
twenty miles lung, without a lock, and a breach would have been a ser*oiM 
afTitir. 

Atr. Hemans here described very minutely Ib/e details of the execution 
of this very difficult work, which was altogether very successful, whieli 
secured the command for drainage of nearly four miles of the Ime of rail* 
way. The description of this importaol operation was further illustrated 
by reference to several drawings prepared for the purpose. 

While the foregoing work was in progress, a sum of abont I,0O0A wet 
being expended in the sinking a length of some miles of a river, and under- 
pinning a culvert, ten feet wide, leading out of Ihe next district of bogs. 

Thii) underpinning and building a new invert, at a level four fet^l below 
Ibe old one, was also a work requiring great eantion. The weight of Ibe 
embankment and the canal overhead was very great; Hod here also e 
breach wo ild have caused extensive damages. As soon as these ouUelt 
were ready, the drains in tbe bog were opened. 

Mr* Hemans next proceeded to enter into a very clear explanatton of 
the plan of operation pursued iu the drainage of ihe surface of the bogi 
destined to receive the upper works of the railroad. He then described 
the nature of the soling finally decided upon and adopted, hiving given an 
account of the results of experiments oo tbe several descripUoui of soling 
which bad been tested, 

The runstructton of Ihe upper works of the railroad were minalrlj 
detailed, and explanatory drawings were exhibited. 

Tbe mode of operation adopted in conve>iug tliis line of ralliray ever 
Ibe bogs of most unpromising aspect was eminently suecrsrful ; and as the 
details of Ihe works were so very diffcient from the very expensive process 
generally adopted, and sometimes with but little success, the account wba 
particularly inicreatiug to Ihe enKioeeriag worid. 

Mr. Hemans having made some observations on the cost of maintaining 
railways constructed liirough bogs, aad also en a paper of greai interest 
by the Messrs. Mullens, published in the second vulu me of the Transac- 
tions of tbe Institute of Civtl Engineers of Ireland, concluded by reading 
a deiaiied estimate of the cost of these works, wbicb cleanly shuwed (be 
pos;»ibility of construe ting a double Itoe of railway over di-ep bogs, when 
treated as described by bim, at a cost out exceeding liyOiiOi. per luiiey 
inciuding aU expe 
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KOTSS OF TBS MOITTH. 

On th€ Batetfteni Bed of (he London Ciay,— At the Geological Society, on 
tht 'iSd itiiuary, m paper wmM r«d on thi» tubject by J. Preitwlth, Jan., Eiq. The pOiJ- 
tloD oCihe plMtlc cisy forwiiiton, tbove the cbalk aort below the London cUy, Iim b*tn 
long wf tl e*Ulih»b«d. It hu, bwwever, beun recenity held daabKul how far tbc dlttloc- 
tl0n b«tir««a the London uid plutLc cUy aeries cftn be maJotiikDed,— and •om« fven 
r«f urd the (inter «■ merely tiibordlnate bedi of the former. The object of the paper i« to 
abovr. that the Jower Engliih tertlarlea form aev^raJ diatioct lubdlvlilotti. each marked 
by dllTereDt condltioni,— iHdlcatlng anc^knt bydrogrmphlcai and palieontoloipical cbanK^ 
of Imiiortunce. For tbia purpose vary numerooa aectfona weru deicri bed,— exhibiting 
tbe poittion and character of tbu lower part of the London ctay. Thla depoakt la u 
Dvaiiy bomogenotia miaa, tev^ral hundred feet tblcJr, oftounb clay* of a predominatlnf 
broira ogloar. At tta outcrop It ineTiiably raala on a cooisloiuerate bed of round Aiat 
pel»btc«, mbud with yeUour, grcei^ or ferrugtooo* tanda In variable proportlont^— whirh 
the author namea the baaement beil ot the London clay* Kxcept where denuded on the 
cballr downp. thit bed eitenda unhiterruptedly from the lale of Wight to Woodbrldge lu 
Suffolk. The mnleriali compoalnir U ieem to have been df rived by denudation from the 
laferior tertiary atrala. Tbii bed coatalna 30 koown and 8 or 10 «iUI undetCTlbed ipe<*l«i 
of tcttacaa. In the weatem part wf the London district, the bedi on which It real* con- 
lata no foaiUs ; but at Woolirtcb, where Vt repoaea on the fiuvi«tlle bedi, fix ipeciea n( 
the ettuary ahellt, foend In the latter, alao occur ia the baaemeut bed above, and four of 
tlitai UkawlM Id the frcahwaier lerie* in the I>le of Wight. lu the eaaiern dialilct a few 
flUiiae spcdea are alao iutroditcad frooi the Inferior tertiury beda After ileduaiug tbca** 
there r«maln 30 knevn apeclea not found In the lower de|>oaitaf and couiiltuLiog a die« 
tinct and weU-markcd group. Some of the apetiea are very numeroui and i erptatent 
through the whole nnge of the bed, but othera die outward* towarda the eaat i whence 
the author Infen that the ata became ahatlower In that direction. In Katei and JtuOblk, 
alao» foiaJLa are aimost entirely wanting. From a table of the futaili U appeared, that 
the apeelei were chiefly thoae of the London eliy. It wu, therefore, coticluoed that tbia 
bed forma a well marked geological hortioa* dividing thta formation from the older eocene 
depeiltt. 

TheScr^w PropeHer, — Oa Monday, 11th Fehroarj Uit, a queitidn of con- 
atdenble interest, in reaped to tteam navlgatloDt waa argued before the Judicial com* 
mittee, at Ibe Privy Coum U Office* Whitehall, Lorda Brougham, Campbell, and Lang- 
dale, Dr. Luahlngtun, aud Mr. Pemlterton Leigh, being present. An application waa 
made by Sir Frederick Thetlger, on behalf of the palenteea of the screw propeller, for on 
extension of their patent, which expires in May usAt. The evidence went to prove, thai 
no leaa than 30,0(K)/. had been ejcpended in building the Archtmedri, and In defraying 
other weighty chargea, to eitablish the acrew propuJalon principle; and it further 
appeared, that although no lata than 3'1 ahlps-of-war, and W) mercantile steam -ressela 
had been conatructed already apoa th)a lyitem, not more than two or three had paid for 
the patent Ucenae* Theae evasions had been occasioned by the conflicllng claimt of five 
ilitiTerent patentees ; but, aa theae have ntfW united in one aasoclatlon, it is expected that 
all who have adopted the use of the acrew propeJUr will have to pay for their licenaea. 
As the Admiralty are Interested, either directly or collaterally, In this question, to the 
amount of about 2S.00Of.f iiir Johii Jervia, the Attorney General, a*Blit«i by Mr. Crow-^ 
der, Q<C», oppoaed the appllcat^an for an extension of Mr. Frank Petit Suiith'a patent { 
but, after examining Capti. Cbsppell tuid Cria^^iu, B.N., and Uesars, firaneL and Gallo* 
way, engineers, their tordsbipt decided on aranUng: an extenalon of five years to llfr. 
Smith's pa lent upon certain cun(^itionB} and there ia now, therefore, a fair prospect of 
that gentlepian and bissupporten recovering a portion, if not th« whole, of the licensing 
moneys to which they are unqueatlonably exiiltled. 

Bras9 Rudder. — A Philidelphia paper describes a large bran rudder, juit 
completed in that city for the steam -ship Columbia, of New Vorfc, \Q feet long, 3 feel 3 
luchea wide In the blade, and welghlrig netrly ^00 lb. 

Bithop'a Rock Liffhthoiae, — We ire sorry to have an unfavoarable account 
of Mr. Walker's new llgblhome, described in Mr. CubiU^a addresa (»ee " Journal/* 
p. 42). aa being bnilt on the Blihap^s flock, near the Scllty Itlandsi with six boilow caaU 
Iron columns. The *' West Briton" of February 19th says, "'The masaive piUara and 
apparatus erected during the last three summers at a vast expense, were entirely washed 
away on Tuesday nlghc (the dth}. A Su A goes jjI lot-cutter had since been out to the 
rock, and the pltota are of opinion, the rock Ls quite aafe and sounds The pillnri are 
broken 00'^ aome al the base, othera at two, three, four, and live feet from thrfDUiidatlctn, 
er^dentliy provinic that tbe pUlara were not sufficiently strongs the sea tvhs breakSuj; over 
the rock at the time the pilot-cutter passed. It was conaeqiteiitly iBipoatible to land.'* 

Great Railroad Rope.-^X rope for the Colurabia Railroad, west of the 
Schuylkill river, P«, has been manufactured for the Inclined plaae^ by Measrt. J. Whet- 
bam and Son, PhiladelphiA* It required 14 Cona of hemp for ita canstmctiion, and It waa 
5000 feci lo(5g, mchf s round, and weighed when cotnpltled, US.OOO Its. This rope waa 
made In. leas than lit daya. and the msnufacturers have given a guar4inteo that tbe rope 
shotiH traoiport &0,(H>O cara over the plmne. which, we underitand, it about ibe average 
■errlce performed by two prevloui ropes furnished by their manufactory. 

Breti'i Electric Telegraph. — Iht concession ligncd by Louis Napoleon 
and the Minister of the Interior, M. Dufanre, granting to Mcavts. J* Brett, Toche, and 
Co., the right to establish an electric telegraph line between Frooce and England, by a 
■ubmarlne communication across the Charuiel, has been authorised, Tbe Company pro. 
poae to ealabUab, by means of the electric telegrapb. aa loatant commnnlc«iinn be tvi-tfen 
the two cofin tries. The patentee guarantees that this teleKraph shali^ by the uH of u 
single wire and of two persona only {the one stationed In France and the other in Eng. 
land), be capable of printing In clear Roman lyj^e (nn paper), 100 meaaagea of \h wurda 
each, ladudlng addresses and signattires, aU ready for delivery lu one hundred conseeu- 
live minutes. 

Manufacture of lee. — Sir J. F. W. Herschell, in reference to thesyitem of 

making ice by the expansion of highly compressed air (prevloualy reduced to tbe ordismy 
temp'jrature). in a letter to the * Aihef^ffiiim',, SBy»:--AD old steBm-boller hurled aome 20 
or iH> feet underground In well rammtd earth, and furnisbt-d with a condenilng pump 
(worked aboveground), and one eduction pipe opening by a slop cock through a rose into 
water, would in all probabnity aupply j^-e. * ad libitum ^ for tbe use of a family in Ihe 
country — the coodeuaalloa being performed over night. 



X.1ST OP MXSW^ PAT£NTS. 

GRANTED IN ENGLAND FROM JANUARY 24, TO FebRUAEY 23, 1850. 

55Mr Month* allowed for Enrolment p unlett otherufife exprtited^ 

John ]>a!ton, of HolHngwortb, Chester, calico* pHoter, for ccrlatu Improvemeota In 
and sppllcsble to. machinery or apparatus for bleaching, dyeing, printing, anrl finlabing 
textile and other fabrics j. and In. the eograting of copper rollers, and , other metallic 
bodies* — January 2C* 






Edwtn Heycock, of Leeds, York, merchant, for otrWo InpreveniefiUi In ih« P*l">>*^ 
anddreaslng of woolten cloths^— January 26. 

Thomas Richardaoo, of Newcaitte-tipon-TyDe, chemist, for Improvemaaia In tbena- 
nufactare of Epsoui atid other magoealaa salts ; also alum, and aiilpbateof amiaoDla.^ 
January 2S. 

WIncelaa le Earoa da Tranx de Wardln, of Liege, Belglnro, for certain improrveBreDti 
in looms for weaving lioen, woollen, and cotton cloths ; and lo oiAchinea for prepariog 
the yama for such cloths, before entering the loom i, and in a machioa for finlahlng grey 
and bleached linen cloths.— January 26, 

Thomaa Schofield, of Combrook, Hulme, near Hancheater, fiutlan dyer and ftotshcr^ 
aod Uenty |]orabln,of Royton, near Oldham, fustian cutter, for Improvemanta In taa« 
chioery for cutting Aiatiaaa and certaiii other fabrics, to produce a piled stjrlace.— Jaaa» 
ary26. 

Thomas Berger, of Hackuey, gentleman, for improreoienta ta the msnttfactttrt 0^ 
starch,— January 2(1. 

Richard Rubcria. of Manchester, engineer, for improvements In the mannfartiire of 
certain textile fabrics, in wiotblnery for weaving plain, figured, and terry or looped 
fabrlca, and In machinery or apparatus for cutting velvets and other fab rica.— January S. 

Donald Beataou, of Green-street, Stepney, Middlesex, mariner, for certain improfv- 
mentaln Instruments for taking, roeoatiring, and computing angles,— January 29. 

Ewald Rlepe, of Flnabury-square, Middlesex, merchant, for Improvemenu In the ma* 
ntifacturt of steel,— January 3V. 

Joel Splller, of Battersea, Surrey, enghieer, for ImproTCiDCiita In cleaning acul grladfa^ 
wheat* — January i?9. 

John Mason, of Rochdale, and Mark Smith, of Heywood, Lancaster, machine makers, 
for certain improvements in machinery or apparatus for preparing, spinning, and weatlng 
cotton, and other textile materials ; and also imprnvementa In the method of preparing 
yarns or threads, and In the machinery or apparatus employed for such purpoaea.^ 
January 29. 

Fraodls £dwaTd Colegrave, of Brighton, gentleman, for Improvements In saddle*: parts 
of which fmprovenienta ore alao applicable to the standing rigging and other furniture of 
ablpi or veaaels, and to the connecting links or chalnt of railway carriages, aod other par- 

Joaea, where tension combined with a certain degree of elasticity are required, — 
anuary *l\i. 

James Templeton of Glasgow, tnanufaclurer, for certain Impmremcnta In asatrnfeeliir-' 
log Qgufed fabrks, ptlucipaJiy designed lor the pioductiou of carpeting.-^ January 29. 

Wililnm Edward Newton, of Chancery.lane,cIvl]eDgineer, for improvementa In mmeU* 
nery or apparatua for making hat bodies, aod other similar articles, (A commuoicatloa.) 
-* January 'Jii. 

Thomaa Berry, of Salford, Lancaster, silk, ironited, aod piece dyer and (Bnlaher, and 
Nathan Ramaden, of i^lford. In the aald county, calendarmsn and finlaher, for rartato 
improvemenla In the conttruclion of machines for gtaxiDg,emboaslug, aod finishing woven 
labrfcs and pa per.- January 31, 

Albert DuBnmler, of Mark.Lanet London, for improvements In obtatuiog flbtret frcuo 
textile plants.- January ;^l. 

Ellenne Joseph Hanon Valck,^ Belgium, miller, for Improvements in friniiln £. ■» 
January 31. "^^ 

Edward Hlghton, of Ctarence- villa. Regent's park, Middlesex, eogiaeer. for Imi^ 
meats In elective lelegmpha, and in making telcgrapbic communications. — February: 

Chartea Atbertoo, member of the Institution of Civil Engloeera of London, for aa 
Impmveil apparatus or inachlnery for regulating the admlaslon of steam to tibe cyUodera 
of steam, en glues.— February 7. 

Thomas Auchierlonie, of Glasgow, North Britain, manufacturer and calico printer* for 
Improremeiila in tbe production of ornaroaotaJ fabrics.— February 7. 

Rdwnrd Ormerod, of Manchester, mechanlcol engineer, and Joseph Shepherd, of 
CUarlton.upon-Medlock. in the aame county, mecbanlcai engineer, for Improvecnetits In, 
or applicable to, apparatus for changing tbe position of carriages on railwsfk — ' 
February 7 . 

Louis Jean Jacques, Viscount de Serlonne, of Paris, gentleman, for certain lonprove- 
metits in ihw manufacture of buttoosiondin the apparatui and machinery used thcfvio. 
-^Fcbruury 0, 

Bryan Donhln, the younger, of Bermondsey, Surrey, civil engineer, and Barnard WIL 
Ham Farey,of Old Kent- road, Surrey, civil engineer, for improvements In steam. eoginea; 
and eu Improved fluid meter. — February 9. 

Read Hoillday, of Huddersfield, for Improvementa In lamps,- Feb. 11, 

WlUiam Dlinkborn, of Hution, Lancaster, glass manufacturer, for certain improve- 
ments In machinery, to be u»ed in Iheuianufactureof glass,— February U, 

James Webster, of Lelceater, englDeer, for Improveroeats In the production of gaafor 
the purpojica of light.— February V2. 

John Mackintosh, of Berners- street, Oxford street, civil engineer, for Improvementa 
iaobtnkiing power In the floating of bodies; and in conveying fluida,— Feb. 12. 

Thomas WhiCfen, of Pig's- quay. Bridewell Precinct, ncconntaDt, for ImprovemeDis (a 
machinery for registering the delivery of goods.— February 21, 

John Steven Woolrichj of Wedneabury. Sufford, chemlaC. John Jamea Russell, of 
Handsworth, In tbe same county, and Thomaa Henry KuaaeU, of Wedoesbury aforesaid, 
patent tube manufoctureri, for Itnprovement* In obtaining i-admium and other metalsaad 
products from ores or matters containing them.— February 21, 

Alfred Vlrcent Newton, of Chancery- laiiie, Middlesex, mechanical drauirhtaman, for 
im prove m en tx in, se{9urBiing and aascning solid materiaij qt substances of dlff^erent ape> 
Citic gravities, (A commuulcaliun.}— February 21. 

John Slack, of MDocbesler, Lancaster, manager, for eertafnltrprovemen tain the mano- 
facture of It-xiile goods or fabrlcSi and In certain machinery or apparatus connected Ibere* 
with.— Pabrusry 'AU 

Alexand r Hediard, of Paris, France, gentleman,^ for certalu Improvements in propel- 
ling.— February 31. 

George Holwnrtby Palmer, of Weitboume-vlllaa, Harrow-road, Middlesex, civil engU 
neer, and Jnihua H or Ion, of the .£!ina at^ftin-englue boJlrr aod gaaomeler manuractory^ 
Smethwick, near Birmingham, SuUord, (or Improvements In the arrangement and con- 
struction 01 gas -holders.— February 21. 

William Cormsck, of l£|i>g strset, DuosUn road, Haggenton, Middlesex, chemist, for 
improvements 111 purifying gss; alio applicable in ol^Ulnlog or separatlog certain prv- 
ducta or maieriala from gM-water, and other similar dulda.— February 21. 

W^liltam Mayo, of tbe 6rm of Mayo and Warmiogton, Silver. street. Wood. street. Cheap. 
side, munufuciurera of mineral aerated waters, for improvements in connecting tubes and 
pipes, and other surfaces of glaas and earthenware.— February ^^1. 

John ScofTem, of Kssex.itreet, Middleaex, M.S., for laiprovemejjU in the manufac 
tare and rclinlng of sugar, aod In the treatment and «s« of maitera obtained In amhr 
manufacttjfe, aod In tbe construction of valves owd In such and otber manuractures.^ 
February %l* 
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I*£CTURES ON ARCHITECTURE, 

By Samuel Cleoo, Jon., Esq. ; 
^mofxd at the CnUegefir Ocnerai Praciimi Seimc^ Putney^ Surrey, 
(rBssromKTf Hta grac* thk duki or m^ccLsuoa, K.0,) 

LedHre IV. — Peulsqic rkmainb in Gbeetr, Italy, Asia Minor* 
Aaohitbcture of the Jews. 

It wsininilar, tbat in thoie oouDtrie«i where Art advanced the most 
r«fildly Utwiirdg perfectiorL, we should be able to ascertain the least 
MptetiniK its origin and progress. The history of the earliest 
faces inh^bitinif these favoured regions is so enveloped in myth 
and mystery, that even the fact of their having really existed 
mi^ht be doubted, did not so many ^ant ruins remain to attest the 
wirrk of their hands. These remains, whether fouud in Asia 
Elinor* Greece, or lialy^ are generally known by the name of 
"Cyclupenn" or '^Pclaagic." It ih not necei^sary to our purpose, 
tit enter upon the complicated question as to the what, or whence, 
of the^e preat builders of the olden time. This is not the place 
tti dettrrmine whether the Cyclopes (believed to be one-eyed, from 
the circumstance of their weariiitf helmets with i»ne aperture) were 
a tribe of Celtic from Aj^ia, or from Sicily, or wliether their name 
was applied indiscrimiuately to any unknown race of i^reat :?lren^th. 
It iM enough to know, that amon/sr the ancients the name ^"■Cyclo- 
pean" w*aa given to any work requiriujf more than ordinary power, 
Aja for the Pelasfijians;, the learned Niebuhr decUres their very 

Ioame cannot be pronounced by the historian, without a feeling of 
distrust, on account of the want of evidence as to tlieir origin and 
■he derivation of their name, and the many conflicting opinions 
poncerniof^ them. Wherever their native country may Save been, 
jlhej' certainly soon spread themselves over a wide extent of terri- 
tory; for we find these mysterious wanderers preceding the Hel- 
lenists in the Peloponnesus, and, together with the Etruscans, 
Umbrians^ and ^ntitrian*!, sharing the Tyrrhenian name in Italy. 

For the sake of classification, it is convenient to call the walls 
formed by rou^rh blocks of unhewn stone, piled rather than fitted 
on to eJich other, by the name of ** Cyclopean;'* while the walls 
constructed with accurately -fitted, uncemented polygonal or quad- 
ranpilar blocks may he distinguished aa '^Pt^laKgian.*' The firet 
kind, or Cyclopean masonry, which may have been adiipted by any 
rare of buildert in a rude age, was composed of blocks of great 
sixe, irregularly shaped, and rough as they were taken from the 
quarry, the interstices being lilled-in with small stones. The 
•ecsond kind, or FelaKgian, beli»ngs to a more advanced state of 
fiociety. The use of polygonal blocks, no doubt, originated in the 
naturafcl cleavage of tht? stone. The blocks were carefitlly dressed, 
ind freijoeotly even polished, to insure their being accuraitely fitted. 
Quadrangular stones were, of course, substituted when the cleav- 
age assumed that form; but they were not hewn to a size, nor laid 
in regular ctmr^e* — a style of masonry belonging to a ntill more 
civilised Ujji^e^ and no doubt originating with a brick-making people, 
Ilcmain^ of polygonal mas<»nry, of beautiful workinaut^hip, are to 
be found at Pterium or Tavium, in Asia IMinor, at Cosa in Italy, 
und in various other places iu IwHh countries. Mr. Dennis speaks 
<jf the pidygonal blocks forming the walls of Cosa as being no 
exquisitely htted, ^Hhat the joints are mere lines," and sjiys that 
not even ''*^a penknife" could be inserted between them, the outside 
iurfacc being as smooth as a ^'billiard-table." 

According to Strabo, the position of cities may be cited as an 
accurate test of civilisation and social security: judging hy this 
rule, the Pelasgiuns muht have been a wild race, for they chose the 
steep rocks rising abruptly from the plain, on which to found their 
eyrie; and here they built those huge walls, 

" Pilfd by tl>4> b«nrU of § ianti, 
FurguiMikc Icings oUT olil/* 

— walls which have defied the power of time, at once they defied 
htimun adversaries. 

In nutst of these ancient fortifications, the walls were guarded 
by square towers at intervaLs, where sentin<*ls were posted to give 
notice of impending danger. Alarm was given by means of fire; 
henee they were called torch or beacon towers. The gates were in 
all caAes defended by towers, even where the walls were plain. 
Gates seem to have been considered as necessiary evils, or were aa 
few iu number as possible; many of these old cities only possessing 
two. The multiplication of gateways vra» considered as the great- 
est proof of the strength and valour of the coninmiiity; and thus 
cities were celebrated by the number of their gates, like Thebes. 
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The gates were imiall in sise, and were at first made of wood, and 

secured by wooden bars; as the arts progressed, the wooden doors 
were strengtheued by plates of brass or iron, and had bars of 
metal. No city, defended by these Pelasgian fort ificationii, could 
be overcome by the engines then in use, and were never taken 
except by stratagem or treachery: thus Troy owed its fall to the 
wooden horse, and the Ba?«tian Thebes was voluntarily abandoned 
by its citizens, under a warning from the gods. 

It is well for human progress that the first settlers had rendered 
their rocky fortresses tnus impregnable, that those who had begun 
to acquire the arts of civilised life should be able to protect their 
strongholds against the ruder and poorer; and shoo la retain their 
position until jiolitical organisation and discipline wfks sufficiently 
matured in rival states to allow them, in their turn, to achieve and 
maint»iin the superiority. In course of time, as the population 
became too dense to occupy the summit of the hill, tliey spread 
thems Ives over the plain below; the original city was then dis- 
tinguished by the name of '^Acropolis," or upper town, and not 
only formed the citadel, but w*h8 considered as consecrated ground 
— where the shrine of the tutelary deity was erected, ami the trea- 
sures and archives deposited. At first, probably, the lower town 
consisted rmly of wooden huts, which are suppoaed to have fur- 
nished the model for future erections in siotie; such liuts as form 
the ilwelliiigs of the peasantry of Asia Minor at the present day. 

The Homeric poems present us with a picture of some degree of 
civilisation, as having existed in Greece at that early time — walled 
towns, fixed abodes, individual and hereditary landed pro}>erty, 
carefully-cultivated vineyards, altars to the gods, and palaces for 
the chief*. In the earliest age« we have no mention of temples, or 
statued of the divinities; but the sacrifices appear to have been 
offered on an altar in the cnurt of the palace, where the king (►r 
chief officiated. In the time of Homer, the shrine at Delphi was 
merely a small vrooden structure, covered in with laurel branche*v 
The little we know of the palaces of the ancient Greek kings is 
derived from the pages of Homer. The folbiwing description of 
the house i»f Alcinoiis gives an idea of splendour and lu.xury4 
though displayed in somewhat barbriric taste. 

" Ti\t^ ukUt vffrt m^ioy brtt* r ihf conikv hlfh 
Tllti> mriiJi* crotrnerl, iu clour uf the Rky ( 
Rich ptinm of ifoki. ih» tuMlriK door* iocaMt 

miwrr Ihr linteU d^ep i)^*]!^!!!!!!? oVr, 
Artd goM, th»^ riDpclvU tbut tiirruiind tbt doOr. 
Twi> ntnv» o( ttcitely do?*, oi* «ttber band. 
In iculptiirrd itoid, and lAbau''*!] itltrr ttand, 
Tbnr Vulcjitt fnritird wilh arl dlvOie* to wait 
tmmcirtalguanliana at Aldii4.>>Cli* ^'ate. 

• ««••* 

Fa>r thronn vHeHId from apnce to apac* ivere r«ta*d. 
Where rurlnua rar{>eta wUli (^mbrofdcry hiaiftd, 
Tbc vturk of uiatrort.** 

Od : P*>p«*i H<MD»r. 

We are reminded by the rows of guardian dogs, at the door of 
the house of Alcinoijs, nf the drnmos of siihinxes leading to the 
palace of the Egyptian kings. From the H*»meric poems we may 
also obtain a glimpse of the interior arrangement of these ancient 
dwellings, as the bard no doubt described the palace of Ulysse* 
after the general plan of houj*es of that age. They appear to have 
been built in three divisions: first, the aula, or open court, sur« 
rounded by apartments. Tliis court had a peristyle, or colonnade, 
round it, coveretl with a pent, or rnof; beneath this was spread tiic 
couches for the men. Teleuiuchus and Pisistratus are described as 
sleeping beneath this colonnade, in the ppilaee of Nestor. In the 
centre of the aula, stood the altar: in the palace of Ulysses it wiis 
dedicated to Jupiter. 

• -^—" ^ •* With tlraonnia •*«, 

From the dir* tcrne th' exempted rwn «irtth<tr«w ( 
Scarce tnre of lli^e. look ronnd, aod iremblbf move 
To the brigtit altar of ijratectlng Jove.** 

Odftaer^ 

The aula was entered by gates from the street; and opposite the 
entrance was a portico or vestibule, leading to the second division, 
which included the great banqucting-hall; this appears to have 
been a splendid and spacious apartment, the root supported hy 
C4dumn8, and the walls hung with tapestry. When Minerva visits 
Telemachus, the suitors are sitting on hides or skins, in the vesti- 
bule, fejisting and playing at chess, Teleinachus leads Minerva 
into the great hall, and receiving the spear from her hand, places 
it against a column. We are not acquainted with the third divi- 
sion, the gj^najceum, or women's apartmeuis; it is evident that they 
inhabited an upper story, for the females are invariably described 
as descending when they make their appearance in the other part 
of the house. The gyneeceum seems to have communicated with 
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the banquetin^-hall by folding- do ort: thus, speaking of Penelope — 

"Tourh*d &t the dremi\fu\ ttonr. lb* dc««od«t 

Foil ivber^ <he rtom* tU ■hinitif; vftlnet expMndl^ 
Sciddea before tlM rivftl poirert ■ti« lUnd*,** 

OdfNCT. 

Tbe Rula wag paved with marUIe; but the floors of the inner 
apartments were of pi>li(*hed wood, as were alwi the imposts of 
the ffftteway. The chamber where the treasures were kept is 
descrihed as having a floor of polished oak, and the roof supported 
hy oolunms, from one of which Penelope took down the bow of 
riypses. Attached to the houwe was a hitse court, which coiitjiiried 
the iftables, fframiries, and other farm buildings; m this court wiia 
a circular tttructure, with a conical dome, called a ihohis; it bad a 
wooden pilliir in the centre, but for what use this build iii|;^ was 
desig-tied h uncertain — it may have been a store-room, or perhaps 
a threshitig-floor. 

K|fvptian influence has been su^grested by the taperinj? form nf 
the (loors and windows in iVreek architecture; hut it nnist be 
remembered, that while the exterior wall of Egyptian building 
assumed a pyramidal form, the apertures were always vertical; in 
the Greek, on the contrary, the doiir« and windows only t>loped 
inwards, the exterior wall beini? invariably verticaL 

According to Paiisanias, Lycoiiura in Arcadia wa8 the most 
ancient city in Greece; a few Cvclopean walls only remain. — 
Tiryns in Arg-os folio wj^ next in diite, and is said t*i h?iv'e been 
founded 1710 b.c», upwardi? of 900 years before the firtst recorded 
Olympiad. Both Homer and llesiod mention the welb built walls 
of Tiryns: those of the Acropolis are formed of enormous bjocks 
of unhewn Htone«; the external wall varies in thickness from 
19 ft, 9 in. to ^3 ft. 3 in.; many of the blocks of which it is con- 
structed are 10 feet in length, and some a<i much as 13 feet in 
length by 4 ft. 4 in. in thick iiess; their breadth is from 3 feet to 
7 ft, tiln. The gallery of Tiryns is the most ancient vfiuH in 
Greece; the doorways are formed by stones placed obliquely, and 
meeting at the summit, thus forming a kind of pointed archr this 
form is met with wherever Cyclopean remains exist. 

We know nothing of the inhabitants of this city, except from an 
anecdote Athenreus has left us. It seems they were a wonderfully 
frivolous and light-headed people, making a je«t of the most seri- 
ous matters, and always ready for a butgli; at last this pri>fiensity 
became beyond a joke, and they applied to the oracle at Delphi for 
some means by which to get quit of their superabundant hilarity. 
The answer vouchHufed was. that they were gravely to sacrifice a 
hull to the god Poseidon, and with equal gravity to cast it into the 
eea. On an appointed day, the inhabitants of Tiryns assembled to 
witness the much to he desired consummation, and behaved witii 
becoming decorum; till an unlucky youth, repelled in his endea- 
vour to force his way through the crowd, exclaimed, *^VV'bat! are 
yon afraid I should swallow your bull.^" This idea so tickled the 
fancy of the giddy-pnted multitude, that they burst into a loud 
laugh, the sacrifice was interrupted, and they thenceforward re- 
signed themBelvei* to an inevitahle destiny. 

The most perfect and interesting Pelasgic ruin in Greece is the 
ancient Mycenae, in Argtdis, the capital city of the unfortunate 
race of Atreus. Its early kings were so wealthy, as to ^nm for it 
the title of the "Golden Mycemie." The citadel is an oblong, 
nearly lUOO feet in length, and is entered by two gate»i^ on oppo- 
site sides. There were towers on each side the gates, but none 
round the walls. The ctjstom of consecrating gates, by placing 
over or onon tbem sacred images, has existed in every period of 
history: ine Gate of the Lions (so called), at Mycenae, is an ex- 
ample of this time-honoured usjige. As the citadel was conse- 
crated ground, the principa! entrance-gate was likewise holy; the 
image placed above was the symbol of the tutelary deitv, the 
hieron nefore which the people worshipped: as in Kzekiel xlvi. 3., 
"Likewise the people of the land shall worship at the door of this 
gate, before the Lord, in the Sabbaths and in the new moons;" and 
again, in Psahns, Ixxxvii. 2, '"Tiie Lord loveth the gates of Zion 
more than all the dvv el lings of Jacob." The people of My cenie 
and Argos were worshippers of Aptdio, as the Sun -god, the same 
divinity as the Indian iWdius.* The animals sculptured above 
the gateway are evidently intended for panthers, not lions: the 
panther was consecrated to the Indian Bacchus; the orb and pillar^ 
placed between the panthers, were also dedicated to Apollo, or sun 
worship. 

Not onl^' were religious ceremonies performed, but markets, and 
courts of judicature^ were held before the holy gate; for this pur- 
pose, a paved court or open space was nec&isary, where the kings 

* Hen ttgilu we mwt wiUi a renuiuil ol Ui« eld Mllli(«ik wunblp^ 



gaies, wnicn tne L.ora tny uod givetJi thee, throughout thy tril 
and they shall judge the people with just judgment." In 
Kings, xxii. 10: ^*And the king of Israel, and Jehoshaphat 
king of tf udah, sat each on his throne, having put on their rol 



or judges could hold their sittings on solemn occasions. Thtj 
custom is alluded to in many passages of htdy writ, as in I>euten>-> 
nomy xvi, 28: "Judges and officers shalt thou make thee in all thf 
gates, which the Lord thy God giieth thee, throughout thy tribes; 

n-rkrt #»i..>«r 0l«n1l mm^A.^jt, * K » _^^n^>ln -^lii.1- * A. - 1 a. ** T 1 •:>* 

the 

^ , , _ put on their robes, 

in a void place in the entrance of the gate of Samaria, and all the 
prophets prophesied before them." In the Book of Proverbs, u 21: 
*'*Sbe crieth in the chief place of concourse, in the openings of the 
gates;" and in Prov. xxxi. *i3: "'Her husband is known in the 
gates, when he sitteth among the elders of the land." At Myce- 
na", the walls of the citadel project in parallel lines, so a« to form 
an area, or oblong court, before the gateway* The Lions' Gate it 
now nearly tilled up with earth and rubbish, so that its height 
cannot be ascertained; it is 9 A feet in breadth; the stone forming 
the lintel is 15 feet in length, 6 ft. 8 in. in breadth, and 4 feet io 
height. The panthers, with the orb and pillar, are sculptured oa 
a piece of green basalt, of triangular form, which is let in above 
the lintel: the opposite gateway is constructed in a similar manner, 
but the triangular stone above the lintel is plain, not sculptured! 
In some instances there would seem to have been an outer gate, as 
David (s described as sitting bitwem the gates, waiting to hear the 
result of the battle between Juab and Abiialoin. 
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Auclent GnteABr, AbIa Minor, 



There is a very curious gateway in Asia Minor, near the Turk- 
ish village of Eoyuk, ecpially illustrative of the custom to wliich I 
have just alluded. The inqiosts are nearly Ti feet in height: on 
the outside of each is sculpt ureil a sphinx-like figure in high relief 
— monstrous creatures, with bunmn heads, birds* bodies, and lion's 
claws; these were, no doubt, the sacred liiera, perhnjis symbolical 
of reg?d government. The walls, which are Cyclopean, here ad- 
vance about 14 feet on each side the gateway; the stones forming 
the lower course round the court are squared, and rudely sculp- 
tured with figures in low relief* Within the gateway there is an 
avenue of large stones, which must have led into the city. This 
ruin is perhaps one of the most curious relics of the heroic age 
now in existence. 

The^e gateway's with uprjglit imposts and a flat lintel across, 
may be cfdled Cyclo|]ean, as they are always found in connection 
with rude unhewn masonry; when the span was too great for a 
block of stone, a wooden beam was placed across us a lintel. — 
Pelasgic t^jtteways are generally rode arches, formetl by the courses 
of stones projecting one over anotiier, capjjed by a flat stone at the 
summit: the accompanying drawing is an illustration of this style 
i»f construction — the Gateway of Ancient Epbe>us, \vhich, it wiU 
be observed, approaches very closely to the perfect arch in out* 
line. 

Immediately without the walls of Mycenje, rises a mound or 
tumulus, and within this is the tholus or vaulted chamber, »ome- 
times culled the Treasury of Atreus, Imt now generally known as 
the Tomb of Agamemnon. The treasury of Atreus is mentioned 
as a brazen chamber; but this vault could scarcely have been so 
described, even if the walls bad been lined with metal plates, as 
has been conjectured from the nails in the wall. Nor is it pro- 
bable that a treasury, containing the wealth of the state, would l>e 
situated without the walls of the citadel; besides, the very form of 
the tumulus i»eems to announce a sepulchre; and the Gomparittoo 
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inlion wit?i the iilluRians to the tomb of Aprnnemnon, in 
Atik of inipbude^ leiivei little doubt of its identity. The 
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Gtirwny of Anctrnt FpHr«iii, 

entranea to the vault is a dunrway nf elaborate de««ijyrn, sculptured 
in ffreen bai^alt; a restnratiim frmn the frairments reniHining' ia 
piiMished in the supplementan' vt^lunie of t^tuart Hnd Revett'a 
I ^VJUt<|llittes of Athene.* The doorway was oriiriiially appruached 
Why ^trpti^ but the earth has now aceumulatod above the tFire^hohL 
fit ilitfers widely in divti^n and detnil from the Cireek of after ages: 
[the door cr g»te na* hraxeu; the cuhimna are decidedly Asiatic in 
miamcter; the capitals rjii^ely rci^enible the Egyptian,* though the 
%.^»e» approach the Greek in ^aceful outline; the peculiar scroll 
Rifisiini^ the priucipul det'oration \s quite dt.stinct from the Greek 
neander, but h met with iu souie of the Ei^yptian touibts; the van- 
^*ke may have been stijtr^'-eHted by a section of the ualm. On the 
ian|(ular tablet the panthers with the orb and iiiliar are carved 
relief. The vauhed chamber is circular, +8 feet in diameter; 
the |> resent height is 49 feet^ but it must originally have been 
ttuch hitrher^ as the ground h*»« been raided by the earth and 
tonc^ falling in. This vault is formed in the usual Pelasgic man- 
»T, by the projecting courses of stone^, afterwards hollowed oot, 
".iftdlcate;* no knowledge of the yirinciple of the arch» The 
fused in the hard breccia, found upon the npot: 36 regular 
I are exposed to view; they are uncemented, but united with 
Ihe greatest precision. The wall of the building is 1ft feet in 
thickne$»«; consequently, there is a pas<*age IHfeet in length be- 
tween the onter and inner dtior. The Htone» forming the roof of 
thill paasage are of en<triTious sijse: the lintel of tbe inner dm»r- 
wny i* composed of twc» blacks, the lar*rest 21 feet in length, 17 in 
lireadth, Hod 3 ft. 9 in, in thickness, the weight being about 133 
t*ui*f — a bhirk only infrrior in size lo tlio*ie of Karnac and Baalbec^ 
AftninU squnre chnaiber r>pens from tbe larger apartment. 

A iH?iH'^**hre of somewhat similar ccukI ruction has been dis- 
covered on the iiile of tbe ancient (a? re, formerly the still mure 
aacient Agyll», <me of tbe earliest iVhisgic settlemejitfi in Italy. 
Thi«» lonih (known by the name i^f its two discoverer^ Itegulini- 
(i,diiA^i) is entered by a Pelnsgic archway: the chandlers arc 
oldon^, instead of circular, hut vaulted in the manner already 
deMTibed. Thi»i sepulchre was opened for the first time only a few 
yenrH ago: the funeral beds stood in their original place?*, with tbe 
srmonr and jewels upon them, though their Oirn|»,tntr* had long 
crumbled into dust; ghields, Rpears, and other weapoUH, as well as 
vase* and pateraa of various form«, were suspended from the walL^ 
W nailN, As we know that tJie traditional rites of huri.d were 
religtinjsly observed by the early race^, we may concluile that the 
nails in the wall of Agamemnon's tomb were for the purpowe of 
ttt'JU'bing sepulchral furniture, rather than hruten plates. — My- 
cenM wai* debtroyed by the Argives, 5U0 ua:. 

At OrchomtMieSj in Bceotia, are other interesting Pelasgic re- 
mains; aniofjg^l which may be mentioned the Treasury of Minyas, 
i vaulted chamber of still larger proportions than tlie Tomb of 
Aicamemnon. It was once covered by a dome, hut the upper part 
has now fallen in. This buihiing was coH*idered by the ancients 
i» one of the wonders of the world, e4[Ual]y with the pyramids of 
F^^ypt and the walls of Tiryns, and is said to have been the work 
of the celebrated Agaraede* and Trophonius. 

in Bci*otia are the remain«i of the greatet^t, as welj as the most 
aucinnt engineering work achieved by the Greeks. Between the 
Kopnic lake and the sea, is a mountain of calcareous limestone, 



called Mount PUmn: the river Kesephus i^ formed by the over- 
flciwing waters of the lake Ending or forcing their way through 
the fissures of the mtmntain. These did not, however, afford a 
Btifficient channel, and frequent inundatinnfl were the consequence. 
To remedy this evil, artificial tunnels were cut thrtmgh the whole 
brendth of Mount Ptnon. The north-eastern tunnel is rather 
more than Hj miles in length, with about twenty vertical thafts let 
down into it along the whole distance. The shafta are now choked 
up, but the apertures are yet visible, and are about 4 feet square; 
tbe deepest is supposed hy Forchhammer to be about 1^0 feet. 
These shafts are thought to have been for the purpose of idlowing 
a greater number of workmen to be emph>yed at the same time, 
so as to carry on the work more quickly — just for the same reason 
that we sink' shafts at present. It is said that these tunnels were 
cleared out and repaired by Crates of Chalcig, who, according to 
Strabo, presented a report to his employer, Alexander the threat, 
stating that the remains of several ancient cities bad been brought 
to light, formerly submerged by the overflowing of the Kopnic 
lake. 

There are many more Cyclopean and Fela*igic remains in Greece 
and the neighbouring inlands, but they merely consist of huge 
walls, with here and there a gateway more i>r less perfect. 

Asia Minor, that beautiful peninsula thrown (ju* Laborde ob- 
serves) like a bridge between Asia and Europe, notwithstanding 
tbe genius of its people, never formed a great kingdoxu: its des- 
tiny was to become a battle^lield, where a succession of heroes 
struggled for the dominion of the world. The names of Criesus, 
Cyrus, Xerxes, Xenophon, Alexander the Great, Mithradate>, hal- 
hiw every spot of ground with a thousand historical associations, 
even before the foundation of the Christian churches gave a still 
more vivid interest to the land. It was anciently divided into 
several small kingdoms, that sometimes successfully struggled 
against^ and sometimes succumbed, before the power of Persia 
After the check given to the Persian dominion by the defeat of 
Xerxes, the numerous cities on the coast of Ionia, ^Etolia^ and 
C»ria, fcmnded by emigrants or exiles from tJreece, increased lU 
power and importance, and rivalled the mother country in art, in 
science, and in literature. After the battles of the Granicus and 
Issus^ won by the great Alexander, Asia Minor was united to the 
Maced^udan kingdom, but again dissevered at his death, when hia 
successors, Antigonus, Eu meues, and Lysimachus, obtained po-«ses- 
siuu of different provinces. In the year 133 b.c, Attalus Philo- 
pater, king of Pergamus, bequeathed his kingdom to Rome; but 
the peninsula was not completely subjected to this mighty empire 
till after the defeat of Mithradates, the great king of Pontus 

(05 B.O.) 

In each of the small kingdoms of Asia Minor, a distinct it yle of 
architecture seems to have prevailed; though of this variety, tbe 
tombs alone remain to bear witness. Truly, as Shelley s:»ys^ 
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H^utr thrlr miiir thniiKhU on Uir maw walla urunnd t ** 

and the abodes of the dejul frecjuently bear record of a race whos 
living habitations have long disapjieared. In each little kingdom, 
the ancient mode of sepulture seems to have been reHgimiwly ad- 
hered to, whether under Greeks or Romans, to as late a date ?* 
the Christian era. From the innumerable excavations in the rocky 
districts of Asia Mijjor, it has been supposed that they were m t 
only used for sepulchral purposes, but had in still more ancient 
times been the retreat of some Troglodytic or cave-dwelling trili'% 
like the ancient Edom. U is possible that the rocks may original] ,• 
have afforded shelter to such a race, and their caves have been con- 
verted int«» sepulchres by suhspquent inhabitants: but this is mI 
conjecture. In CappadWia, Phrygia, and other provinces, many 
chains of rocks are completely boneycomlied with excavatituis^ 
perfiirated with ibouaands of chambers, niches, and passages, 

Phrygia, being an inland kingdom, was further removed trvia 
the influence of the^Greek colonies, and approaches more nearly 
to the Persian in architectural style. The cliaracteristic of Phr\'- 
ginn tombs is the sculptured facade chiselled on the surface of tin* 
rock ; some are rude and simple, others elaborately decorated. 
Tlie Tomb of Midas is one of the most richly oriuimented. Thi?* 
sepulchre takes us back to the fabulous ages: we at once remember 
Midas, king of Phrygia, mn of Gorgias, that miser of the olden 
time, who prayed that whatever he touched might be turned into 
gold; and when his prayer was granted, would have starved to 
death in the midst of his riches (every morsel being transmuted as 
it touched his hungry lips), had it not been for the tender mercy 
of Bacchus, who ordered him to bathe in the river Pactolus, when 
its sands were changed into gold, and Midas was relieved from !ns 
fatal gift. Thus cleansed and purified from his gtdden f^ver, be 
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mii^iit have been a happy man^ had he not committed the folly 
of tJikiiig the weaker side agfiiii^t the tttron^er, in a contest 
between Auoil*> and Pan, when he was fiunished with a pair irf 
iisaeti' ears by the angry Siin-p»d; he wn9 likewise tormented by 
evil dreams, in attempting to relieve hmii&elf from whii^h, he died, 
and it ia to be hoped slept well at la^st in hh gorgeous tomb. The 
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T«TOb of II Id u. King or Phrrgla 

tomb at anjr rate h real, and remains to thi'* day. The rock upon 
which it is carved is of volcanic tufa, isolated^ and presenting a 
wirface of about 1316 s<|uare feet. The BCiilplured surface, exclii- 
aive of the margin and pediment, is about 41 feet by 37 feet, TJie 
outside measurement of the niche is about 17 feet wide and S^ feet 
deep; bwt the interior is not above 6^ feet in width, and so shal- 
low, that it is difficult to conceive how a human corpse could have 
been denositeil there. The niche must formerly have been closed 
by a slab of stone, upon which the ornamental pattern wajs con- 
tinued. Over the pediment are two circular forms, meant to 
represent either shields or volutes; and there are other richly- 
iculntured facades in the neii^hbourhood, wiib similar ornaments. 

Too custom of suspending shields, not only over sepulchref;, hut 
on the city walls and on the temples, was ho ancient and universal, 
that there is every reason tu believe such to have been the origin 
and intention of tbe.^e ornaments, even when they take a more 
volute-like form* Ezekiel alludes to this usage in chfip. xxvii., 
v»Il : ^^They bunged their shields upon thy walls round about; 
they have made thy hewuty perfect;" and we know that the 
nntnent Greeknj frequently pre*.ented sldelds as votive ofteringf?, 
when they were suspended ou the widU ftf the temple. 

Many Phrygian tombs are sculptured in the form of a richlv- 
ornamented and panelled doorway; but the door is fictitious, tfie 
opening to the tomb being above. These ttmdjs are entered by 
fihafts pierced in the rock, with niches in the sides, at intervals, to 
fucilitate the descent. In some instances, the excavated rock- 
chambers communicate hy means of these chimney-like Hhafts; so 
that tier after tier, and chamber after chamber, may be traversed, 
like a vast mine in the heart of the mountain. In s<une caves, 
sarcophagi are fctund; in others, funeral beds; and, in many, no 
traces of their liaving been occupied, either by dead or li\'ing. 

In Lycia and Xanthus, the tombs differ widely from those of 
I'hrygia; many of the excavated chtimberrt have apertures singu- 
larly resembling the heavy mullioned windows of the middle ages; 
these are generally finished with denticulated ornaments and 
pediments. In Xanthus, sepulchres are foinid in the form of 
towers, something resembling in form high pedestals: perhaps they 
may formerly have sujiported sphinxes, or statues. The tower or 
pillar is a very ancient form of monument, immediately succeeding 
the stone of memorial; there are two of great antiiiuity in the 
north of Syria, between Tripolis and Tartous. The pedestal of the 
first is about 6 feet in height; on this there are s^aid to have been 
four spill nxes^ but they are now too much mutilated to be recog- 
nisidile. (Jn the pedestal stands a circular column, about 20 feet 
in height, divided into two pnrt*:, by a denticulated ornament, and 
Kurmounted hy a small pyramid, llie other pillar or tower glands 
At a distance of nbout 30 ieet from the first, and is of similar form, 
except that the summit is dome-shaped, instead of pyramidal. 

The most remarkable tombs in Xanthus and Lycia are those in 
the form of sarcophfigi, raised upon a pedestal; they are evidently 



hewn after the model of constructions in wood, and differ from 
those of any other region hitherto explored. I use the word Sar* 
co^phaguH instead of the correct Oreelc term ^^wvw, as being mor» 
familiar* According to Pliny, a peculiar stone, found in the neigh- 
bourhood of Assos, in Asia Elinor, had the property of constimine- 
the bodies inclosed within it, whence it was called by the Romans 
mreo-phagug^ or flesh-eating. 




An dent ToiftTi north of Sjil*. 

The Lycian and Xantbian sepulchres display a mixture of Greek 
and Persian, or perhaps Assyrian taste; many of them are richly 
decorated with bas-reliefs, as may he seen by referriiig to the 
Xanthian marbles in the British Museum. One great peculiarity 
of these tombs is the high-pitched roof, though such must hav« 
been familiar to Homer, for in a passage in the Iliad, he comparee 
Ajax and Ulysses grasping each other in wreitling to the pointed 

riKif; — , 

'* Cluw lockeit nbor»» their hi^ndi ■nd nrinB are ml&'d* 
iJ^-UivT tb*flT piKtited f«t At dlitaiicv' HxM j 
iAkt ttvo BtrurKg rtiftrr« u'tiicti Ibe bnilflf r rorroi* 
PrtHif to tXiv winXTf wind auil howlling il >rint| 
TIteir lupt ion>iii*ct.erl, Lut at widrr iiiBti?, 
Pix^d uu tbe ceutre lUuid^ llurlr loUd bue." 

niKd. 

In Caria, also, the sepulchres are elaborate and beautiful. Ac- 
cording tt» Air, Uaniilton, they form three sides of a square, the 
fourth being against tlie side of a liiU, and must h;;ve the appear- 
ance of porticoes leading to temples within the rock. At Hali- 
C4irnassus, in thi^ kingdom, was the celebrated tomb of Mausoleus, 
king of t'aria, erected to his memory by his widow^ Artemisia, 
who is said to have drauk up her husband's ashes, in despair, at 
his death. Ijilike matiy inconsolable widows, she never married 
again, but died broken-hearted in less than two years, after having 
superinteuded the erection of this splendid monument, intended 
to perpetuate her love and grief. This tomb stood upon a platform 
411 feet in circumference; four architects were employed in its 
construction; and as it was built at the time of Greek pre-eminence 
(about 353 n.c), was doubtless in the Greek style. It was called 
the Manmlruw^ and was so renowned for its beauty, that it has 
given a name to all magni^cent places uf sepulture of subsequent 
erection. 

In the Troad, and in Lydia, it was the custom to construct % 
tumulus over the grave. Mr. Hamilton says, that in one plain in 
Lydia, there rire upwards of sixty tumuli, called by the Turks Ben 
Tepeh (the thousand hills.) The largest one, known as the Tomb of 
Ilalyattes, is nejirly hal^-a-mile in circumference. 1 have mei»^ 
tioTied the anticjuity of the custom of burying under a tumulus in 
a former lecture. Homer refers to it in the following passage: — 

** New all ihtf f niift of irorSIke (ir»«ee turrouiiid 
Tby a«flOn<»c] imnlj', miri v9ai r mighty tnotiitdt 
Htgh i>D the •hare \hc Kratvliis '■'ill w'e ruiM** 
Tbut wide ih« vxteod«a Utjlviipoui Buiireys( 
Where nil r'ix>m agt? u> A^e, who \i\9% the coa»t, 
liar I)olut Achll^n' tomb, iwd balL Uir tnliihly Ghoit/* 

*— Odyiw^. 

It would be neither interesting nor instructive, to enter further 
into the ant iqui ties of Asia Minor, rich as it is in remains of the 
rarest architectural works. The beautiful ruins of Ionia, iKtolia, 
&c., will be included in the hit^tory of Greek architecture; and 
any further notice of those existing previous to the rise of the 
Hellenic colonies, w ould but be a tcdiuus Est of Cyclopeiun and 



Pelaa^r walls anti fTAtewaya, in no esfiential point differing from 
tli«i>e ftlreiiHy deHrrtbed. 

Deeply interesting m is tlie history of the Jews in other respects, 
mm far 3« regards architecture it is almo**t a Mank. The Jewg, 
kaTinir lieen a pftt«tonL] pe^iple, never hecame ^reat buildern, And 
iWf^wTreff no ^yle of their own. Though Jerusalem is » city of 
M, having been founded (nccordinij to Manetho)* by 
let their expnbion from E^rvpt, we have no de*«crip- 
t.M. . oi .iiiy i*f its biiildinffs previous to tiie erection of Solomon'ti 
remple. The firi^t Jewish structure on record is the Ttibernwcle^ 
whieu Josmihus describes as ^^a moveable ami ambubitory temple." 
U wjM 52 feet in leoffth by 21 feet in breadth and heijfbt, and had 
twenty quadrangular pillars on each side, and six at the end or iiost- 
icn$. The front was placed so iw to have an eastern ii^^jtcct^ that it 
micht catch the first rays of the sun. The pillars were of wood, 
covered with thin plates of g-old; and as the structure was to he 
vuive^ible^ the pillars were fitted into their base<4, and the gtdd or gilt 
W( forming the architrave into each other/by a tenon and mortice, 
9a that they could eai^ily be t^ikon dow 11, and set up in a new place. 
The interior of the Tabernacle was divided into three pnrts, as it 
luieht be the vestibule, pronaoti, and adytum; the latter beijig the 
jao«t holy place, where the ark was deposited. The Tabernacle 
wts placed in the midst of a court, or sacred inclosiire, fornsed by 
fJeaner brazen pillars or staves, with cords from one to another, 
im which cxxrtains were hung; these staves terminated in a sharp 
end, like a spear-head, whirh was stuck firmly in the grouna. 
Within the court was the braaen laver or vessel for purifica- 
tion. 

We learn from the sacred writings, that when David built his 
hl^iifle^ he sent for an architect from Phoenicia; and king Solomon 
^dlloired the example of his father, when preparing to build his 
temple and palace at Jerusalem* Hirnm, king of Tyre, nut only 
tent an architect, but aUo provided uther w<irkmefi, and much of 
the necessary materials. It is very ditlicult to fditain any clear 
conception of the Temple of Salomon; the description in the 
l«t KingTS, and 2nd Chronjde*«, da/Kliiig the imagination with a 
rmgue idea of gorgeousncHs, but not giving sufficient data fur an 
accurate plan. Many different opinions prevail on the subject: 
Mr. BArdwell, says, "the temple of Solomrm had not in its pro- 
portions and details any thing in common with the temjiles of 
Greece;" and presumes it to have been altogether copied from 
thoae of Eg)"pt; while Mr, Wilkins, in bis vwluable work on Magnu 
Graecia, supposes the Temple of Sobtmon to have been the mudel 
after which the *ireek temples were constructed. Objections 
may he made to both these opiujcms. The Temple^ which was to 
be a stationary Taberjiacle, closely resembled it in proportion and 
distribution of parts; and so far, the first idea of the building may 
have been borrowed from what they had seen in Egypt; but it is 
Karoely likely that the Hebrews would have been desirous of 
building a temple to the Most High, constructed exactly after the 
model *>f the idolatrous temples of the abhorred land of Eg}'pt, 
fvery recollection of which was so asj^ociated with slavery and 
degradation, that even brick-making beciime as great an ahonii> 
ftation in their sight, as the Shepherd life was to the Egi'ptians. 
On the other hand, it h unlikely that the iJreeks should have 
copied from 8idoinon's Temple; they had no religious motive for 
n doing, and hail but little intercourse with Judea Josejihus, in 
hitf letter against Apion, sjiys, ^Hhere was no ticcasion offered us 
in aoeient ages for intermixing among the Greeks;" and afterwards 
oliaerved, that being an inland people, the Hebrews were com- 
paratively unknown to them. The most probable conclusion is, 
tij at HS a Phoenician architect was employed, he would construct 
the Temple of Solomon as nearly as post^ible after the plan of those 
of his own country; and as there is little doubt that l»rcek archi- 
teeture also originated in Fhtpnicia, there would naturally be a 
(p^at similarity between the Jewish and (Jreek temples, though 
the plan wuuld he adapted to the requirements of the pe4>ple, and 
their peculiar mode of^ worship. 

Three years were occupieu in preparing materials and hewing 
»tonea for the temple of Jerusalem, and seven years more in its 
erection ; the walls were constructed of stone covered with cedar, 
»nd the roof entirely of cedar wood. Josfphus says, speaking of 
the skill displayed in the masonry, that the polished stones w^ere 
'^laid together so very harmoniously ami smoothly, that there 
appeared to the spectjitors no sign of any hammer or other in»>tru- 
ntent of architecture; but as if, without any use of them, the entire 
materials had naturally united themselves together, that the 

Ement of one part with another seemed rather to have been 
al than to have arisen from the force of tools upon them." 
nterior of the temple w as divided into two parts, the oracle 



and the sanctuary ; there was also a porch or veitihule before the 
front of the temple towards the east. 

Th© proportions of the building (taking the cnbit at 21 inches,) 
were, including the porch, 140 feet in lengthy by 35 feet in breadth; 
the oracle wns a cube of 35 feet, the sanctuary 70 feet in length, 
the remainder being given to the porch* Inatead of a peristyle, 
the Temple of Solomon was surrounded on three sides by a num- 
ber of small cells or chambers three stories high, each chamber 

8 ft. 9 in, square, thus giving a total width to the building of 43 fl, 

9 in. This arrangement wa^* not unique: there are the ruins of n 
tt>mple in Lydia which has a set of small colls extending the whole 
length of the flunk. Access was gained to the upper stories by a 
staircase in the Uiickness of the wall, and light admitted into the 
sftnctuary by a row of narrow windows or loop-holes above the 
chambers, ^fhe whole of the interior of the temule, including 
floor and ceiling, was overlaid with gold. The oracle was divide<I 
from the sanctuary by a pair of folding doors of carved cedar wood 
ri<-hly gilt, and also by coloured and embroidered veils of line 
linen: the sancttiary had similar doors leading to the porch. In 
the porch were the two great pillars, called Jachim and Boaz; 
these were massive brazen columns, with vase-shaped capitals, 
enriched with net- work and foliage. Round the temple were 
three courts, each one elevated a few feet above the next. The 
highest, nearest the temple, was called the Priest's court, because 
the priests only were permitted to enter; here stood the great 
brazen altar, and the molten sea, and other lavatories; this sacred 
inclosure was surrounded by a wall between S and 6 feet in height* 
I'he next, the court of Israel, was quadrangular, contained clois- 
ters, and was entered by a great gate on each of the four sides; 
into this, says Josephus, *^ all the people entered that were distin- 
cuished from the rest by being pure and observant of the laws." 
The outer division was culled the court of the Gentiles; this was 
fiurrtiunded by a doutde row of cloisters, supported by stone 
columns, and roofed over with polished cedar; here only the public 
were freely admitted. 

This magnificent edifice was destroyed by Nebuchadnezzar, 586 
B.C. The temple was rebuilt on the return of the Jews from 
CJiptivity, hut not in its* original splendour, for we are told that 
when the festival of its completion was celebrated, the old men 
and priests, remembering the superiority of the original building, 
broke out into tears and lamentations, so that ** their wailing over- 
came the sounds of the trumpets and the rejoicing of the peopie," 
This second temple, after sustaining various injuries, such as 
having been plundered by Antiochtis Epipbanes, and desecrated 
hv I'ompey, was consumed by fire during the siege of Jerusalem by 

1*itU8, A.D. 70. 

The Palace of Solomon was situated near the temple, and must 
have vied with it in splendour; it appears to have been arrangeil 
on a similar plan to the Eastern palaces of our own day, in large 
open courts, surrounded by different apartments. Solomou's 
palace consisted of three divisiojjs, the centre one containing the 
great hall of judgment and other public offices ; the rest of the 
Ijnilding formed the residences of Solomon and his Egyptian queen. 
The principal apartments are described as having floors of cedar; 
the walls were inlaid part of their height with polished marble. 
Ahuve this was a row of sculptured slabs representing foliage, and 
between these slabs and the ceiling the wall was plastered and 
richly painted; thus closely resembling the interior of the palaces 
of Nineveh. There were also cloisters for exercise, and, according 
to Josephus, "a most glorious dining-room." He continues: "Now 
it is very hard to reckon up the magnitude and the variety of the 
royal apartments; hoiv many rooms there were of the largest stirt, 
how many 4>f a size inferior to those, and bow many that were sub- 
terraneous and invisible, the curiosity of those that enjoyed the 
fresh air, and the groves for the most delightful prospect, for the 
avoiding the lieat and covering of their bodies ; and to say all in 
brief, Solomon made the whole building entirely of white stone 
and cedar wood, and gold and silver. He also adorned the roofs 
and wfdls with stones set in gold, and beautified them in the same 
manner as he had beautified the Temple of Go^l with the like 
stones," 

Of the private housei of the ancient Jews we know little, 
except that they were flat-ronfed, and of two or more stories, as 
frequent mention is made of " the upper chamber," The flat roofs 
were used, as in the East at the present day, both for exercise ajid 
repose, and it was commanded by law that each houi^e should have 
the roof protected by a parapet. 

Most of the buildings now existing in Palestine are Saracenic; 
the most ancient do not date beyond the time of Herod, with the 
exception of the tombs of the Patriarchs, The celebrated Scpul- 
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clire of the Kingi?, near JeruRalem, is undoubtedly Roman in 
design; it h by s<jnie Bupp<mfd to be the work of Henid, and by 
others to be the tomb of Helena, nueeii of Adiabene, who hai 
become a convert to the Jewish fuitii: there are atill the remains 
of a beautifully sculptured facade; a low doorway conducts into a 
Ur^e chamber, hewa out of the solid rock; from this braneh off 
«ev(»riil small rryjits, with ledt^es on which to depot^it bodies or 
coflfinti; a flifflit of steps leads to a lower «et of ohamherst^ Mimilar 
in form and arrangement to those above; here some beautiful 
white marble sjirt'opha^^i were found, 

Tlie Tombs of tlie Patriarchs are situated in the valley of Jeho> 
ahapliat, on the eastern bide of the Brook Kedron; the namen 
as*iiirned t<» them are the Tombs of Jehosliiiphat, James, Zachanah^ 
and Abmdoni: the two latter are the mo«t elaborate, M. do 
Cliateaubrland ^peakf} of thet^e tombs ati diisplaying' a manifest 
alUanoe of the E^ypiian and Grecian tante; '"from thi^ alliance/' 
he sayft, ^* resulted a heteroijeneou^i kind of monument, forming, as 
it were, the link between the pyramids and the Parthenon." 

The Tomb of Zachariah isj^tiown in the engravinjfj it ie mono* 
lithii% and couisistH of a si^uare, with fmtr en^ged Ionic ecdumni} 
and two pilasters on each nide. The Ionic are of the rudest kind, 
and bear the stamp of great antiijuity. The entablature is finished 
with the ancient bead-and-ca\ etto moulding, and the whole sur^ 
mounted by a j>)Tamid* 



\ 



4:4 



■k.h 



f 



>: '*!i V 



' ""ii^. 



T(>mbof ZNcliorlMb. 

The Tomb of Absahnn con^*istsof a ma^^*; of rock, 'il feet square, 
stani^in^f in a recess of the hill which >iurrounds it on three t*idt*s. 
It l*as tw*> eui^ugeri Ionic colunnis and two pilasters on earh 
aide; the frieze is ornamented with tri^lyjdis; on this square stands 
a dome, and above this airain a upire, the summit of which ex pandit 
l;ke a bell-«ha]*e<l flower. This is KoppoKcd to be the build ini^ 
referred to in 2 Samuel, xxviii, iHt '" Now Absalom in liis life- 
tirne hiid taken and reared up ftir himself a pillar, which is in the 
Kin^^'** Dale; for he said, I have uo f^on to keep my name in reniem- 
b ranee, and lie called the pillar after his ow n name; and it iii called 
unto this da)\ Absalom's Place." — The tondis of Jehoshaphat and 
Jjimcri are simple excavations. 

The art of f<irtilication was alvrayN encouraged by the Jewish 
kings, Jcru^iilein, and especially its citadel. Mount Zion, was well 
defended by titri»n^ walls and towers; these hnve now given place 
to no»re modern fortifications. Well may the Jew> keep the Hay i»f 
Desidtition in gazing upon Jerusalem, when of all the maguiticent 
and stately buildings that once adorned it, not a ruin reiuiiin.H: 
but, instead, lloiuan wall*i and Saracenic mosi|iies, idling of a sue- 
cession of conquerors. Palcr-tine has still muLh to engage llie 
attention of the antiquary, but littk*, iis has been seen, to attract 
the architect in his iiu|uiry intu the architei'turc of" the Jews. 

In the next lecture I shall sneak of Eiruri.i, stone building; s 
after the wooden model, and the Joundation of Home* 

LIST OF AlJTUOaiTllC!*, 
Ai^dMit and Modfrt) AfrhUtctur*, GaiDiabaua.— I'mr^lB In Gr«tc«. Dodwell.— Tmvrli 
lu Grctct, Ur, €larkp.— Tour !n Grtecr, |ir. Wor(liw*»fih.— Cyclopean atvd P«l4«gic H-- 
inahi«, Doiiiivf U.^ \ntSquitU't af ALheni, Stuart aikI llrvfit.— l>«»cfLiianF dl Ctrr AnOio, 
rAnkiiK, — Mnffift Clr»e)i^ WHItlTlil. — Notrt on Vitruviu*, Wtlkln*,— Hlltciry of Grreve, 
(Jrute.— Cities iind Sepukhrn of ELrurln^ G. DetmU.— T lutta JLVunit It dianhilo dfi 
Honmnt, MIcaU,— Asia Minor aod Ljrda, !j»r€. Frjji^ir*.— TniTel* in A»U Mtnor, KafnlltnirM 
—Voja^iea \* Aaitf Mlneurv, Libordr.— Vuystri'* '« I* Ail« MlDcure, TejiW.— Humtr, 
fope't tumttaUoa,— Bible UUwrj of F4.1p»iUir, KUto.— Hlitory oftbv Jews, JotC|)hui. 



PRINCIPLES OF DESIGN. 

Rudimentary TreaiiJie on the PrmdpleJt of Design in Arckiteeturt^ m 

Deducihte from Nnture^ and E.rempiified in the Works of the Grttk 

and Got hi f* Arch it rets, Bv Ehwa&d Lacit GARBtrrr, Architect, 

Parta I. and II . London: Weak, 1«^. 

Wk have a well-known line of Homer, that "life i» a mincled 
skein of ^mnl and ill:" and this U vrhut we must Any of thi^ book, 
to give anything- like a knowledge of it. There ia ill enough in it 
to condemn any book ; and yet there is as much good im wotdd 
make a book. If it were a work on strict science, the faiJing* 
would be fatal; but as it is on a debateable and unwroug-ht subjeet, 
perhaps we owe much to the writer for what is new, true, and g^od, 
instead of haviutr afiy rifiht to blame him for what is otherwise. 

It was a token of health when the outcry begran about the want 
of taste and 4iri^inality in buildini^ — thia set men thinking; but bad 
this ^one on, we ^ihould have been brought to a more sickly mood 
than we were beft^re. It is easy to blame; any one can do t)iat — it 
costiK nothing; even the youthful critic is sharp enough in lindinic 
out a blot^ a blunder, or a want: and the world, always ready 
enough at it, was i*et grumbling. Grumbling is good, if we have 
not too much of it; but we wanted something more — we wanted to 
know what was to he done, as well as what was not to be done. 
That is the step to which we have now come, and it is a further 
token of health. 

So long as hufndrum swayed, woe betide the unlucky wight who 
strove for any^thing new; the herd of dullnes»' sons soon brought 
him to the ground. The way, however, it* now opened; men may 
think and do^ if they know vihat to do; the chains of mock clas- 
sical it y are snapped asunder, and skill i^^ free. Slowly has a school 
of criticism risen, such as we have never yet had : and if the laws 
of knowledge are not yet settled, if the whole field is not beAtea, 
and every niw>k searched out, yet we have hope before us*, which 
we have never had before. Tiie works of Leeds, Pugin, Jopling, 
Alisnn, W he well, VV'illis, Hay, Fergosson, Rusk in, and we shall 
have to say, of Mr, Garbett, have each laid open somethin*; new. 

If, however^ any one thinks all is now right, and watchfulness ftt 
an end, he will reckon without his liost. The ciint of classicism we 
have got rid of; but the cant of criticism threatens us. Quackery 
IB n4»t &o soon laid; it is a ghost which takes many shapes — and 
when driven from one, grins at us in another. There is little need 
of warning as to the 'Seven Lamps' of Mr. Rtit*kin; quackery is 
written on the forehead — ^the mysticism of the Seven Lamp^ wenrs 
thnoif^hout: hut there is likewiwe some of it elsewhere. 

To review Mr. Garhett's book, we should need to write another 
at least as lontr, for at every leaf there is something to be said; but 
as we do not feel the call upon us to undertake such a task, we must 
lighten our work by again telling the reader, that it is a bi>ok from 
wliicli he may learn a great deal, but must not believe everything 
that is set down for hinu The end Mr. Garbett hfi« in sight is, to 
lay down the laws of de.sign as drawn from luiture; and this is a 
great thing to be dojie. Why he has so often missed, and why so 
many others have missed, is from having gone about it in the 
wrong way. 

The groundwork of al! lawmaking is a thorough knowledge of 
things* We hnrdly need Hacou to teach us this; and yet all this 
is to be done for the work Mr. Alison and .Mr. Garbett have under^ 
taken. It was the want of tliis, which, under the Aristotelian 
school, brought every kind of knowleilge mrlou; and in nothing 
perhaps was this so striking at the jww birth of learning, thaii 
in the knowledge of beasts, Othello's gleanings nf natural liistor)^, 
"of men whose heads beneath their shoulders grow," were got from 
the field of learning. Tlie Ilurtus Sanitatis, or any other black- 
letter book of the kind, will show what were the laws of nature 
believed in in Shakspearian times: and so far as design goes, we 
are not much better off now, nntl on the very same ground, inas* 
much as no one has undergone the toil of setting down every shape 
to be seen in nature, and drawing the laws fri>m them. The laws 
have been drawn up first; such things as help them, brought for- 
ward ; the things against them left out of sight, or twisted la some 
wrong way. 

TJie want of a sound groundwork has made much of Mr. Gar- 
bett's building rotten; hot we are bound to acknowledge that he 
1ms done the best he could. He has an eiirnestness in his work^ 
an enlighteneii feeling, good knowledge of bis busineiis, axtd is 
thoroughly well read in the learning of art. He neither blindly 
follows any man, nt^r stubburnly sets hiiuseJf against him; what 
bethinks right in any one, he takes with fair acknowledgment; 
and if he or any of the 4»thers had, indeed, settled the laws of 
nature or of design, his would be a good hand-book on the subject. 
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WliAt Mr. GarWtt has done^ «how8 moreover what may be done; 
art ifi not without laws, though we do nut know them all. 
the reader has gone through thh book^ he hm t»till to read 
m and the others to make up hk nkind what he will believe 
'follow out. Nevertheless, we may fairly say Mr, Garb©tt'« 
Kftk is a step forward. 

Having shown what is the root of the evi]^ we shall not put the 

9i>k away without a few wordii as to some of itii te^cbiiigs. Mr. 

' Giirb^tt layg it down^ that no huildiiig has a right to be ii^elii^b; but 

he ride^ thi& hobby too fi»r the wrong road, being afrnid, as be nays, 

of gtJing on that to commufiism. This h some of the fant of the 

day; and is giving a wurtb to a name which doeii not lielorig to tt. 

If a thing i^ right, we may t^tick to il without fear of its^ name; 

I and we need not wander from the field of building, for a stalking 

I hone on the field of politics* If man is not made to be selEih 

and live alone, then it i^ hi*^ bounden duty in a buildings as in 

i erciything else, to show gome feeling fur his fellows. A» he can 

I have 00 right of himsself, but only by the law of the land, to run up 

a building, so he can have no riglit to run up a building which is 

sightly* The least be can do,, if only as a reward for the leave 

giTto to him, is to build right. 

We may say, by-the-bye, that Mr. Garbctt gives his meaning to 

I the word aesthetic* — a woril which i» a stumbling-bloek laid in the 

, way of art by our High Dutch neighlKJurs ; and which the soaner it 

I is got rid of the better^ for what it means no one knows. We are 

Istnt back to aijifthefiko^-^ and thence to aijuihaiiomai; then we are 

' hniPiijEht forward from the Greek and Greek-Engliiih to Latin- 

EagUi^h; and told that aesthetic means senswiug^ or retdiitig (& the 

leiuef^ which in English are the feelings. Estlietics seem^ to have 

been meant by the High Dutch for the knowledge of the laws by 

which beauty impres»ie<; the feelings; hut esthetic may mean a 

number of things, as it is understood in its several Greek, Latin, 

SogUirii, or High Dutch relations. 
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REPORT OF THE COMMISSIONERS 

AP1*CJIN'TKI> 

TO INQUIRE INTO THE APPLICATION OF IRON 
TO RAILWAY STRUCTURES. 

Tkb last notice of the Report of the "Iron Commission' 
referred to the manner in which empirical fonutjliB had been 
obtained fur connecting the huiffitudtnal cuni|H'eissioii and exten- 
sion of cast-iron with thp ci*rre^ponding elas^tic forces. '*The law 
of elasticity," it is siaid in .Appendix A, "constitutes the very basis 
of all S4Mind knowledge of the statical and dynamical properties of 
girders," 

The **revision of that law*' is undertaken as one of the subjects 
of this Appendix. The investigation was conducted by one 
member only of the Com mission — Mr. Hodgkinson — whose expe- 
rience and persevering re:^earuh as an exuerimenter, render empi- 
rical deductions obtained by him worthy of the most careful 
consideration. 

In the preceding number of this Joumai (page 9^), was given 
ooe of his tables for Extension of Cast-iron, showing the relation 
between different suspended weights, and the extensions produced 
by them. 

The results of computing the extensions from a certain empi^ 
rical formula are also given, and the errors or deviations from tiie 
oiwerved results. These errors, in five cases out of £fteen, 
deviate from the real result by about one-fiftieth part; the smallest 
of the remaining errors is the two-hundred-and-eighty- fourth 

Sart. Now, although these errors may seem small in themselves, 
bey cease to appear so when it is reflected, 1st, that the em pi Heal 
law assumes the character of **the very basis of all sound know- 
ledge of the statical and dynamical properties uf girder?*;" 2nd, 
that the formula is nnt deduced from abstract theory, but from 
the experiments themselves, and is in fact no more than a synopsis 
of their results. 

Under the first head, we observe that any error in the empirical 

kw becomes enormuusly multiplied when it is applied to the 

Iheory of girders. The result of integration and other analytical 

loenea involved in that tlieory, is that the magnitude of the 

igtnal error is not at all commensurate with the magnitude of 

it induces. We are to remember that the old law of elas- 

icity (that of direct proportion of the longitudinal forces to the 

tension or compression) led to tlie inference, that in a girder 

ic central deflection and transverse pressure were in direct pro- 



portion also. This result, however, was not quite true. A fniall 
increase of deflection above that due to the proportional incre^ise 
of pressure was observed; and the former increase was due to a 
tmali error in the assumed law of elasticity. It mav easily be sup- 
posed that this ^^smalJ increase" and ^'^ small error' (though small 
considered separately with reference to the resultH from which they 
were respectively derived) are not small with respert to eacf^ other* 
This is the best way in which we can put the argument, without 
aid of mathematical language; tftat would show that the "defect 
of elasticity'* of the deHected girder is a quantity of tlie same 
order as the ^'defect of elasticity"' of the longitudinally compressed 
or extended rod. 

lii the table above referred to, the ** errors" or deviations of the 
formula from experiment, are given ^'in parts of the real weight" 
stretcliing the rod: but if the errors had been given in parts of 
the much smaller quantily^ — ^"'the defect of elasticity" — they would 
have appeared much larger. 

The second head of our remarks is this, that the formula i« 
esseutiaily empirical. It depends on no aWruse investigation; 
and all that is retjuired is a method of representing observed 
results in the short-hand of mathematics. The way in which this 
has been done, appears unscientific in its princijile as well as 
unsatisfactory in its results. Two empirical coeJficieuts a and 6 
were to be obtained in a formula 

w=iae^ 6e*, 

where w is the tensile force and e the extension. 

If the furmuia were absolutely exact, and experiments could 
be made which were absolutely exact also^ two experiments would 
suffice to determine a and 6. But, because that accuracy is praC'- 
ticnlly unattainable, it was of course the case that any pair of 
experiments would give values of a and b differing from those of 
atNitlier pair of experiments: we have a remarkable instance of this 
at page i8, where it is stated that by one pair of experiments, the 
value of b obtained was 177'i90"03, and by another pair, the value 
of 6 was2211G:i^l7, 

Now, in selecting the pairs of experiments for this computation, 
no sort of system or scientific method appears to have been 
adopted — the selection wns miide entirely at rsindom. ThiiJ process 
mii/ht have produced sjit is factory resuHsi, but the chances were 
immeaKurahly against its success. At all events, the accuracy of 
the final forumla snj obtni ned c^ould not but rest on a much lower 
kind of evidence than tliat in favour of a formuta formed in accor- 
dance with the mathematical laws ^^iu that case made and pro- 
vided,'' 

The mathematical laws of combination of observations are 
de^nite and exact. Practical astronomy is almost made up of 
such combinations, in which several results are to be represented 
by a formula which shall give the closest possible approximations. 
The importance of the subject in physicj*! science long tigo led 
mathematicians to perceive that they mu&t combine their results by 
fixed principles, and not by taking averages indiscriiuinately. 
Gauss, the author of the Theorin CombitiathnU Otnienyatiaiinmy 
proposed the celebrated rule of Least Si^uares, which has been 
independently discussed by Legendre, Laplace, Foisson, Ivory, and 
others. 

To tht kindness of Mr. Adams, Fellow of St. John's College, 
Cam bridge, we have been privately indebted for copious examples 
of the application of the method to the case before us*; be has also 
pointed out a very simple method of extending the furmuln, to 
include the cube of the extension. The agreement of the theo- 
retical and computed results then becomes extremely close and 
accurate: when two term^^ only are taken by the method referred 
to^ though the formula is considerably improved, it still fjills short 
of the required degree of accuracy. This systematic method of 
computation has the advantages not only of superior accuracy but 
of superior facility — the labour which it involves is far less than 
that rcfiuired by taking averages without regularity of order, 

VV^e may quote tlie same high authority for the opinion that the 
experiments on <^'o«pres.siox, given iu the Report, cannot be 
represented acwirately by a formuhv involving even the third 
power, still less by one extended only to the second power. A 
very careful consideration has led us to the conviction that the 
irregularities arise in the ejriiermmitu tkeniseirejt^ and that 
the errors of obi^ervatiou are probably much greater than in the 
ex 1 1 eri me n t s o n tftu hn . 

The experiments on compression were made in this way: — a bar, 
10 feet long by 1 inch square, was inclosed in a strong iron frame^ 
open at both ends, to permit the free compression of the bar lon- 
gitudinally, but to prevent, as far as possible, its lateral ilcxure. 
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The fram^ was made in two parRllel piece*^ which were screwed 
to^'etlier, nnd tliug adjusted, as nearly »8 possible, to the size of llie 
bar; »o tUiit it **had thepower of Wins moved hr the h»nd, but 
n*> power of devjnlion from the riffht line of its position." la 
other words, there wan a ^»od lit^ hut not a tight one* 

Unfortunntelyt however, thoujjh the hnrs were intendetl to have 
no power of devintioit fn»m the rig^ht line, they as?sumed it for 
them!%elve9* Whether tliat the frame waa not screwed up »ufli» 
ciently at fir«t, or thnt it wt\a not «tron|r cnoiig'h, or that the 
ti'rew4 yielded, certain it is, that this bendin^^ of the bars, which 
ft was all-important to avoid^ acttially took place. At page 6i we 
find the following:^ — 

"Jtemark. — The grCJit difficulty of ohtiining icciintply the dccrementi tTid 
•ftf from the fimull wfigliti in the commcn<*em«nt af the experimentii ren« 
dered tho»e decrementi and lel*, pftrliciiUrly ibe litter^ very inomalotn ; it 
wai foutid, too, that tome of the bin which hftd Heen fitrained by Ifi or IB 
font had hecoine very perceptibly ondnlated. It ha* not been thought pru- 
denti therefore, to draw any conclusion* from hart which have been loadrd 
with more thin N to 16 torn ^ and it may be mentioned that the resulti 
from 2 to U ions are thoia only which ought to be uied in teeking for 
general conctu«ions.'^ 

Now, if the bar ^*cm/ p^'cfptibly undulated** in some casea^ it 
is re?»sonnble to suppose that it undulated in leas degree in others, 
A flexure quite inapprecialde by the naked eye would altogether 
vitiate any inferences* from the experiments* as to the law of elas- 
ticity. The contraction of the rod after it has been bent,«l8 no 
Ioniser measured solely by couipresi^ion in the directiori of ita 
Jeog^th, hut partially by the diminution of the chords of certain 
curves — the curves of flexure. And it is to be reniEirkod, thai 
the diminution of these chorda affect* more especially those 
very terms in the formula which are principally sotigbt for — the 
ternts after the first, i* hirh express the defect of ehisticity. 

Moreover, leavin|r the geometrical consideration, in n mechanicnl 
point of view the cane iirpAenta great difficulties. The external 
compre^ing force is no longer resisted by dirert compresi* ion alone, 
but by compres!*ion and trims verse prenj^nre cnmp<iuiided. Again, 
if the bar closely fitted the interior of the fntme originally, it 
nmst hsive bulged the sides of the frame when it got bent. Coo- 
aequently, at thoae points where the bnr mo»t devinted from the 
ri^ht line, it muKt have pressed stmnf^ly agMinnt the frame. 

Now, the effects of the pressure in question may he illustrated 
as followisi^Let a thin, flat rod of wood, whalebone, *»r steel, be 
placed on a table, and abut nt its two ends agitiust fixed points, so 
ai to curve slightly upward« froni the table. It will be seen that a 
very slight pressure on the summit of this curve will produce 
a very greatly multiplied pressure on the points of abutment; 
also the mull iplic.it ion will be neater as the rt*d is less heut. 

It is obvious from this^ that the bent cast-iron rod, by pre«isin£r 
agnintst the sides of the tnclosiog frnnie, must have derived great 
Bupjmrt to resist the exterunl force to which the experimenter 
suojected them. Obviously, Bcriuus errors would ariwe from sup- 
posing the only external forces actiug upon the bar to be those 
up id led at its ends. 

These considerations lead to the nnticipatiou that the experi- 
ments would present anomfilies: and this rertainly appears to be 
the case. Without minute reference to the actual liffurea of the 
tables, the whole of the anomalies could uot he specified: their 
geaeral nature may, however, he briefly indicated. 

Ist. The ratio of the comjiressiug weight to the compression 
(^ in the tables), instead of regularly decreaaing in each «et of 
e:«pertments, alternately increases and decreafles in an irregular 
manner. There are four kinds of ircm — ^Liiw Moor, Blaenavon, 
Ciartshcrrie, and a mixture of Leeswood and Glcn^^rirnonk — for 
which the ratio is given (pp* 65 and 6(J), The first three sets of 
experiments consist of thirteen results each, and the last set of 
twelve results. Let us suppose the results numbered in their 
numerical order, 1, ^, 3, &'c., and Jet + or — indicate that the 
ratio for one result is gre?tter or less, respectively, than that \vliich 
follows it. Then, for the results on each iroii^ the fluctuation of 
the ratio will be expressed as follows ; 

I. 2. 3. 4, ft. «. 7. e. 9. 10. lU 12. 

l.tm Moor — + — — + + ^ — ^ + + + 

Bbt^nuron ..,,.....*.,.. + - + + - + + + + - + + 

Onrtiherri* ,. 4- + -- + -¥ + + ■¥ — + + + 

J>t«woori Ac nteik^raock , + + — 4- — — + + 4--»'-*' 

The pluB sign occurs 34 time«, and the minus sign 13 timei*, in the 
above synopsis; consequently, as the phis sign indicates a descend- 
ing ratio, the number of ascending ratios is more than one-third 
the number of descend iug ratioe. Now, in the formula of the 
Report, It is assuuied that the ratio constantly descends; accord- 



ingly, the abnormal are more than one-third of the normal resultft. 
It may be shown^ by simple analytical reasouing, that if the for- 
mula include only two terms, the ratio of the weight to the com- 
pressiou must be either always ascending or always descending; that 
if the formula extend to three terms the ratio mav he ascefidiiig to a 
certain point, and then descending, or conversely; and that if the 
ratio be ascending and descending several times aiternateir, there 
must be more terms in the formula. 

^nd. The experiments for different sorts of caat-ifon indicate 
widely-different physical properties in them. The ratio of the 
weight to the compression differs greatly for corresponding expe- 
riments in the four different s^iirts of iron; and not only is the ratio 
different ahsolutcly, hut its fluctuations are different also. This 
is shown in the foregoing synopsis, nnd a remarkable instanre 
occurs in the tables on the two' l.iAt kinds of iron, of whicli the first 
is represented ng much less easily compressible than the latter r,t 
the beginning of the two sets of experiments, and more easily com- 
pressible at the end of those experiments. This may be possible. 
but it is not probable. At all events it renders invalid all gener^il 
inferences taken from collecting (as at page 67) the nieaiii^ of the 
results for materials exhibiting such different propertiea; juat for 
the reason that it vvould he improper tti collect in one table the 
experiments on marlde and ivory, and deduce a single formula for 
the elasticity of both. But this ts precisely the way in which the 
formula for compression of cast-iron has been obtained. 

It is to he observed, however, that in the table in which the 
mean res»ilts of compression of aiifimr sorts of iron are given, the 
ratio of the weight to the compression is generally a descending 
one. This circumstance removes the impossibility of exi>res5=ing 
the elasticity by a formula of two terms. It is barely possinle also, 
that in thus collecting the means, the errors of the original ex- 
periments might destroy eacli other. But when the errors inse- 
parable from the methods of those experiments, and the discre- 
pancies among them, are considered, such a compensation appear* 
extremely improbable. 

The formula is obtained only from the mean results of all the 
irons — no formulro are given for each iron separately* The fore- 
going considerations explain this circumstance. In the experiments 
ufienMtoH^ however, where the results are much more trustworthy, 
and the ratio is a de*'cen4hig cm^ in et^ery roxc with a singfe ext^ption — 
formuire are given for each iron. The omission of fornuilip for 
each iron compressed cannot, therefore, be considered accidental: 
if attempts to supply such form u lie have been made and omitted 
from the Report as unsuccessful, the failure must lie attributed 
to the analytical principles which we have above enunciated. 

Doubtless, experiments on compression of long bars present 
great difficulties; but we can conceive of no method of insuring 
their accuracy while the inclosing frame is retained. The fact of 
such a frame being required manifests that the experiments arc not 
what they profess to be — experiments on direct compressioQ — but 
experiments on compression and flexure combined. 

If the subject be taken up anew, some means must be devised of 
compressing the bars without the cliauce of lateral support inter- 
fering with the accuracy of the results. But to compress the bars 
in this way, they must have such a section^the cruciform, for 
instance — as of itself has great power to resist flexure. If the 
cc impressing force be applied by a lever, the angle through which 
it moves in the course of the cimipression might be read off by the 
micros<:ope. W'e offer these suggestions by no means confidently, 
but in the hope that they may stimulate endeavours to solve a most 
important practical problem. 

In the cise of tension, the experiments seem comparatively free 
from difficulty. It might perhaps have been worth while to have 
given a correction for the effect of the weight uf the rods them* 
selves, and the couplings, which were heavv masses of metal: and 
this correction might have been applied without much difficulty, 
lu other respects, the results of experiments on tension appear 
exempt from general causes of error. 

We have somewhat minutely examined the suliject, because of 
its great practical importance, and because we have qtieationed 
the validity of the formula& for compression and extension pro- 
posed as the basis of theory of ginlers. But as these formulae are 
given on the authority of «n able experimenter, who has the 
highest claims to respect, we shall be glad to find that the views 
here expressed have been reviewed, and if need be, revised, bj 
investigators of high aeientiflc repute. 
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ILUUfAV CARRIAGE AND WAGON SPRINGS. 
{With Engramng§^ Plate IV.) 

Otk RaUmap Carriage and Wagim SprinjfM, By Mr. J. W. Adams. 
— (Paper reaj at tbe Injstitution of Mechanical Engineers.) 

Ti.t '.iij^t of this paper is to di*cus« and analys© the vjirious 
: ' de*cripti«ns of spriniR^ now in use in Ruilway Carria^eis 

nnn; pointing out, to the best uf the irriter's knowlea|i^e 
Rperiencc, their advantJij^es and defects, and aujarijestin^ such 
lements in the details a8 wiJl lead to better ed'ect and eco- 
f in their use and manufacture. 
_ Bcig and bearing sprinjfs are applied to carriageij and wagons 
t order to ab^^rb and neutralise as far aw jiossible the force and 
aentumuf the »h<icks to which the vehicles are exposed in their 
work. A perfect bearing or bixfHn^ spring would be that 
would absorb the entire power and npact* of the blow with- 
turbiiig the inertia of the vehicle. This in practice is 
iinpo«aible, from the varying Ioad» on hearinjtir curings and 
; fare* on buffing jsprings. In bearing Aprings the ae;tre*t 
ch to perfection ia tn the modern firBt-cljissi carriage, where 
spniportion of total weight between loaded and unloaded is 
» than in any other vehicle. 

At the present time, as far as the writer is aware, there is no 

1 rule or formula by which engineeria or manuructurers can ascertain 

I the true form, weiglit, or quality of mateniJ to be used for effec- 

* ttially springing a railway vehicle, and con^eciuently the goods and 

Hiiner^il traific of the country, averaging from 35 to +0 cwt. per 

spring, i» now carried on springs which vary in weight from 35 to 

110 lb. each. 

The primary object being in all caslpB to discriminate between 
pKtd and bad material, the writer has endeavoured to test the 
nLfttive quality of spring frteel converted from Swedish and from 
£agliidi iron. For thiiii purpose bars of ordinary Bpring steel were 
proeiu^d from various nuikers, some being English and the otherii 
Sirrdish ; the bars were all 3 inches wide and ^-inch thick. These 
bars were cut to equid lengths^ marked^ and then made into springs 
and tempered in the ordinary manner; each of the springs con- 
sisting of a dingle plate turned over into an eye at each end, and 
in inches long between tlie centres of the eyes. These snrings 
were then pruved in the presence of Mr, ^^^, P. Marshall, by 
means of pressure applied at the centre of each spring, the ijipring 
Veiiig supported by a pin p;^ssed through the eye at each end, 
whtcli rented on rollers to allow the ends to be drawn together 
freely when the spring deflected. The results were as follows — 
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rnn the foregoinfi: experiments it appears thai the elasticity 
U9taining power, and toughness of the Engliwh steel was ajuch 
Teat«r than that manufactured from the Swedish iron. 

The Lnminated Spring is the most common form for the springs 
railway vehicles, contsisting of a number of plates, the tajier 

ing given by reducing the plates successively in length. 

The principle for regulating the taper 4if the t^pring is to obt:iin 
n equal amount o( strain or dertection from earh particle of ina- 

rial. If some piirts of the (Spring are deflected less than others, 

B amount of niuteriril might be reduced in those parts without 

pairing the sustnining power of the spring. 

A laminated spring ma\' be tapered either in breadth or thick- 
less, hut if parallel in thirkneHs and all the plates the same length, 

ch ph**te should he unifonnly tapered in breadth, bo that each 
kalf of every plate wcmld be a triangle. In practice the plateii of 

minated springs are made pur^diel in breadtli and thickness, ina^- 
,ucli aa the parallel bar U the moi^t economical form, and the 



taper is obtained, as before expressed, by tbe different lengths of 
plates. 

If a spring consisted of only one plate, parallel in breadth but 
tapered in thickness, such taper should be in the form of a para- 
bma, as the Btrength is in proportion to the square of the thick- 
ness. This form is shown in fig. % PlHte IV, by the part AA, 

Fig. 1 represents one-half of an ordinary wagt>n bearing spring. 
Fig. 2 b the same spring pressed flat, but supposing the plates not 
to slide over one another. 

If the spring consisted of a number of very thin parallel plates, 
the correct form would be a uniform taper in thickness from the 
centre towards the ends, as shown by the portion BB in fig. 2, 
because the strength of each part of the spring would depend upon 
the number of pbttes at that part. In practice the most correct 
form of spring is between the two forms of the triangle and the 
parabola, but is nearer the triangle, as the thickness of the plates 
bears only a small proportion to the average length. 

The «i)ring shown in lig. 1 is 3 ft. 3 in. long, 3 in. wide, and 
ij-^ inches thick in the centre, and consists of 15 plates ^inch 
thick, excepting only the outside plates, which are |-indi, according 
to the usual practice, to allow for the plate not being supported by 
plates on both sides. 

If this spring were a single plate of the same total strength it 
would be only 1^ inch thick at the centre, and in the form of the 
parabola A A in hf^. 2; but as it consists of a number of plates, the 
outline must be a line beyond that curve. 

The straight line BB in fig. 2 h drawn outside the curve, giving 
a uniform taper fr<im the centre of the spring to the end of the 
!»econd plate, leaving the top plate its full thickness to the end. 
This line BB aj^pears suitable to be adapted for the practical nut- 
line of the spring, as the deviation from correctness is only very 
small and gives a slijjht diminution in strength at the quarter 
length D, which is advisable in practice, because the centre C is 
uanaliy weakened by a g-inch rivet hole, reducing the strength one- 
eighth at that point. 

The line BB ia transferred from fig, 9 to the curved spring in 
fig. I by dividing the length of the top phite into 16 equal parts by 
the lines from I to 1€, which are drawn vertic^d in fig. 2, and 
radiating to the centre of the curve of the spring in fig. 1. These 
lines being made of equal length in both cases give the curved line 
BB in fig. I* The end of the top plate is lengthened and turned 
down at E to give a bearing to the sprinc-. 

The writer has in practice set out all springs required by him, 
by drawing tli rough the extreme points C aud E a circular iirc of 
the same radius as the top plate of the spring. The line obtained 
by this method is a singular instance of how near practice hsa 
approached theory by this simple method, the extreme ditference 
being only A- inch. 

The linelni is obtained in the same manner as before described, 
excepting that the spring is not tapered t(^ the centre, but to a set- 
off of 2 inches from the centre, viz., from C to H. This is the form 
universally adopted, but it is clearly incorrect, as the centre is 
made proportionately weaker than the remainder of the spring, as 
well as being further weakened by the rivet hole through the 
centre. 

The true and correct form of spring w^mld be, that the centre of 
the spring should he at II, and the platen connected not by a rivet 
but with a narrow hoop. In pnictice the spring is clipped to and 
bears on the axle-box at H, and consequently the mass of steel II 
to V is entirely wasted. 

In two plates of steel of the same length and breadth but of 
different thickness, the amount of deliection caused by the same 
weights is in proportion to the cube of the thickness, although the 
breaking strength is in proportion to the square of the thickness; 
consetjuently if one spring were ninde with platea double the thick- 
ness of those of another spring, the first would require only 
one-eighth the number of plates, viz., one-eighth the weight of 
inHterial to support the load with the same amount of deliection ; 
but in that case the extent of the displacement of the purlicles of 
the steel in the thick plates would be dtnible of that in the thin 
plates, and in the practical application of thick plates to springs it 
in necessary to limit the deflection within the above extent, as the 
dou*ble amount of deflection would break or strain the particles, 
presuming that in the thin plates the particles were being strained 
to a reasonable extent. 

The Wugoji Benrimj Spring in ordinary use on the Midland, 
London and North Western, and other railways is shown in fig. I, 
and i-i 3 ft. 3 in. long, 64 in. camber, ifj} in. thick, and 3 in. wide, 
consisting of 15 plates of which 2 are |-inch and th rest -^inch 
thick, and the spring averages in weight about 93 lb. 
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Thia spring in used to Buatain loads not exceeding 6 tons on the 
four sprmifsj exclusiire of the wn^ron body ; the wagon hody weighs 
barely 9 tons, making the total load athout 8 tonn, or S tOQ« per 
sjiring. 

By actual experiments thU spring deflects with 

1 ton 2 tons ..,...,„ 3 tons 

J-inch 2 inches *., 3^ inches 

and will prove Hat without setting or hreaking. It itj to be noted 
that in originally proving this spring flat it had set abont |-inch, 
but that with the same extent of |iroof it will not again perma- 
nently set, having thii» property in common with other materiali. 
This spring would well sustain a load of 3 tons in actual work, as 
the concussions received upon the rails would probahly not at any 
time increase the deflection 4-inch, consequently the luud of 2 tons 
19 being sustained on a spring far too rigid, to tiie detriment of the 
road and the wagon, and the original firs^t cout is consiilerably 
more than it need have heen» Formerly, various plana were 
adopted to leesen the friction at the ends of the springs by the use 
of roUera, but these pinna are now obnolete, the amount of friction 
not being fuund practically detrimentah The poinU of the plates 
of laminated springs were formerly tapered in thicknes*?, but now 
the usual plan is to form the taper in the breadth by cutting the 
plates at the ends in a triangulnr form. This metliod is found 
much more certain in its effect, is neater in appearance, and 
cheaper in manufacture. The cutting is generally performed 
either with the ahejtring machine or between dies in a punching 
machine, the scraps being used in the nielting*pot for cast -steel. 

Fig. 3 represents the Wagon Bmring Spring^ or mure correctly 
speaking, prop^ in ertensive use on the North Branch of the Limdrui 
and North -Western, the South Staffordshire, Caledonian, and oiher 
Railways, which mny well be designated by the term r/imp. 

Thia spring is 2 ft. 5 in. long, 4 in. wide, 2 in. thick, camber I in. 
consisting of 4 plates 4-in. thick, and weighs about ^10 Ih. Actual 
experiment furnishes the following deflections — 

1 ton 2 torn 3 tons 

f-inch ., |-inch ......... Ij inch 

The cause of the immense sustaining power of this spring has been 
explained before in the observations on thick and thin plates. 

The writer has .'tlready endeavoured to explain that the ordinary 
snring (fig. 1) is too rigid; what therefore must be the wear and 
tear of rails, wheel tyre«, vibration to the axles, and general wear 
and tear to the wagon and load caused by this rigid spring? Com- 
pared with fig. I, this spring aifords less relief in tlie proportion of 
r; to 16, and is the furthest removed from the object required to 
be attained. 

The Wagon Bearing .S/>rtw^ in extensive use on the Midlands 
Great Vrestcrn, and other IriHh Railways, and on the London «iid 
North Western Railway, is tlie ordinary spring as in fig. 1, but 
with eyes rolled at the ends and hung on scroll-iron'^. The advan- 
tages of this form of spring are the great space parsed through and 
quickness of adaptation to the inequalilies of the road^ in conae- 
quencaof the deflection of the end sbackle?* caused by the deflection 
of the spring, and consequent elongation between tho centres of 
eves of shackles; also the rubbing friction at ends is almost entirely 
obviated. The disadvantages are, first, that to carry a given load 
a much greater quantity of material is reciuired, as from the 
drcumstance of a ^reat portion of the space between the sole-bar 
and the axle-box being taken up by the scroll-irons and shackles, 
the radius of the curve of the spring is much reduceij, and a 
thicker spring con8e<picntly required. Secondly, the tension on 
the &oie-bars tending to hog the wagon frame, being the reverse of 
the action of the ordinary spring. Thirdly, in consequence of the 
great space passed through by the deflection of this spring, the 
variations of the load will considerably vary the height of the 
bulTerB from the rails. 



Fig* 4 represents the now universal Carriage Bearing Sfning 
originally introduced by Mr. Wharton on the London and North- 
western Railway, as the result of repeated practical trials and im- 
provements: theory would probably have never attained a similar 
result. This spring is 5 ft. 3 in. long, 3 in. wide, 2f| in. thick, 
and consists or 9 plates t^- In, thick; the ends of the plates are 
what is technically lermed long spear- pointed. Fig. 4 represents 
the spring when loaded, and the peculiar camber before lixing ig 
made by setting the plates entirely at the centre, instead of the 
plates being set into a curve throughout their vvhole length as in 
other springs. In fixing this spring the tension-brace is adjusted 
between scroll-irons, with intervening com[iensating shacklei^. 
The tensiou-brace is 3 Id. by J- in. and thickened at the ends to 



5-in, The spring is then compressed between the a.xle-box and lb« 
brace. The action of tJie spring and brace is that of a lever sprin^^ 
combined with a tension-brace, but the spring is so thoroughl/ 
overpowered by the leverage of the brace and the weight of tJii 
load, as to have little or no power of reaction or displacing the 
inertia of the load, berond that of recovering its original poiRtttoa; 
thus a£brding the well-known smoothness and steadine^ of actioa 
of this construction of carriage spring. Tho brace is acted upoa 
principally at the point A, but nevertheless when the blow fnim 
the road strikes the point B, and the spring and brace straighten 
at that point, the curving and stratghteuing of the brace at A t^ 
compensated by the straigtening and lengthening at C, the amount 
of tension at 1> being thus at all times about the same. The teo- 
sioii brace steadies and counteracts the power of the spring, and 
the spring partly relieves the brace by sustaining it at A, 

This comliination also affords the means of firmly attaching the 
axle-box to the spring and brace, and thus holding it independent 
of the axle-guards, which in this case are wholly ^usr^, maigmdtB^ 
the guards neither touching the axle-box on the edge or sidf. 
Thus the efl^ects of the inequalities of the road, laterally and hon- 
Kontally, are only transmitted to the body through the elastic 
medium of the spring. 

Springs of the same construction, but shorter and lighter, ate 
now generally^used for Iiorse-boxes, carriage-true k«i, and break*vanf 

Buchanan a Bearing Spring consists of four Hat horixontal plat«t 
4 ft. long, 4 in. wide, and tapered in thickness fVom ^-in. at tho 
centre to ^-in. at the ends, and fastened in the centre and 
impinging at the ends only. See fig. 5. 

It does not seem to poRcss any advantage over the ordinary 
laminated spring, excepting that the friction between the plates h 
entirely avoided except at the ends; but at the same time it muH 
be borne in mind that in ordinary laminated springs the steel is 
rolled concave, therefore the jdates bear at the edges only, which 
very considerably reduces the friction. 

The disadvantages of thia spring appear to be, firstly, that the 
extreme points oi support are when the spring is weighted coa- 
siderably below the centre bearing, necessitating the use of deep 
scroU-irons in carriages and bearing-blocks in wagons. 

Secondly, the manufacture is costly and uncertain, from the fact 
of the plates being tapered in thicknes-^, and the dilHcuIty of 
hardening and tempering platen that taper in thickness. 

Thirdly, when tixed with scroll-irons the sustaining power ii 
partly derived from its effect as a tension brace. 

Afiiinis'a BQw-Spring, of the size used for passenger vehidei^ it 
6 ft. long from centre to centre of spring eyes, and the versed siae 
about ii in. when weighted; the plates are 9 in* broad in cenui> 
and tapered in width to 5 in. at the eyes, and the thickoe^ i^ 
^ -inch. 

The advantages of this spring are, firstly, it holds the axic-boxft 
without the intervention of the guards in the same manner aa prf> 
viousjy descrihed with refereiice to the carriage bearing spnn;.*. 
Secondly, that the top links permit the wiieels, axlei% and axle- 
boxes to traverse laterally in passing curves and other impedimentt:. 
Thirdly, that the quick adaptation of this spring to lateral and 
perp^?ndii■ular blows preserves the inertia of tho body almost wholly 
from displacement at moderate speeds. 

The disadvantages are, that at high speeds and on a bad road 
the reaction of this spring is so great as to cause a rebound, aa<l 
the gradurdly increaising momentum from each successive blow 
occasions very considerable oscillation. 

This property has completely negatived its use for 4-wKeeIed 
carriages; but it is now used successfully under the ^wheeled 
carriages on the North W'oolwicli branch, and there works to con- 
siderable advantage, permitting the wheels to adapt themselves 
freely to the curves of the roud. The oscillation is there almofet 
obviated, from the fact that the blows are received upon eight 
points, and that the reactive power of a blow on one of the eight 
points is not suflicient to disturb the inertia of tbe load. Tim 
spring has been and is now used to a very considerable extent on 
6-wheeled carriages in Germany; but it is to be observed that the 
speed on the Continent is generally slower than in England. 

A Sinrul Bearing Spring is represented in fig. 0, Plate IV. Tlw 
dimensions of these springs as used under the tenders of the Mid 
land H^iihvay were 9 in. height and ti in, diameter, and they wera 
made of |-in. round steel. Within this coil was fixed a ^eoond 
spiral of smaller diameter, coiled the reverse way to prevent I _ 
coils interfering. The action of a spiral spring is principaJlf' 
torsion of the steel bar through the angle A C B, and partly lateru 
defection from the increase of diameter wbea the spring \h cam 
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PrACticaUy the writer is not well acquainted with tlie use 

spriniTR* but presumei^ that the following oliiectioos have 

»un<i in practice: the spriupr bears upon the ftole-bar at one 

I vis. over the centre of the axle-box, intend of at two points 

3 ft. apart. There is a much greater uncertainty in the 

r of eiastteitv and supporting power than in Aat springs com- 

of many plates*, partly from the creater thickness of steel 

aiHtn|r uncertainty in the tempering, and from the greater angular 

he piirticles of the steel; the sudden blows experienced 

aiipnngB rei)uiring the thickness of the steel to he within 

iceri-iuj iimit, say of 8-in. or 4-i*i» 

Bt^^ nnd Draw Springs. — The ordinsrj" Laminated Buffer and 
Draw Spring is 5 ft. 4j-in. loTig, 6j^ in. thick, and 3 in. broad, 
oooaisttng of 17 plates, the outside plnte* %-\iu thick and the re- 
|er 'A'in.; the cumber when at rest being 13 in. The same 
nles of construction ^pply to thi8 spring as to the laminated 
spring in fig, 1, These springs are generally fixed in the 
Tof the carriage^ sliding between four bars of iron, ordinarily 
' the ** buffer spring cradle." The ends are acted upon by 
► four buffer rods, and the draw bar is cot te red to the centre of 
s spring. The same method?* have been tried to obv late friction 
) ends as have been already mentioned with respect to bearing 
inga, hut these plans are now obsolete In fixing the springs on 
itges they arc generally compressed one inch, and in wagons 
' extent of about one-third of the stroke. The stroke of the 
buffer rod is limited to such an extent as will not deflect the spring 
beyond a straight line. The sustaining po^ver of this spring is 
equal to about 2 t4)ns 14 c^t., or equal in all including both end» 
or carriage to about Sj tons^ developed through a stroke of ^ ft. 
Ai yet this method of hufBng has not been Frirpasited or equalled, 
Maone of the modern substitutes will give tliia moderate amount 
^i ,^^;.i ir^tr power developed through ^q great a spac^ as 2 ft.; also 
t of the buffer springs being in the centre of the carriage, 
_„ . ij rings acted upon by long buffer rods, cause the action to 

be rery steady. 

The Double Draw Spring/^ with a check bar to limit the action 
viibin the straining point, make probably the only truly effective 
method yet adopted. It is to be observed that tfje springs when 
dmwn home are limited in their action by the check bar A A, thus 
fonniog II continuous rigtd draw bar (see iig. 7, Plate IV), The 
i^prinifji* are each 2 ft. long, 3/j in. thick^ and 3 In. wide, consisting 
of 11 plates, of which 9 are |-in. thick and the remainder ^inch; 
the camber is 3 J in. before fixings the springs are each compressed 
i'in. in fixing. The method of fixing is the same as already 
described for the laminated buffer spring. 

Estemnl Buffers. ^\'ilI^in the last few years a consideralde 

T i ^l>er of external buffers have been introduced, consisting of a 

ruler and nii^t^m packed with nearly every available elastic 

»4i>9laiiGe, Aua practically varying only in the material of the 

packing. 

D$ Bergnes Buffer Spring is packed with rings of vulcanised 
ia4iii^rubber; there ai*e 4 ring« 5i in. diameter, and 1 1 in. thick- 
luvi each. 

In the opinion of the writer this is the least effective of any yet 
produced^ at the stroke is very short, and then only moderately 
dpvrloped under enormous pressure. It is questionable whether in 
the event of a colli?iion, the train would not collapue and leave the 
nUii^ bef<»re the immense sustaining power of these springs was 
fully developed. This buffer has an apparent stroke of about 
3 in.; but it appears that to drive up the pair of buffers 14 in. 
<fould require a force of 3 tons. By reference to the descriptiim of 
lli0 urdinnry laminated spring it will be observed that the stroke is 
12 in, with a force of 2| tons; being B times the length of stroke, 
nith a rather less force. It is also ijuesiionahle whether the vuU 
cani^ed india-rubber is of th.^t imperishable nature originally 
kiniiio^pih The writer has had in his possession a considerable 
of vulcanised elastic bands for papers, that have become 
' iy rotten, 
7\»dtfit Cork Bfffer is as nearly as possible the same as De Ber- 
gxie'p, excepting that the packing is cork; there are 5 plates of 
fork 7} in, diameter and J-in. thick each. This spring appears to 
He nuperior to De Bergue s inasmuch as the cork is more compres- 
tible than the vulcanised india-rubber, but it is questionable 
H helher the cork is not liable to a permanent set. 

Adamn'n Dm' Buffer has the packing, consisting of 16 disc springs, 
made from flat circular plates of steel 8 in, diameter and J4n. 
thick, with ft radiating piece A A, cut out to enable the plates to be 
pres6e<l to a conical form (see fig. H, Plate IV.) This buffer spring 
i» superior t© the foregoing inasmuch as the total amount of stroke 




it wholly de\'eloped, and the power can be properly adjusted by the 
thickness of the plates; the total length ot stroke is bi in. 

IVebntern Air Buffer exhibits considerable ingenuity, but is more 
complicated than the other plans. The air piston is 6 in. diameter, 
and the leather packing is distended by a vulcanised india-rubber 
ring; the length of stroke is 4 in. In the event of leakage during 
the stroke, the piston would not return to its original position, and 
to effect this a small spiral spring is employed which drives back 
the piston, A small valve adniiu air at ttie time that the piston is 
recovering its position to compensate for leakage during the stroke. 

Spiral Buffer and Draw Springs arc used to some extent, but 
they are liable to the same objections already described with refer- 
ence to the spiral bearing springs. 

Brown M Conkul Spiral Spring Baffer appears to he the least 
objectionable of these (see the annexed woodcut). The resisting 
power is that of a spiral spring 

made in the form of a cone 7j ^^ 

in. diameter at the base, and ; 

the spring has the advnntairc r 

of rotating at the point of the ^~~"'-^__ 
cone, thereby considerably eas- 
ing the tendency to fracture or 
strain the particles of the steel; 
the steel is I in. wide and J-in, 
thick at the base of the conical 
spiral, and is tapered fur the 
last three coils to 4-in. diameter 
at the point of tlie cone. When 
driven home the spring forms a 
complete flat volute. The sua- 
taining power of the spring is 
about equal for the space passed 
through to that of the ordinary 
laminated buffer spring, but 
with a shorter stroke, the length 
of stroke being only 3i inches, 
instead of 12 in. f'rom its compactness and comparatively mode- 
rate price, it is in the writers opinion, should the springs be found 
to stand their work, the most eligible of the external buffers; but 
yet far from equalling the result obtained by the use of the lami- 
nuted buffer spring and buffer rodi^. 

The whole of the cylinder and piston buffers are liable to the 
defect of the piston being guided through only a short length, and 
consequently they cannot work with the smoothness of the long 
buffer rod guided in several places. This more particularly applies 
in the event of an oblique blow upon the buffer. 

In conclusion, it is suggested that it would be desirable for a 
correct table to be formed of the sizes, weight, sustaining power, 
and deflection of laminated bearing and buffing springs, as a uni- 
form guide in their practical application. 

Mr. MiDitLETOt' remarked, til At the conical ipiral-tpring buffer had hciin 
mciitioned in the paper ai tbe most fttlTintageoui of the exteraal baffirra in 
respect of tlie length of itroke, but that a atill greater length of strait e wa» 
required ; sad he witbed to racntion one that he had introdaced, coasiitiDg 
of a double.coned spiril spriti^, which had the sdrantage of giviag s greater 
leciglh of itroke, and be thought would form i very lalisfictory buffer. They 
had been applied for the purpaie of mtking a long buffer of 7 feet ttrokCt 
by u^ing 6 of theie springs, 4 in the middle aud 1 at each end of I he 
buffer rod. 

Mr. Adams obtervcd, that an objection to the double-coned spring would 
be that it was not free to revolve on its axis like the single-coned spring 
whilii it was being cooipresiedf because it retted on the large base of the 
cone at each end, tad the friction would be too great to allow of its rerolv- 
ing, bat the single^coned spring had so little frictioa at tbe small end that it 
was capable of revolving when compressed. The strain on the steel was 
mach increased if a spiral spring was prevented from revolving wlien cum- 
pressed, and it was consequently more liable to break. 

Mr. FcLMca wished to alate (for Mr. De Dergue in bis absence), with 
respect to the vulcaniied india-rubber in buffer aprings, tliat upwards of 
lOO.OOO of tbe rings had been sent out, and many of ihem bad beeti in use 
for two or three years; and as far as he had iseertaioedi the cases of failure 
bad been very few indeed. In some cases where the material had been used 
f'lr bearing ipringv, it had failed in cooaequence of not having i lutticient 
amount of bearing surface, but in the application to buffer springs be was 
not aware of aay iaitance of failure eicepting in a few cases where the rings 
had been over vulcanised, • 

Mr. Aj>ams replied, that he bad not had any experience of the durability of 
tbe vulcanised india^rablier applied to buffers, and he had therefore only 
stated Ihe circumatauce be was acquainted with of the bands for papers. 
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DETERIOR-\TION OF RAILWAY AXLES. 
{Wlik Em^rarinfff, Plate IV.) 

I .*.'•«' 7V*rt^ni.*h»« o/Raiitra^tt .-l-rfe*, St. By Mr. J. E. McCon- 
NrLL.— v^**!***" ^^^^ ** ^^^ Institution uf Mechanical Engineers.) 

H.ivi\G b<^n re«)iie»te«i at the last meeting to furnish further 
prvH»t"s of the chan^ fn»m the fihrous to the crystalline character 
priHluc^ in railway axles, and feeling convinced that a strict and 
careful examination of this important suliject is a necenMty in this 
a^ce of milvray pntotioe, the inquiry has been resumed in the hope 
th:it the further information and experience gained may tend to a 
«u»re |H»rfoot knowletlgo of the suhieot. 

IWfore stating the results of the different experiments which 
have l>een made with the view of ascertaining the cause and extent 
of the change from the fibrous to the ci-^'stalline appearance in 
raiUay axle inuu it must be observed that in this, as in some other 
muttern of controversy, it is most difficult to produce full and con- 
clusive prtH»f tbi*t the iron ^*hich is produced of a crystalline cha- 
racter was once fibrous, as we cannot by any experiment show the 
change visibly laking place; but surely it is fair and reasonable to 
itduiit tho,/uiV oi a change, viben we hnd railway axles when new, 
from the pailicular nu»de k^( manufacture, present through every 
part ol' their hub^laure a tou^h, strong, fibrous appearance, yet, 
ul'tci- M»\cral \ei»r»4*UM\ we find axles of the same description, 
0Miu4 to the Various di'ioiiorating causes in action, break short 
Mt the back \*i the \»hecl, and then present an appearance totally 
diiVcicut from the oriui»u»l structure of the iron, as described above. 

\\ \\.K^ 40 happened, in strong confirmation of the views stated by 
t'lc writer »»t the former meeting, that a very remarkable instance 
ol \\\\n ctian^e wa<« brought under his notice shortly after the dis- 
lut-iion; and he thouuht the evidence which this case furnishes so 
iinii.iitiint and concluHive (although produced without any design, 
an«i \\\ the ordinary course of business), that the axle has been 
bioiiMbt lor the Inip'eclion of the present meeting. 

riioi a\le \«io« tUed in cast-inm wheels, of the pattern in use on 
mucial hiich ol ralUav, having the li-form of spoke, and, as this 
wheel ItpcitcctU rl^id, experience has proved that the axles are 
luueh more liahle to deterioratitm when working in these kind of 
wliccUthan In tho«e wheels made partly of wood or other con- 
wtnuti.oi ol wioUMbt iron, iS;c., which may have a certain amount 

The s\le now undei iMMuideration broke, in ordinary working, 
elo-e Hi the back ol the wlund, as is usually found; and the frac- 
ttticd eiol«, \\\\W\\ aie now produced to the meeting, afford the 
loo-t di.thol piool ol the annular space which was stated on the 
tvotoci \M ta>4ioo to be obieruible all round the surface of the frac- 
luic, *\\\\\ tbi« i« »nil only nhtut-grained and crystalline, but there 
U *\\^\\ «u the w I IIci'm opiuitui, an evident distinct separation to the 
e^tcot'ol the annulur n\\\w%\ which it would appear takes place 
«o«oc tune bcHue the llnal IVacture, as if each successive blow, 
he*> \ 01 llMht, b«teiHl or veitlcal, received or transmitted through 
\\w wbeeU, hnd each tended tt» destroy its proportion of cohesion 
\A the pie\UMi*l> ci>«tallliied Nubstance of the axle at that parti- 
eul'U pLce where the IVacture occurs. 

t»M leiciMun thlM axle In the workshops, with one wheel still 
aUaehed. W wh« allowed by accident to fall a short distance from 
the wauoM to the ground; and so brittle had it become next the 
wheel that the other end snapped off simply from the effect of the 
t dl and Mhow», H« will be ob-erved, a precisely similar appearance 
to iheoUrttnal hactuie, ,..,., i.. i. i. 

1 he w liter w«» anxious to ascertain how far the theory which he 
held WM eouect. that the detcriorathm of the axle was principally 
loial at that point Ithe back ol' the wheel), and for this purpose he 
e.iUNcd the eentte ol the a\le between the two fractures to be laid 
on Mippoit*. with the slew K\f breaking it. A weight of cast-iron 
weiMhiUM I' **w»- ««• «*'«*» "Mowed to fall upon it through a space 
ol \\ leet.but aller «e\eral attemnts it was found to make no 
(uipiei-lon upon thU centn* part of the axle towards effecting a 
liaetuie. although It msn a fVosty day, wliich would of course ren- 
dei the Iron more brittle, Kiiullng all efforts to break it hy blows 
llultleM^ the aOe was then, in order to test its fibrous character 
taken to the hwlraulle press, and it has been bent to the form of 
the lettei I', until the two ends met, without showing more than 
the •lU»lite-t appearance of t»u» skin of its surface breaking, as will 
he Meeii. oioUum «till to be ofn strong fibrous iron in the centre 
ol the aOe. Hee llg. I», IMate IV. . ,^ . , a 

loUowlng up hiN proposition, the writer wishes to lay consider- 
^lOe -tie- on the view he previously stated, respecting- the effect 
ol the blows or vibrating action given through the wheels to the 



axle; he attributes the ervstallisation of the axle at that point 
close behind the wheel, to the sudden stoppage or reaction of the 
vibratory wave at that place, owing to toe check which it meets 
from the mass of matter consulting of the wheel, &c^ presenting a 
break of surface, and acting more as an anvil, causing the vilmi- 
tion to react like a blow on the neck of the axle (the nearest 
weakest point), thereby destroying its fibrous character. 

Cast-iron wheels, therefore, are objectionable from their rigidity 
and non-absorption of the lateral and vertical concussion with 
other strains formerly enumerated, received in coarse of working, 
and transmitted to be wholly expended on the axle; and the writer 
endeavoured to illustrate this by a comparative experiment with 
two different axles of the same description and age, one beiuic 
fixed in cast-iron, and the other in wooden wheels, those known as 
the Pimlico make. 

Ist Experiment was made on the axle with wooden wheels placed 
horizontally resting upon the rails ; a weight of 1 7 cwt. was allowed 
to fall through a distance of 13 ft. 3 in. upon the axle, immediately 
within the wheel, by which the axle was slightly bent at the point 
where the blow came, and a portion of the tyre resting on the rail 
was broken clear out. This experiment was repeated four times 
on the other end of the axle, which was bent but very slightly, and 
the wheel was rendered completely useless. 

2nd Experiment was made upon the axle with cast-iron whecLi, 
placed as in the former case, and the same weight was allowed to 
fall the same distance at the back of the wheel, when the effect of 
the first blow was to break the axle at the other end, at the back of 
the wheel; thus proving that in the former case the axle was saved 
from fracture by the wooden wheel absorbinff its full share of the 
effect of the blow, and the tyre of the wheel breaking proved that 
in course of working it would receive a portion of the deteriorating 
forces tending to crystallise, the wheel acting like a cushion to 
soften the blows be^'ore they reached the axle; in the latter case 
the rail supporting the cast-iron wheel was fractured in three 
places. 

A 3rd Experiment was tried with another axle with cast-iron 
wheels placed as before, and received four blows on each end of the 
axle within the wheels, which caused it to bend, but produced no 
fracture. This axle had not been much used, and was of a stronger 
fibrous character. 

In order to ascertain the relative appearances of axles which had 
been in use, and determine the position of the crystalline change, 
both at the centre and outer surface of the sixle, the writer caused 
four axles which had been condemned as too small from wear in the 
bearings, to have a groove cut in two cases on each side, to within 
an inch of the centre, and in the other two, grooved through to 
within an inch of the outer surface; these were split asunder with 
wedges, and their appearances will show that a certain change has 
been ffoing on, and this is more observable in one end of the axle 
than the other, attributable, he believes, to the break being applied 
to the wheel which was on the end where the greatest crystalline 
change is visible. 

He has made a number of other experiments in the presence of 
several of the members of the Institution, with the view of deter* 
mining the effect produced on the fibre of iron by the cold ham- 
mering process. The following are the principal results: — 

No. 1. A piece of ordinary bar-iron 2^ inches wide and l4 inch 
thick, received 20 blows to nick it across, and was broken with 21 
blows of a 14 lb. hammer, showing a fracture part fibrous and part 
crystalline. 

No. 2. The same bar received 52 blows on one side, and 55 on 
the other, from the Hlb. hammer, with 20 to nick it as before, 
and it broke with 14 blows, showing different layers of fibre and 
crystal. 

No. 3. The same bar received 50 similar blows on each side a« 
No. 2, but each blow on alternate sides successively, and 90 in 
nicking, and 9 blows broke it. 

No. 4. The same bar was not cold-hammered, but received 20 
blows in nicking, and required 28 blows to break it, showing a 
good fracture. 

No. 5. Was a J-inch square bar, received 50 blows on each of two 
opposite sides, and 25 on each of the other sides, with 4 blows in 
nicking, and 5 broke it. 

No. 6. Without any cold-hammering and the same bar, after 
receiving 4 blows to nick, required 6 to oreak it. 

No. 7. The same as in the case of No. 6, had no cold-hammeringv 
with 4 blows to nick it, and required 30 blows to break; in this 
case it was broken the fiat way of the pile of the iron, but in No. 6 
it was broken the edge way of the pile. 

No. 8 Experiment was made on a shaft S§ inches diameter, 
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licit irns eold-haniinefed at one ead, having received $04 bluw^ 

ftU sides from a 3:^ tan tilt hammer; I U> blovv^ with u wled^'^e 
iMmoier were g^iveu to nick this end all round whii-h had been coid- 
hammered^ and it reijuired only 5 hluws from u 3l ton hrtinmer to 
bre)hk it* the other end which had not been cijld-hammered, after 
rvc^iviri^ the same number of blowa in nicking, required 78 blows 
under the Si ton hammer to break it, thus proving the enormou!>i 
unount of deterioration of the strength of the iron caused by the 
cvld'hammeritig process. 

No. 9. A piece of round iron ^^ iriohea diameter which had two 
l»eariji^$ turned (one fit each end) l^ inch diwineter by 21 inches 
lori^, waa allowed to rnn at a consjiderable velocity for auimt an 
boar, «rith one end oiled and the other dry, the dry end being 
cooled with water repeatedly when it hecfinte hot; the iron was 
then experimented upon in order to determine by the different 
force required to brealt the end which had been injured bv want of 
lubrication, the relative strenj^h of each heariii^r, but finch was the 
itoiarkahly tough quality of this iron, that although it received 
5^ Maws of a heavy sledge hammer in every podsihle way to hreiik 
il in one direction (without being nicked), no fracture could be 
eiicted, but the iron seemed to be drawing out at the back of the 
jotimal on end^ as will be seen by the meeting, 

Thi»4 last c^ise is noticed in partictiljir, as the following experi- 
ment of a similar character with an old axle of larger dimensions, 
ihows in strong contrast the altered nature of siuiiLir iron from use 
on a railway, owing to the jar or vibrating action it ha^i suffered. 

In the 9th experiment a piece of new iron intended for part i>f 
an ajde, although run dry and cooL'd with water, yet wassohhrous, 
having received no jar, that it resisted all effort to break it. 

No, 10. Another experiment of a similar character vvas tried on 
an old axle which had been a long time in use, of the same kind of 
iron and manufacture aa the bar in No. 9 experiment. This axle 
with the wheels on was run in its own bearings in a lathe at a vehicit y 
equaJ to 10 miles per hour for 5 hours; one journal was kept run- 
ning dry, and when heated by the friction cooled with water, while 
tlie other journal was kept well iubricated with oil. When taken 
out, the journal which had been heated wat* broken with 19 blons 
©fa hammer ^Ib. in weight, while the lubricated jiiurnal required 
^\ blows with the same hammer to break it, in both ciises without 
being nicked; this appears satisfactorily to prove the injury to tlie 
axle which results from the practice of throwing cold water on the 
journal to cool it when it has become neiirly red hot from want of 
proper lubrication. 

In addition to various other exp<?riments with the view of deter- 
mining the change which is gradually going on in railway axles, and 
other iron liable to a jarring, vibrating motion, the writer would 
refer the meeting to a few samples of broken axle» sent to him 
from various quarters, which, if proof were wanting, completely 
substantiate, in his opinion, the certainty fd* the crystalline change. 

Before reading some of the communications received from other 
gentlemen containing their experience on the subject, he wuuld 
first call attentit^n to the two experiments which were tried in rela- 
tion to the proportion and form of axle, in order to meet the objec- 
tion raised at the former meeting, " that the slow pressure on the 
lhiuche«« of the wheel to discover where the axles were most exposed 
to the beading strain was not a faithful representation of what 
takes places in practice." Tiie axle was fixed upright, so that the 
wheels were placed in «uch a position that the violent blow when 
Ibe w heels of the carriage jarred upon the rail was fairly repre- 
sented hy the bhiw caused by the descent of a weight oi U cwt, 
which was alltiwed to fall upon the edge of the wheel at A, from 
A height of 9.J feet. It is most satisfactory to find that the curve 
" io which the axle was bent, is quite in accordance with the for- 
reaults, which were obtained by shjw presyure applied at the 
B points, and establishes the rule of proportion of the axle 
therein stated. See figs. 10 and 11, Plate iV. 

The foUowing are some instances of tough fibrous wrought-iron 

I being rendered brittle and breaking off quite square with a close- 
ffrained fracture from the effect of the concussion of very small 
blows rapidly repeated for a long period; the blows being very 
imall in force compared to the strength of the intn. These speci- 
mens are from the machines for nijikiiig button shanks, in Mr. 
Beaton's Mills, Birmingham. The hammer in these machines is 
about 2^ lb. weight, and is lifted hy a rod i^-inch square, which has 
ft pull upon it of about 12 lb, from the ditference of leverage; tlie 
hammer strikes 120 blows per minute, but the cam that drives it 
acts only during one-fourth of its revolution, m that the velocity 

■mmer is equal to four times the nundier of blows, or 
H) changes of niotiotj per minute. The lifling-rods always 
ii a close-ffrained short fracture, although made of %lw 




toughest and most iibrous iron thnt can be ohta'ned, and they 
sometimes last only a few months; the rods break near to the end, 
which is fixed with a coupling, and the deterioration of the iron 
appears to be confined within a small portitm, thy iron remaining 
quite tough and fibrous within an inch of the fracture, as shown hy 
the specimen, which has been bent double at that part. The ham- 
mer is snatrht»d suddenly by the lifting-rod, ami is nulled against 
a strong spring ftir the purpose of getting a quick recoil and a 
sharp blow of the hammer, much quicker than it would fall by 
gravity. 

Another specimen from the same machines is the lever for push- 
ing off the work from the machine when stamped; the lever is 
about ^-inch square, made of the toughest wrought-iron, it is 9 
inches long, and falls back against a stop at one-third of its length 
from the centre of motion at the bottom, being thrown back 
sharply by a spring, the totJil strain upon the lever varying from 
about lib. to about 12 lit., iiccording to the accidental eireuui- 
stances in the working of the macbine. These levers !4ll break uif 
quite short and close-grained within an inch of the part that strike-i 
against the stop, but the iron continues quite fibrous and unchanged 
to within ;*n inch of the point of fracture, as shown in the speci- 
men. They were driven at the same speed as mentioned above, 
amounting to nejirly the velocity of R>00 changes of motion per 
niinnte; but they broke so frequentU\ Usjting sometimes only a lew 
weeks, that it was determined at last to reduce the speed of the 
machines from 12i) to about 100 bhiws per minute, and in conse* 
quence of this reduction in speed the levers are much less fre- 
quently broken, and last on the average about four times aa loui^ 
as belore. 

Communication from Mr. John Kekwick: — 

•*rA* Holmei, Rotherham, Uh December, 1819. 

** I have been rraiUag io the ifechanicM* Magazine for lust month ft 
report of your ahk |>op' r on railway a^lci, and 1 notice Mr. Hoti«rt Stc- 
phtffiBon KHid that Mr. McConnell bar! expressed a Btrung opniion thai a 
change tncjk pUce hum » ^^/-oia fttnicltire to a crytfaliine one during the 
iiai« uf iu beinji; ia uie. and it would be iati«/actory if an initance couUj 
be pointed out wlirire tUii chauj^e had ocoarrcd owing to vibration or other 
treuKntiit^ &Ct &t:. 

1 ihiak I can furnish an iottance in proof of ynur opinion on tbit pntnt : — 
In one of our forges we are drttly in the bnbii of using a mHi\ helve nr 
bamaier weighini; abuul 4 toni, for the purpuac o( drawing large sizes of 
Itef 1, and the shaft of thti helve is 17 inchci by 9 im-he*. Finding great 
inconffnience and dnnper from the lireakagc of cast iron hrlveSi i*e were 
induced to try a %trromf hi -iTun one 16 inches hy B jncht s Alter uiing thit 
for levcral tnnnthVf the nhafl broke iti two about the middle, and the frjtcttire 
pfciented a crystalline appearance of 'short' caat-iroo : we repaired the 
ihafl. and in the eourte of a few mnntht it again broke about the tame place, 
iind it a^ajti presented a sindUr granulated, cast iron like, crystalline appear- 
nnce ihrou^ttioui the face of the fracture-, I attributed IhLs change solel3r lo 
ilie vidraimn and jar occasioned in the pruceai of liaLumering stetrh more 
parln ularly c<rtf/-steel.*' 

Communication from Mr. Benjamin Gibbons: — 

'^Shuf Ettdlhiuip^ near Dadkt/^ Ihth January ^ 1930. 

*' When the heavy cavt-iruti helves wiire used for dravrlug out hart, anl 
the art of chilling inni was little understood, the nose or that part of the 
iron helve struck liy the caiu to lift it was protected by a wrouKht-iron pUie 
well littpd,. and this was secured hy a targe pin couater&unk into it, 4n>l 
extended through a bole ca^f thruugh the nuae of the helve, and screwed a^ 
fast ai potKilile on the upper side. The very best and moit fil^rout irott 
(iiscertaiued to t>e no hy previous breskiii^) was always selectt^d, and y^t 
when the pin hmkc by the repealed shocks it bad to sustain (ahnut 90 timei 
per niinift^), it always hruke with a large bright grain ^ wifhout the iea^l 
trace qf jilre. This waa so xt^\A^\'s the caae that I never knew a pin la^t 
for nsaiiy months. 

Another instance was In a fly*wheel where wrought-iron arras were used 
Instead of rjist iron, f«»r the purpose r>f throwing the weight to the outer 
circtiraference^ and this wheel was appHL>d to a forge- hummer engine. It 
wofked well fur a time till the artui got hioic in the cast iron rim, and thef» 
a violent shock mtas reccivH every liraje the cam struck ibe helve ; after sotuii 
time, the arriiiS h^gsn to break one after the other, and thongli the iron was 
of the toughenl description uvj^iiially^ it wdi found thai any part broken was 
of A bright ery&t(iHine gruin. 

The piiiji of tbeara for cuttiNg ibwn large c<dd ban lustain violent shocks ; 
they ^iM-rpptuaUy break wUh the same bright grain, thoti^h made of ti^e 
toUj^heat iron. Alio the iron «rms of cooimott carts always break v^ith that 
grain from the same apparent cause. , 

1 hft^e taken iron of this bright cryatalline character which I bad pre- 
viously known to he fibrous, and by drawing it down a little at a proper heat 
hive never failed to restore the fibrotts texture of the iroiu" 

The practical sugijestious denviible from the foregoing experi- 
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iiients nnd iiwjuiries, wliirh are cun5rmed by till the writer s pre- 
vious e.tperience and fnformatkia, are — 

Igt. That the ai^les of all railway engineii, car^tage^<^ and vehicle! 
libould be made of tbe best ascertained quality of iron for the 
purpose^ both tough and atrong, and of uoiform clean Bbroui 
texture. 

2od. The proportion of an axle in all nart^ to be determined 
from sound exj^^rience and CHlcuIalion; the load it hais to carry, 
the npeed at which it is run, and the dej^cription of wheel in which 
it h placed, and etrains tu which it ii* liable in working from curves 
ur tnequaiitiea of the road, or other deteriorating causes, being 
fully considered. 

3rd, That previous to any axle being allowed to run on any line, 
the maker s name should be legibly marked thereon and the date 
of mnnufacture, and also when it wjia first put to Hork. It is of 
r*iuise manifestly impracticable to record the number of mile« run; 
hut a» all railway stock in a general way is worked nearly uniform, 
the above pBrtieulars would afford the necessary data to* guide the 
opinion which may be formed of the ago beyond which Itmit the 
iron becomes comparatively unsafe. 

4th. That it be part ot the duty of the proper ofHcer to Rise 
that nil ajcles are working in good condition and receiving careful 
treatment. 

5th, The next point the writer would press is, that all in whoi»e 
power is the opportunity for reg-istering facts in connection with 
railway axlea, should by this, or some recognised scientific Insti- 
tution, be requested to note and carefully collect their informnti<»n 
on nil points, in order that a certain average result for the guidance 
}ind beneBt of all interested may be arrived at. 

«th, Tiiat attention should be given to ascertain the dencription 
and working condition of wheels which in all points caus^ the 
least deteriorating effects on the axle; and for this he proposes to 
produce Kome further experiments and itlso results from practice. 

7th. That the cpiallty of hihncHtion aiid description of bearings 
lined should also be considered; and for this he also proposes to 
^ive n paper to the Institution, with the results of experiments 
and experience. 

It is obviously of mo.^t material advantage to all who are con^ 
nee ted with or Imve the management of machinery, whether for 
railway, manufacturiug, or mining purposes, tu have their atten- 
tion directed to the phenomena bearing upon the nature, u*e, 
titability, and durability of the iron or other materifd of which 
that machinery is constructed; as it must be manifest that we 
must first tibt'ain a clear knowledge of the best quality, the best 
form, and the bi?st treatment nece*sory to sielect and prepare it for 
use, and to nreserve it from any deteriorating causes h« far as pos- 
aible, in oraer to obtain the greatest safety, efficiency, and ©ctinomy 
in warking the machinery for the purpoi-ie it is intended to effect. 

With the almve views kept jiromjuently hefiire them in all their 
inquiries in this a.^ well as in other branches of practical research 
in developing improvements of commercial ntiiity, the members 
of this Institution, from tlieir different positrons, with large and 
varied opjiortuuities, will be enabled to effect great good; they 
will assist the progress of useful mechanical inveutions, nnd entitle 
themselves to the respect and gratitude of all classes, ils being the 
means of pn»ducing and encouraging lasting and substantial ad- 
vantages to the commercial and manufacturing interests of the 
country, 

Bemariw made at the Meetinj ajter the Readm^ qffhejbregoing Paper, 

The Cb AIRMAN (Mr. McCoandl) remarked, that it w4b much to be 
regretted ihat their Prcsideat, who took a great intere*l in the aubject, was 
Aitttnt, and perlmps it would bo i^el] not ta conclude tbe iiivettigatioa tbat 
cvenirg, in ordi^r to afforr] him an opportunity of being preaent. 

Mr. CowPEtt inquiffd wiih reference to the broken nitle exhibited, 
wheiher it had been niikcd to a square thoulder ind broken to teit tbe 
qutlilj of the iron, or whellicr it had onlf been beat by pressure? 

Tbe Chairman replied, tliat tbe axle wai brc^keii at one end whikt 
running on tbe railwuyt and wai broken off ihort at ihe utber end hy 
lalUng to the ground; and then in order to see whether the cryitilksjitiaii 
was local or otherwise, it wa^ atterwardi bent iti the centre by three or fuur 
blows from a weight of IT cwr,, falling upon it, without the axle being 
nicked, and il was tbeo doubkd up by the hydraulic preiaf but it did not 
khow any appearance of breaking, 

Mr. WniGHT ohaerved, that the fracture wai tt a very deep square 
shoulder, aiul a great deal of the ippearaace round tbe fiacture ruigUt be 
the result of the »houIder. 

The CuAtKUAN replied, that thla to a certain extent might be I be caae, 
but even witliout the ihoutdtr there seemed to be %n aonuUr erystulUnc 
space going oa fonuiug. 



Mr. WALTsa WfLtuna rxpreaaed his fuU eonturr^nr^ in ihc viewt 
stated by Mr* Qibbons in bis c:omnianicaiioD, which were founded oa tcry 
hjng experience. He eould alto spaak from tbe experieace ol many fm,r% 
ibat be bad invariably foaad thai iron much oicd as axles broke in the 
m saner described by the Cbatrman. He was therefore quite ttlUfied tltit • 
change takes place in tiie itrurture of iron, and was rather surprised that i 
different opinioa was entertain''d. because he bad observed hundredi of 
instaocei where after having produced a gocul lough fioroui iron, yet tfler 
hammering it bad broken cryttalTine. fiut to show bow well il waa kott«A 
that iron was affected in structure, he would meittion that in making iron tur 
particular purposes it was desirable to have it of Tery close fi^tre, and it waa 
customary to throw the hot iron into a water bosh in the state in whi^^h it 
came from (he rolN, and that injured its fibre. Tlic object in thui dealing 
with ibe iron was lo clean it, and when next put through tbe rolls i\M 
(iSroua character was restored; hence he was of opimon that in the case 
of axles deteriorated by wear their fibrous character might be restored by 
drawing down hnt, for there was no doubt it was tba a>:iioQ of tbe wbeeb 
which tnade the thaiige. 

Mr, IIoDQK considered the subject as one of great importanae, aod »0|- 
f ' sled thai the dlscussioa should be deferred uotil after the memb«n had 
b'^ea furnished with a copy of tbe paper and the experiments, with aueb 
diagrams as were oecessary for their illustration. So imporlttnt waa the 
question which presented itself with reference to changes iu tbe stiuctare of 
iron, that it had oecupied tbe attention of Ihe American Institute for t«o 
sessions, and he thought tbat this Institution should not ailow ibe subject 
to pass without a long and carc'ful oonstderatiun, because it waa necessary to 
have regard lo the various circumstances under which the iron wia maott* 
factured, and the particular character of the iron iiielf. 

Mr. IlKNar Skcitii, in reference to hb promise at the last meeting U 
furnish aome results at the present meeting, observed ibat tbe experiments 
Oil cold-hammered iron, which were desc-ribed io Mr. McCnnuefl's paper, 
had been tried at his works, and be fully concurred in all ibat Mr. McConocli 
had said with reference to tbero. 

Mr. P. R. Jackson inquired which clats of iron the chalrmaa considered 
heat for railway axlea— malleahle iron or sleet? For his own p«.rt, when he 
required great strength he employed good ttecl, and found that answer 
ihe beat. 

The CHAiajiAK, tnreply* repeated the first practical deduction eontainad 
in bia paper — viz., *'tbtl the axles of all railway erigines, carriages, and 
vebiclet, should b^ made of tbe best ascertained quality of iron for the 
purpose, hoth tough and strong,, and of uniform clcau fibrous texture." 
That was his opinion with reference to the qiiitlity of iron to be employed ; 
and he thought the Institution would be departing from its province were it 
to consider any particular diitrict or manufacture. Tbcy were now treating 
uf tbe dtteriorafion of railway ajelej, and the question to be decided by 
proofs adduced to the members was whether they underwent such a change 
as from dhrous to rryaralZtne iron ; that question being determined, they 
might then not oidy consider the quahly of iron, hut tbe form of railway 
axlea most advantageous to be adopted. 

Mr, Honoe observed,, tbat when sieel was employed il was in order lo 
produce stifiTness and not to resist lorsinn ^ be did not think that tbe mere 
imparting of Girbon io iron would give il Ihe properties required for tbe 
preaent purpoac, 

Mr, Slatk doubted whether the term fibrous, a? applied to iron^ properly 
described the state or condition of the matenut to which it referred. He 
could understand a fibre of cotton or wool, or other tuch material, but Ki 
the case of fibroua iron, as it was termed, I hey found a aeries of small crys- 
tilt united longitudinally, giving tbe appearance of ibre ; and when that 
changed to larger cryslaU tbe peculiar cohesion teemed to be destroyed, aiitl 
the whole became a con(;tomerBte mass wiibout any appearance of tbte* 

Mr. Cowpaa said, it appeared to him that fibre in iron was composed of 
the separate particles of iron exiiltng in the puddling furnace of difTerent 
sizes, and ihat these were itfttrrwardt elongated in ihe process of forging 
and rolling, to that a ntimb<!r of long panicles were obtained lying ne«r to 
each other, though there was not perfect contact, owing to tiie interiying 
cinder. CrysUHine iron wm tlmt in which the particles assumed any other 
form than Ihe elongated form, Alt iron contained a portion of cinder or 
silicate of iron, which was more or less squeezed oui in the proeeaa of 
forginiir and rolling. 

Mr. lloDOK remarked, that in arrive at any true reaulta at io the atruc- 
ture of iron ft would he nt^iessary to call in the aid of the microacope, lo 
examine the fibrous and crysidlline structure. 

Mr. Waltrr Williams adverted to tbe welUknowo fact that the eoo- 
tinned working of machinery, euch for instance as the crank pins of enginea» 
destroyed tbe fibrous structure of the iron and maiie them cry>taliine. 

Mr. CowFRR remaiked, ihat it w&t bis opinion that iron could not beoooie 
cn'&tttllised unless it wa* hammered or so ttrained hy force as to alt«r iU 
form and produce a permanent set or change of form; he dul not think 
however that an iron rati nay axle lieeame cryKtaJltsed fruiu the action of the 
concussions of the wbeeb ; hecau<^e he did not think that the effect produced 
wai equivalent to cold- hammerings be thought a fair experiment would be to 
turn a square shoulder in the centre part of tbe broken axle which bad been 
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I Qp by prtnvrtt and then to break tt wiili a mck at the ahouM^r* 

Me i£ It broke with a (ibroaB or crystalline fraeiure^ for it wna well 

ro tbit hf nicking iron it would breftk more crv^talUne. 

Mr. HoDGB Ultittrat^d the Bohject bj reference to the effect produced 

upon ihe Journal of a picker shaft in a cotton mill, at Lowell in America* 

mUr^ in order to produce ititTnefls a tbaft of cast steel wat introduced, but 

it fr'-q^iently broke off at the jnitmal»pirticuUrlT wb«»Ti there waa a very tight 

Ht on the drum. A collar of cast-iron l| inch thick waa then ihrunk on 

the journal working in a hratt beariiig, and it then worked welL He 

wmtAj adduced thii fact to ihow that the friction cauied by high velocity 

prnducea a change in the molecular ftructure of if on. 

Mr. lloBT did not think that from the mere ippearance of the sectional 
fn.Hufe they could eiactly determine the molecular cbange. Tbey would 
rcf^llect that Mr, Stephen»on adverted to lome experiments by \f r. Brunei* 
«her« from the mode of producing the fracture the tame bar of iron gave 
wt different reiults; these experimentB were perbapi coniluctpd on too 
mtll a scale to farniih undeniable reiulta, but be thought it quite pcitible 
tbit the aame bar of iron should exhibit different reiulta when twisted 
ibwly in a rice or ttruck by a imart blow ; in the one case the fracture might 
bccryitalUne* but fibroub in the other* 

Jl Member said that he had tried an experiment with very tough charcoal 
twa; he merely attached it to the head of a tilt hammer, iibicb went ahout 
M itrokea per minute, and after a few weeka It bruke off bottle without 
i-j blow, altbongb the iron was at first as tough as it could be made; and 
ibi wa« attribttted only to the jarring. 

Mr. lIoDaM observed, that this waa quite analogous In the reialta given 
in the report of the Commi?sioneri ou the experiments with reference to the 
dnrttion of wire bridges in France, that the effect wm produced by the 
naitanl ribration or jarring between the particles of the iroti. 

Mr. William Smfth said, that be produced two speciniens of ordinary 
puddlfd-bar iron t| in. iquare, on which he bad tried the effect of hammer* 
ini; the fini piece was broken off from the bar hy 22 blows of a 14 lb. 
bAiOtDer, the bar having been tiicked, and the fracture wai very fibrout^ the 
•econd piece waa 7 in. length cut off from the aame bar next to the firit 
pipce, and be set il on an anvil and Urnck it 20 blows on the end, and it 
mi then nicked In the middle and broke off with a tingle light blow, and 
ihowed a tqitare crystalline fracture; another piece wat then broken off Ihe 
lanHi end of the bar as the first piece, to ascertain if the quality of iron in 
the bar wat the same, and it required 21 blowt to break it^ and wai timiUr 
[i in the fraeture to the fint piece. 

Mr* MfDDLicTON^ remarked, that in ttktng ofT the tyres from the driving 
whrrU nf an engine he obierved that the botti were qiiite cryatalline^ be 
wif quite satisfied there was a change. And with regard to the hammering 
Khreh took pitce on the rails, in bis opinion, it wat quite Burlcicnt to cau(»e 
ibe c'lange observed in railway axlea. 

Mr. HiATON laid, he fuHy concurred in all that had been said in favonr 

of a change being aUTected in the structure of iron, He conaidcred the 

cbanffc wat generally con^ned lo tome particular part, and the rest of the 

iron waft not injured; in hit macbiue fur flattening button shanks, which 

|t«e a blow of about 12 lb. (raentionctl in Mr. McConneirs paper)^ the 

eontiAnt action bad the effect of break img the levers, which showed a 

ery«tjiUine fracture, although within half-an-iiich from Ihe part to broken 

r the irnn continued unchanged and quite fibrous. The aame was observable 

^LIb the cross pins of corn- spindles which frequently broke in a few weeka* 

^Bvear;andhe did nut knuw which lasted the longest, steel or iron, but be 

^hbuugbt go4]d scrap irnn would last as long m a piece of steel, but it would 

^not last half the time if subjected to cold swagirtg, In the example be pro- 

^Huced of broken cross pin«, the fracture showed a vertical diviaian, became 

^^Die trrain was only at each side; but in the case of a railway oxie the fracture 

^Vatiowed a circular space in Ihe centre, because the strain was all round the 

txlc on all t id et in succession. 

Tbe further consideration of the Bubject wat then adjourned lo the next 

HoRfrttng, and the Chairman laid, he hoped the members would come forward 

^Bpith all the information I hey could collect which bore upon a question of 

^Bliich importance; and for his own part he would take every opportunity of 

^Krying further experimenti and collecting facts with reference to it. 

Coathg Shifts' Botiowt. — A patent has recently been granted to Metirs. 
A^ Yule and J. Chanter, for improvements in coating ships' bottoms with one 
i»f other of the following compositions : — First, 8 lo 10 parts of hullock-s- 
g«lli 301b. of carbonate of iron or plumbago reduced to a fine powderr and 
liDtStd toptther to form a paete, to which 4 gallons of salt water are to be 
lidded to bring the whole to a proper conelstence. [What relation is there 
fbcfween parts and pounds?]— Second, 301b. of carbonate of iron or plum- 
* _ in powder, 3 lb, of white aracnic, 2^ gallons of coal tar, naphtha, or 
(•ptrils of turpentine, and from 12 to 14 lb. of Stockholm tar.— Thirds 10 lb. 
carbonate of iron or plumbago in powder^ and 1 lb. of white arseniCt to 
Iwliicb Dosaian tallow ts added, with the assistance of beat to incorporate 
t whole* This composition is to be applied hot, and rubbed over with the 
r powder. 



DWELLINGS OF THE LABOURING CLASSES,* 

On the Dwellinge of the Lakmring Cinftites, By Henhy Roberts, 
Eetq, — (Paper rend at the Royal Institute of Britiiih Architects^ 
Earl de Grey, K.G,, Preiiident, in the Chair), 

The subject to be now gubmitted to the conmderation of the 
Institute of British Architects is one to wliich their Bpecinl atteii- 
tion has not been previouslv invited, altboiiifh it waa incidentally 
alluded to hy my friend, Xfr. Smirke, in the coune of the last 
Keesion, 

Much has lately been said and written on tbe dwellings of the 
labouring olasjies; onr illustrious patron, the Prince Consort, ha«? 
empbaticiLllv slii>wn that he feels deejply interested in this* subject, 
ana has jHitlirly armounced that **these feelings are entirely and 
warnily sharnl by her Majesty the Qneen," our moyt gr?*€iittt« 
patroness. StiJl it is probable that hot few members of the InstU 
ttite have given any special attention to those details which will be 
brou;yrlit under your nt»ti€e; and certainly a yet more limited num- 
ber ha\ e been professionally engaged in a field of labour, W'hicb 
apparently oifers little scope for acjentific skill, and but few nt- 
tractive points to an artist's eye* Such was my own case when, 
between five and six years since, I undertook the duties of Hono- 
rary Architect to the Society for Improving the Condition of tbe 
Labouring Clawse?<, to whose operations in "this department your 
attention will be hereafter invited. 

There appear to be many reasona whicb, in an especial manner, 
commend tmi* subject to the consideration of the architect, besides 
those whicb give it so strong a claim on the serious attention of 
the phiknthropist and political eccuiomist. A moment's reflection 
must show that the hi^nest achievements of architecture are ac- 
compli»^bed through tbe instrumentality of the working classes, 
whose skill and persevering industry conduce as much to the fame 
of the Architect as the steady valour of tbe soldier does to weave 
the crown of victory around the brow of his triumphant GeneraL 

We shall not enter into a leng-thened detail of the present state 
of the dwellings in which a very numerous body of the labouring 
classes are lodt^ed* Personal observations most fully confirm what 
has been stated over and over ngTiin as to the magnitude and wide 
extent of tbe wretchedness resulting from their actual condition, 
arising, as it does, from the Avant of all those arrangements which 
are calculated to promote the comfort and moral training of a well- 
ordered family, as well as the utter absence of proper ventilation, 
eflicient drainage, and a good supply of water; together with a 
system of overcrowding that would not be tolerated for tbe do- 
mestic animal in the farm-yard, the stable, or even the dog-kennel. 
One example may sufHce. About four years since, with tlie desire 
to obtain ocular demonstration as to the actual existence of such a 
state of tilings, I visited with a friend several bouses in the im- 
mediate neigbhourhood of the Model Lodging House, George- 
street, Blooniiibijry, to be hereafter described. In one of these 
houses was a room about ^2 feet bv 16 feet, the ceiling of which 
could be eaiiily touched with the nand, without any ventilatitui, 
excepting through some half-patched broken squares of glaj^w; 
here were constantly lodging from forty to sixty human beings, 
men, women, and children, besides dog« and cats. Further detail 
it is unnecessary tti describe; their very recital would disgust yoiu 

If it be said that the remarks just made can alone apply to a 
metropolitan St. Giles's, or to Saffron-hill, a reference to the valu- 
able reports of the H ea I th-of- Towns' Commission, or to the more 
recent and graphic dcs*criptions in the columns of the M&ruhtg 
Chronidt\ will abundantly f^bow that our provincial towns, our 
rural villages, and even many of the picturesque cottages which ^o 
much enliven the landscape of Great Britain, form no exception 
to the wretched condition of a large proportion of the dwellings 
tenanted by our labouring peasantry, artisans, and mechanics. In 
a provincial town, I lately entered one of three cottages ap- 
proached by a passage 2 ft. 6 in. wide, common to tbe whole of 
them; in a ground-floor room, 10 ft. 6 in* hy 8 ft. and 5 ft, 10 in. 
high, with a triangular loft in tbe sloping rm^f, were lodged a 
husband, wife, and five children. The out-buildings common to 
these cottages I forbear to describe. Yet this is an underdraw n 
picture of tbe domiciliary wretchedness which many a dwelling in 
England, with its boasted civilisation, refinement, and wealth, 
presents* Some have only one room, occupied by a great number 
of inmates; some have three or four rooms, each occupied by a 
distinct and often numerous family; in some cottages, one or more 

* ThU Paper ha« brfri prinl^d to fall In a pimphlct, lagtther with ievrml w od 
enfimrlnga Biid JUthogriphf of DweMlngrt for the itibtftiHac ClflH«f . whlcb !■ nrtll worthy 
of peruul. It li publblied at 2t. 6d.» for tbe beotlt of the Boaet)'. 
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Joilgera occupy the same apartment with the fnmily, regnrdleas of 
ug^ nnd sex. 

The prartiivtl view nf the improvement nf the dwellings «>f the 
JnhnNHit(T Hii,^sp« whirh it is de'^ired tn hritiij under enn<!uierrit icm, 
will he njost conveniently inken l»y first poiitting^ out the iretienti 
j>nm*ipleB applicnhle as well in towns as m the cniuitrv, and after- 
warda by considering these two descriptions of dwellings sepa* 
rately. 

The mo^t humhle ahodefl, whether in a town or in the country, in 
order to he heiillhy, must he dry and well ventilated; tu »enjre the 
f*u-mer, it is esi^ential that due attention be piven to the wittiatinn 
or larfility, to the foundation, and to the drainiig-e, as well a» to 
the material of which the external walln and roof Rre constructed. 
To secure ventihition, there must he a free crrctilation of air; a 
sufficient numher and size of openinp^, and adequate height of the 
room*t.j which 1 fthnuM fix at not less than 7 ft. 6 in* to 8 feet. ; in 
town building I have allowed 9 feet from floor to floor. The area 
t*f the apartments should be in proportion to the probable number 
f>r occupants; where intended for families^ the living- room oyj^'ht 
jiot to contjiin less than 140 feet to 150 feet miperlicial, and the 
finrenta' bed-room should measure at least about 100 feet super- 
ferial; in the letter it is of importance, as a provision for sickness, 
\hui there should he a fireplace* In every roi>m an opening for the 
ef^nipe of vitiated air ought to be made near the ceiling, especially 
in the smaller !ied-rooms for children, where there is no fireplace. 
An entirely snti?«factory system of ventilation, applicable to small 
J imrtments — by means of which the vitiated air «;}iall be removed, 
nnd an adetpinte supply of fresh air he introduced, without causini^^ 
j«ny perceptible current, — appears to be still a desideratum. My 
exoerience is certainly nn favourable to the indiitrrimmate use of 
chimney valves fixed in the ordinary manner. In some cases, thev 
unswer perfectly; in others, it is almost impracttrable to prevent 
the ingrress of smoke through the npertu^re; on this account I 
jirefer, where practicable, carrj'in^ up for some hei|^ht an inde- 
]>endent ventilating flue, which may be 9 inches by 4 inches or even 
smaller, and ultimately open into the chimney flue, or into the 
external air if there be no chimney flue from the apartment. The 
most simple and economical ventilator for the admission of external 
iiir which I have tried is fixing in an aperture behind an air brick 
an iron fnime fitted with a sheet of perforated zinc^ and having an 
iron plate hung to close it with a rack* Perforated ventilating 
glass and Bailie's sliding ventilators are b^th valuable invention*^* 

For the comfort and health of the inmates of every tenement, 
the protection afforded by an internal hVbby or close pon-h ia of 
importance, as well as the relative jjosition of the doors and fire- 
places to the living room, which should be so armugi^d that there 
may he at least ane snugr corner free from draught. Mliere case- 
ment windows are used, the great difficulty which is found in the 
lower class of baildinL's of rendering them weather-tight, reTolers it 
desira!de that they should invariflhly be made to open outwards, 
and be properly secured by stay-bar fastenings. Zinc I havt^fourid 
tlie most satisfactory mjiterial for casements, and if the *|uarries 
are well proportioned and not too large, their eflijct differs very 
little fnfm that of lead. 

In illustrating the general principles to be advocated as ap- 
plicable, particularly to town nuildings, it will be eonvenieut to 
refer to the dwellings erected by the S<tciety fc*r Improving the 
Tondition of the Labouring Classes. This Society was established 
in lBi4, under the patronage of her Majesty the Queen^ with the 
Frince Consttrl as its illustrious President Influenced by the 
phibintropbic principles so powerfully advocated by their noble 
ehairman, Lord Ashley, and stimulated by his example, the com- 
mittee of this Society undertook, as one most important branch of 
their luhours^ ''to arrange and execute Plans as .Models for the 
Improvement of the Dwellings of the Labouring Classes, Insth in 
the IVJetropolis and in the Manufacturing and Agricultural Dis- 
tricts." For the past five years they have been steadily engaged 
in ]>resenting successive models of improved dwellings adapted to 
the vari(jus circumstances of the industrial classes. 

With these views, the Society proceeded to build between GrayV 
inu-road and the Lower- road, Pentonville, near B:ignigge- wells, 
their first set of model dwellings on the only eligible site of ground 
then offered, 

1. Nine families occupy each an entire house, with a living-room 
<»n the ground floor, having an inclosed recess, or closet, large 
enough to receive beds for the youths of the family, two hed-rtii>ms 
on the ujiper-floor, and a smallyard at the back: these houses are 
let at a rent of six shillings per week, 

2. The remaining fourteen families are distributed in seven 
houses, each faiijily occupying a flcor of two rooms, with all requisite 
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conveniences; and as the apartments on the upper floor are up* 

ftroHChed through ai] outer door distinct from that beluiig:iQg to th^ 
ower floor, their respective occupants are thus kept eniirell 
separate, and each fioor is virtually a distinct dwelling. The rent 
paid by each family is three shillingft and sixpence per week 

A ti*a«h-houttf^ M'lth dr\ ing ground, is provided for the occasioofl 
use of the tenants of these houses, at a small charge. 

S. The centre building on the east side will accommodate thirty; 
widows or females of an advanced Af^e^ each having a room, wittb 
the use of a wash-house common to them all. The reut paid fim 
each room is one shilling and sixpence per week. Sahsequently ttfi 
has been thought by the Committee that this rent should liav# 
been fixed at two shillingis per week. 

Where space will admit of it, s<mie modific-atiim in the arranife-* 
ment of houses built after this general model would he desLrahlea 
The Society has published a plan in which theiie alterHtiuns 
embraced. 

Encouraged by the immedinte occupation of their first set 
buildings, and the approval of the public manifested by liberal con-j 
trihutions to their fund^, the S<iciety next proceeded to exhibit i| 
model of an imprtuved lodging-h«»use for working men, 3 

7*o show the practicHlulitj' of effecting a great improvement lA., 
the exii^ting lodging- bo uses, the Society began by taking three 
h»dgtng- houses in one <*fthe worsit neighbourhoods in London — viz,^ 
Charles-street, l>niry-lane. These tliey completely renovated and 
converted into one house, which has been fitted up with clean and 
wholesome beds, and all other ap[>urtenance« requisite for the 
health anil c<»mfort of eighty-two working men, who pay at lh» 
same rnte as is charged for the wretched accommodation afford edfl 
in ordinary lodging-houses — viz., fotirpcnce per night, or two shiUj 
liugs per week, and cheerfully conform to the regulations of the 
establishment. In a fin:*ncial point of view, thid experiment u 
amply remunerative to the Society. 

But, liowever valuable as an experiment, and calculated as «< 
stimulant to produce highly beneficial results, the house in Charle»-i 
street cannot be considered as the model of what a lodging-hou*« 
ought to he. The Conyuittee therefore purchased a piece of free-^ 
hold ground in (ieorge-street, St. Giles's, surrouuded by other 
lodging-houses, and have built on It a model lodging-bouse foe 
104 working men. 

The Plans fully describe the arrangement of the several floor*; 
and the fitting-up of the priucipal apartments mav be thus briefl/ 
stated: — The kitchen and wash-house are fumislied with every 
requisite and appropriate convenience; the bath is supplied wita i 
hot ami cidd water; the pantry-hatch provides a secure and sepiutite 
well -ventilated safe for the food of each inmate. In the pay -office, 
under care of the superintendent, is a small, well-selected library, 
for the use of tho lodgers. The cofl*ee, or common room, 33 feet 
louiT, *^ feet wide, and MJ ft. 9 iu. high, is paved with white til&*i, 
laid on brick arches, anil on each side are two rows of elm tables^ 
with seats; at the fire-place is a constant supply of hot water, and 
above it are the rules of the estahli«hnient. 'J he staircase^ which 
octMipies the centre of tiie building, is of stone. The dormitories, 
eight in number, 10 feet high, are ijubdivided with moveable woi^d 
partitions 6 ft. 9 in. high- eacli ciuniiartmeut, enclosed by its owti 
doi^r, is fitted up with a bed, chjiir, and cIothes-bi*x. In addition 
U* the ventilation secured by means of a thorough draught, a shaft 
is carried up at the end of every room, tlie veutilatiou through it 
being assisted bv the introductitm of gas which lights the apart- 
ment. A ventilating shaft is also carried up the staircase for the 
supply of fresh air to the dormitories, with a provision for warming 
it if rerjuired. The washing closets on each floor are fitted up 
with slate, having japanned iron basins, and water laid on. 

The Society has recently fitted no in Hattou-garden a lodging- 
house for fifty-seven wcimen, whicli mav he referred to as th« 
completest example of the adaptation anri arrangement of an old 
hoiise with all the conveniences desirable in such an establishment. 

The question of lodging a large f lumber of families in one lofty 
pile of building has been the subject of much discussion, and in 
reference to it the most contradictory opinions were stated before 
the Health- of. Towns' Commission. Some thought it the best 
ndapted and most economical plan to provide in one house, with a 
common staircase and internal passages, sufficient rooms for lodg- 
ing a considerable number of families, giving them the use of a 
kitchen, w;i>,b-house, and «aher necessary couveuiences, in common; 
others objected that such un arrangement would lead to endless 
contentious, and be attended with miuvh evil in cases of contagitHia 
disease. It must be obvious that in n»any localities where labour- 
ers' dwellings are indispensidde^ it is im]»ossibIe to provide them 
with isoLited and altogether independent tenements; and therefore^ 
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tlkougli nodded by local and otlier ctrcum stances, it will be found 
tiiei^fiaral pra^niee in Great Britain, as well im in the laige con- 
ilnentaJ towns, for st^veral families of the working classes to renide 
in tm^ hou»e. 

The important point, then, for consideration, is, in what manner 
wa the advantages of this economical arranj^ement be retained, 
without the seriouts practical evil^ which have heen referred to? 

Ill providing for the accommodation of a kr^e number of 
families in one pile of buildin^% a Jeadiii<^ feature of the plan ahould 
be the preservation of the dunie^tic privacy and independence of 
each distinct family, and the disconnecticm of their apartments, lO 
M pffectually to prevent the communication of contagious diiieaiies, 
Thiif is accomplished in the model housen built in Streatham-street, 
BWoi*ibury, by dispensing altogether with sepHrato staircases, and 
other internal communications Ijetween the different stories, and 
hy adopting one common open sftaircase lending into gaOeries or 
corridors, open on one aide to a spacious quadrangle, and on the 
other side having the outer doors of the several tenements, the 
rooms of which are protected from draught hy a wmall entrance 
lol)l)y. The galleriea are supported next the quadrangle hy a 
• «erics of arcades, each embracing two stories in height; and the 
dite Doors of the intermediate galleries rest ou iron beams, which 
■Isa carry the inclosure railing* The tenements being thus 
rendered separate dwellings, and having fewer than scTen win*iowa 
in each, it is confidently submitted are not liable to the window- 
tit — which, in a financial point of view, is a consideration of much 
importance — a saving of at least between seventy and eighty 
poands per annum being thus effected on the entire range of build- 
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The plan at a large scale exhibits one tenement or set of apart- 
nenta with their apuropriate fittings, which compriRe all the coo- 
enieucea requisite for a well-ordered family, and include, in 
ddition to the bed-rooms, a provision for an inclosed turn-up bed 
I a closet out of the living-room. 

The nature of the foundation rendering excavation to a con- 
pderable depth indiBpensahle, a basement «torv has been formed, 
ith a range of well-lighted and ventilated workshops. 

The floors and roota of these buildings are rendered fire-nroof 
by arching with hollow tiJes or bricks slightly wedge-shaped. They 
are a inches deep, 4 inches wide on the top part, 9 inches long, 



|thB to 1 inch thick; the rise of the aj-ches is from |-inch to 1 inch 
per foot on the span, and they are set in Portland ct-ment in the 
proportion of one part cement to two parts sharp sand, the tiles 
being well wetted before being used. 

The arrangement of the building is such as to render the floor 
and roof arches a continual series of abutments to each other, ex- 
cepting at the extremities, where they are tied in with |-inch iron 
rods, secured to stone or cast-iron springers. The roof is levelled 
with concrete, and asphalted. The iloors of the bed-rooms are 
boarded on joists « inch souare, cut out 1 inch on the back of the 
arch, and secured to two sleepers; the remainder of the floors are 
in Portland cementj excepting the basement, which in of metallic 
lava. 

The extra cost of rendering this huilding fire-proof, as well as 
preventing the communication of sound, and all percolation of 
water between the several floors, by means of the tile arches, beyond 
the cost of construction with the ordinary combustible floors and 
roof, as ascertained by comparative tenders, do not exceed about 
12#. per cent, on the contract for the entire pile of building, which 
is 737U/.; and, in ail probabiiity, when a regular demand arises for 
roof and floor arch-tiles, they will be supplied at such a price as to 
allow of their use without any extra cost. 

The Metropolitan Association for Improving the Dwellings of 
the Industrious Classes w^as incorporated by royal charter in 
October, lH4-a, and their fir&t range of dwellings^ built in the Old 
Pancras-road, for the accommodation of 1 10 families, was opened 
for reception of the tenant« early in 18 18. These buildings, from 
the designs of Mr. Moffet, present an extended and imposing front 
of about 226 feet, with advancing wings, and are five stories high* 
The subdivision into distinct double-houses, with a central stone 
staircase to each, is similar to that of the Birkenhead buildings- 
They are not fire-proof, but have the advantage of larger^sized 
apartments, and unobstructed light and air. The internal stair- 
case arrangement involves them equally in the heavy charge of 
window-tax, which, on the whole pile of buildings, amounts to 
about 150/. per annum. These buildings have been constantly 
occupied since their completion, and the must grutifving evidence 
has been giveu of the change produced in the health and comfort 
of the tenants, by their improved and salubrious dwellings. 

The second undertaking of the Metropolitan Society has been 
the huilding in Spitalfields of a lodging-house for 234 single mon^ 
with dormitories arranged on a similar plan to those in the George- 
street, Bluomt^bury, lodging-houses, opened in 1847. The living- 
room accommodation is more extensive and costly, as it comprisag 
a coffee-room 4i feet by 35 feet, a kitchen 46 feet by 21 ft. 9 in,, a 
lecture-room 35 feet by 21 ft, 9 in., and a reading-room 25 feet by 
21 ft. 9 in. This huilding is jual completed from the designs of 
Mr* \V, Beck. The charge for each lodger has been fixed at 3#. 
per week, whilst that in George* street, Rloomsbury, is only 2*. id, 
per week ; it remains to be seen whether the extra payment bejond 
4rf. per night, the usual charge for lodging for single men, will be 
paid for such increased accommodation. It may also be question- 
able how far the class of men f<*r whom lodgings in such a neigli- 
bourhood are chiefly needed, will be really benefited by the luxuries 
here provided, and which but few men in full employment can base 
much time for enjoying. It should, however, be observed, that the 
proximity of this establishment to the spacious range of dwellings 
for families, building by the same Ass4)ciation, affords the oppor- 
tunity of appropriating to the use of the occupants of those dwell- 
ings^ during certain portions of the day, some of the accommodation 
afforded in this building, and thus turning to good account what 
might otherwise be surplus aceomnu>dation. 

The iiitenmi plan of the«e dwellings for families is similar in 
general dispoj*ition to those in the Old Pancras-road, the relati\o 
position of the door and flre-places in the living-rooms is better 
than in the latter buildings, but the position of the entrance under 
the centre of |he staircase, from apparent ift ant of height^ is 
unsati^factory. 

Besides the new buildings to which reference has been made, the 
spirit of improvement has in several places been manifested hy the 
re-modelling of old buildings, and fittiug them up as near as cir- 
cumstanccs will admit on an improved and szinitary plan, so as to 
render them healthy and comfortable abodes. That improvements 
of this description "might be effected to a very great eaitent, with 
immense advantage to the working cliisses, and a handsome 
remunerative return to those who undertake them with judgment, 
and who do not shrink from the trouble whicli they invoh'e. the 
experience of the Society for Improving the Condition of the 
Labouring Classes has clearly denuinstraterl. 

In adapting and titting up old buildings, as well as in erecting 

18 




J 



U6 



THE CIVTL ENGINEER AND ARCHITECTS JOURNAL. 



new ones^ experience haA lAu^bt tlie importance of a judicioutj 
selection of the Ioe4ility, which should not (>e too far removed from 
the daily Qceupntion oi" the expected tennnts, nor should they be in 
close contact with the residences of a much higher class in society. 

In reference to new huildings for the labourinif classea, the most 
rijBid economy of arrangement, consistent with accommodation 
iufliclently spacious; to be convenient and healthy, and the utmost 
attention to cheapness of construction, consistent with dtirability 
and comfort, are easential elements of a realty g04fd and isuttable 
plan- The architect should bear in mind that the rents which the 
working classea usually pay^ though exorbitantly high for the 
wretched accommodation afforded them, will only ju«t yield a fair 
return for the outlay on buildings constructed for their express u»e, 
and fitted up with aJJ the conveniences which it is desirable they 
should possess. Any expenditure on unnecessary accommodHtion, 
which involves an increase of rent beyond that usually paid by the 
occupants of such a class of dwellings, appears to be at least 
hazardous, and may jeopardUe the whole or a portion of the interest 
to be fairly expected from tlie investment. 

The remaining branch of my subject, on which I have now to 
speak more particular ly, is that of labourers' dwellings in agri- 
cultural or country districts. 

The attention of landed proprietors has often been directed to 
the necessity for the improvement of labourers* cottagei*, and in 
ni»t a few instances the entire aspect of a village and neighbour- 
hood has in this re!?|)ect been completely changed by the well- 
directed efforts of a single landlord. Illustrations might be dravrn 
from the example set by many noble and wealthy proprietors: in 
the first instance I vtill cite a case which shows how, with compa- 
ratively limited means, much good may in this way be effected. In 
the recently publi^shed memoir of John Howard-^ it is recorded that 
when he fimi went to reside at Cardington. in Bedfordshire, about 
1756, he foynd it one of the moat miserable villages which could 
have been pointed out on the map of England. Its peasant in- 
habitants were wretchedly pi>or, ignorant, vicious, turbulent, 
dirtv. With his characteristic energy and earnestness, llownrd 
set himself, withiii the sphere of his own competence and influence, 
to ameliorate their condition both in a worldly and spiritual sense. 
Beginning with his own estate, he saw that the huts In which hia 
tenantry, like :ill others^ of their class, were huddled together, were 
dirty, ill-built, ill-drained, imperfectly lighted and watered, and 
altogether so badly conditioned and unhealthy, as to be totally 
unfit for the residence of human beings. He resolved to begin his 
work at the true starting point, by fir^^t aiming to improx*e their 
physical condition — ^to supply them with the means of comfort: 
attaching them thus to their own fireside, the great centre of all 
pure feelings and sound morals— to foster and develope in them a 
relish for simple domestic eajoymenta. 

The first stop which he took in furtherance of these objects was 
obviously a wise one, that of rendering the homeit of the poor 
dwellings fit for self-respecting men. This must indeed be the 
starting point of every true social and industrial reformation. 

Your attention must now be directed to the very important com- 
munication on the dwellings for agricultural labourers made by 
his grace the Duke of Bedford through the Royal Agricultural 
fH>ciety, in a letter addressed to the Earl of Chichester, President 
of that Society, for the past year; and 1 feel assured that it will 
not be deemed unsuitable for me to quote such high authority on 
the obligations of landed proprietors, 

I have lately had the pleasure of examining a considerable 
number of the new cottages recently built, with judgment and great 
care, on the Duke's Bedfordshire property, which already exceed 
100; and it is the intention of his grtice gradually to continue the 
re^building of decayed tenements in the same county, until 300 
mor^ are erected. The building egtablishment at Wobuni Abbey 
18 on a princely scale, comprising extensive machinery, worked by 
a steam-engine of twenty-five horse power, and provides employ- 
ment for 800 workmen. 

In Devonshire the duke is carrj'ing out the same apirit of 
improvement, to the extent of sixty -four cottages. 

The example thus nobly set by the Duke of Bedford haa been 
speedily followed by his grace the Duke of Northumberland, and 
other landed propnetors have also undertaken the same good work. 

Plans of cottages built by the Marquis of Breadalbane, are jjub- 
lished in the volumes for 1813 and lSt5, of the TraHntiftkmJt ol the 
Highland and Agricultural Society of Scotland; and plans of the 
Duke of Bedford's cottages are published in the last July number 
of tiie Journal of the Royal Agricultural Society. 

To facilitate the adoption of plans which' combine in their 
arrangement every point essential to the health, comfort, a«d 



moral habits of the labourer and his family, with that due regard to 
stability and economy of construction which is eeaential to their 
general usefulness, the Society for Improving the Condition of the 
Labouring Classes published, and circulated extensively, a series 
of designs for cottages, prepared with these special objects in view. 

Each dwelling consists of a living-room, the general auperfieial 
dimension of which is about 150 feet clear of the chimney pro^ 
jection. A scullery containing not less than about 60 feet or 
70 feet superficial, which is of sufficient site for ordinary domestic 
purposes, without offering the temptation to its use as a living-room 
for the family; besides a copper, and in some cases a brick oven, 
provision is made for a fi.re-place in all the sculleries, by which 
arrangement the necessity for a fire in the li\'ing-room through the 
summer is avoided, A pantry for food, a closet in the livlng-rooin, 
and a fuel store out of the icullery, are provided in alt the oottagesu 

The sleeping apartments vary somewhat in dimensions; that for 
the parents in no instance contains less than about ItH) fe€t super- 
ficial, whilst the smaller rooms for the children average m>m 
70 feet to BO feet superficial. The height from the ground fioor to 
the first fliwr is 8 ft. 9 in. giving nearly 9 feet clear height for the 
living-room. The bed-rooms are 7 ft. 9 in. where ceiled to the 
collar pieces, and 4 feet to the top of the wall-plate, which, for the 
security of the roof, is in no case severed by the dormer windows. 

In reference to situation, where it is practicable the front should 
have somewhat of a southern aspect; the embosoming in treet 
should be avoided, and particular attention ought to be paid to 
secure a dr}' foundation; where this is not otherwiae obtainable, 
artificial means should be adopted by forming a substratum of 
concrete, about twelve inches thick, or by bedding idate in cement, 
or laying asphalte through the whole thickness of the wall under 
the floor level. The vicinity of good water and proper drainage 
are points of obvious importance. A gravelly soil is always pre- 
ferable to clay, and a low situation is seldom healthy. 

It is desirable that every cottage should stand in its own incloised 
garden of not less than about |-th of an acre, and have a separate 
entrance from the public road. One well may generally be made 
to answer for two or more cottages, and it is of great importance 
that it be so placed as not to be liable to contamination eitner from 
the drains, cesspools, or liquid manure tank; the latter should, how- 
ever, invariably he made water-tight, the cost of which will aoon 
be repaid to the tenant by its fertilising products. 

As respects the material used in the external walla of cottages, 
much must depend on local circumstances, and the facility with 
which the various kinds of natural or artificial substances adapted 
to the purpose are obtainuble. 

The various designs published by the Society have, for the 
reasons previously stated, been wholly arranged for brick, but by 
increasing the thickness of the external walls they will be equally 
well adapted for cottages built with other materials. The external 
walls are described as 9 inches thick, and when bailt of this sub* 
stance, in order to secure their dryness, unless the bricka are 
unusually impervious to moisture, it is strongly recommended that 
the walla should be hollow; this may be effected by three methoda, 
two of which require that the bricks be made on purpose. The 
plan No. 1 has been used to some extent; and unless where the 
bricks are so porous as to cause a transmission of moisture through 
the heading courses, this plan will be found to answer, rendering 
the walls dryer and cheaper than when built in the ordinary way, - 
Three courses, with the joints, rise 1 foot, the bricks being 3^ M 
square; they are of the ordinary length— vie., 9 inches. ■ 

The other plan is that of holkiw bricks made wedge-shaped, and 
bonded longitudinally over each other, so that two cavities run 
parallel through every course of bricks, giving a double security 
against moisture, us there are no holders to pass through the wall; 
the rise of these bticks is also three courses to the foot, and they J 
are 1^ inches long, which diminishes the number of joints, and give* f 
greater boldness to the work, more resembling stone in enect. 
These hricks are imtented; they may be easily made with any tile 
machine at a small cost per thousand above that of sound common j 
stocks; whilst from their increased si^e, which adds but little to I 
their w eight, and nothing to the duty, it is found that nine of them ' 
will do the same number of cube feet of walling as sixteen ordinary 
stocks. The saving in mortar is full 25 per cent., and the labour, 
to accustomed workmen, considerably less than to ordinary bricks 
work; whilst great facility is afforded by the cavities both for 
ventilation and warming. It should be added that the bricks for 
the quoins and jambs may be either solid or perforated perpen- 
dicularly.* 

* lo adfUtloa to ibt pateoi Irandid boUow-br.ckf, thw •pplkiUoD of wtiioli U> tttt com- 
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^^ete it U imprftfticAble to obtain bricks made 
on cither of the olans above dei4cribed, the walls 
may be built hollowj 11 inches wide, with com- 
mon brickM, (^e Plan, No. 3); a cavity of ^ itichett 
beinfc l^ft i» ^be centre, and the length of the 
leaders being made up with 2-inch closurs, would 
[^nd every course and render them perfectly dry. 

Where flint or concrete is used, the walla can- 
I not be less than 12 inches thick with eitlier ms- 
I teml; they may be lined with the patent hollow 
brick, which would bond every ctnirne. 

The main partitions on the ground-Hoor 
ihfliild be of brick — hollow bricks, or Me8ja*». 
Hertilct and Co.'s rebated tiles, 12 inches square, 
wkffe obtaiaable^ may with advantage and econo- 
my be used for this purpose; in either ca«ie, they 
sfaoald be set in Roman or Portland cement. 
Wb«re the upper-floor partitions stand peroen- 
dieolar over those to the ground-floor, hricK or 
Uk b decidedly preferable to wood. Stairs may 
aJfu be made of hre-brick clay, with great ad- 
TUtage. The ground^floor should be raised not 
lesthaa six inches above the external surface, 
«Dd where wood Boora are used they ought to be 
Tentilated by means of air-bricks built in the 
ntertial walls. The warmest and most econo- 
mical floor is probably that formed with holjow 
bricks. In some parts of the country, lime and 
I «iQd Aoors are uretty generally used, and found 
totast, when well made, upwards of forty year^. 

Tiles will generally be found a preferable 
eoverini^ for tne roofs to slate, being warmer in 
the winter and co*)ler in summer, and rerjuiring 
much less lead, are decidedly mure economical 
ineome localities; however, slate may more effec- 
tiuUy exclude the weather. 

In closing the^e remarks on the Dwellings it( the Labouring 
CUasea, I cannot but add that it will be to me a source of per- 
ttioetit satisfaction if they should prove of any service to the 
VHobers of the Institute, or conduce in any way to the removal of 
olwtiiclea which present so formidable a harrier to the sijcial and 
nligMma advancement of a numerous and deserving class of the 
^epiom unity. 

To contribute to the welfare of our fellow* creatures, with a 
^io the glory of God, carries with it that durable happiness 
the pursuit of wealth, of fame, or of fleeting pleasure 
afibrd. 

Mr. Stdnxt SiftaxK, V.P., rote to expreu hit thanki to Mr. Roberttfor 
liying tyefiire the meeting hli viewi on tbii imporUat labjeclf and also for 
ihe v\€*r, intelligible, iml accurate maaDer in wluch he hid done to. Thit 
nu a «ubjr€t of great pubUc interest and importance. It wai ■ tubject he 
iiad long felt an intcreit in, aad he (Mr. Sfoirke) Ijelieved that hit attention 
i»t« firil directed to it hy becoming tcqutinted with tbe fact that an indiri* 
dual» eiij<»ying the luxury of a private carriage, and gidDg hit ton the bene- 
iti of an aitiTerirty education, derived hit income from tome low lodging- 
^UiMiae* in St* Giles't. Thii was sufficient to tatiifj him of the iaordinate 
^Pbtent ta which the poor were lurcharged for their habttationt ; of one 
thing he was quite certain, nnnielj, that the poor paid far more, in propor- 
tion, than the rich, for their todjjing* and food. This wat now pretty 
«eU atirlerstnoii to he the ctae with regard to their lodgimgt. It must alto 
be admitted to t>e the case with respect to their food : it wat impottibk, ia 
all Loadoii, from Bond-ttrect to Cheapsidc, lo go into any more eitravaganC 
' kop ihan the imaU chandlen* In the taburbi of London. In lach placet 

Mon of wAlit hft* b«ra fully deiJCTfbwd H mmf Iw uneful to glre a kcUod iiiiU. dcicrlp> 

htn oC a hotioir brick, dnigoed by Mr. R«w]in. 

C.%,, «rho«e AtteDtl(m bat been mueb 

I to tbk latij^ct, and who itatca thnt It 

me* mtttiy admnUifet* and may be rncmlderi 

ill|r «8 aar other form. The uiRte ribi irn 

iftUJr »r-v'e ttrcQKtb mjkd fi3rfu?t at tbAt por. 

f*' and admll o( tile or sUi« 

vl* ' rJ on any or all of th« iid«S( 

^clox- ^ '>y thtt meanj a conOnuom 

e« pcrf«tUy t»gUl, may be formed. Two of 

i catcmal far»^« are er«n aod pU)n» two are 

rliallv rrvw««i*d ; tbM« taOer are tuppowti to 

t Ih-f itf^)olnti, as th« ca»e may be^ 

uf aUout l-lf>tb of an Inch 

hollow aldii aod thin portiuii 

' the bfiiik Iraia uiirlue wdgbl or bearing m 

t morkt—Ui itriagthS^ on tbe solid edvea, ari i 

i> t^ ai;i At a •light locic, or dawel, with the 

ftcnl Of mortar, Th* joknt domli will only 

trMpaifed where one aurface or more la rxpoaed^or where any partlrulmr coo rie requires 

% hm made Into a tontinuou* due* for veotilatlon or any otber purpose. For partlUoos, 
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the worst poislble article was told at the higfiest possible price. Theownera 
of those establithments had realised that tummum bonum of political eco. 
nomf — the; bought in the cheapeil market^ and told in the dearest. He 
did not think we thou Id haTO done all we could, or ought to do, for the im- 
provement of the working claiaetr until we thaJl have used everj potiible 
exertion to secure for thefn those two great requirements, naiael)', cheap and 
healthy lodgings, and cheap and wboleiome food. From what Mr. EoberU 
had detailed that eveningi he (Mr. Smirke) thought that the poor were in a 
fair way lo obtain the first -mentioned destderattira, and he hoped that with 
respect to the lecond, luccest need Qot be regarded at impossible. He (Mr, 
Smi^rke) hoped he might be permitted to suggest the eatabliahmeat, in every 
pariihf of a large store of the principal articles of food consumed by the 
poor, to be sold only to ihmt who were known to be in needy circum* 
stances ; tiich articlet lo be really pure and good of their kind» and charged 
at fair moderate prices. With respect to the more immediate subject of the 
paper before them, he had but one otber remark to make — that all those, 
who hid from circumstaDcet been enabled lo know auy thing of the habits 
of the working clasiei in their own homet, must admit, that aa tenants, 
they were rather a destructive class* On this account he thought the inte- 
rior fittings of all dwelling! for Ibe poor should be formed as iudcatruclible 
as possible ; pluler waa not fit for the wallt of the rooius ; the chimney 
hearths should be of cast-iron, and the iroumougery generally should be of 
special strength and simplicity. 

Captain Biriaaa, ILN., obAerved, that some years ago he made tiles a foot 
long and six inches thick, and ai he used them singly the walk were only 
six inches thick. He plaitered them iniide, and they are very dry, except 
wben there it much wind and drtdog rain. He sometimes used those bricka 
for fiooringt as they are very dry. An objection, hovrever, arose to their 
use. It wai a very dry place where he introduced them* and the ants finding 
them comfortable retidences, crept in, and often annoyed people by eating 
up their bread and butter. In other respects they answered ibe purposes 
anticipated. Two cottages built together cost him about 100/., consiating of 
two rooms and a kitchen, 13 feet iquare, all on the ground floor, 

Mr. Godwin called attention lo the oppressive and injurious tendency of 
the window.tax on such dvrellingf , and hoped Ibat all present would aid in 
leading roinistprs to consider a matter of sucb moment* 

The Rev. Mr. Eddrup stated, that hafing had some experience in risiting 
the poor, both in town and country, he could assure the meeting that the 
condition of ibeir dwellings was one of the greatest obitaclet the clergy 
had to contend against, in endeavouring to make their moral conditioa 
better and holier. The miierable state in which many of them are com- 
pelled to live, constitutes the chief difficulty. The bed^rooms of the poor 
are ofren so over-crowded that modesty, reverence, and decornm arc almosi 
entirely destroyed, tie strongly sympathised therefore in ttiia admirable 
movement for the benefit of the labouring classes. 
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MEDIEVAL BRICK BUILDINGS OF GERMANY. 

Oil the Meditrrai Brick Build'wga in the Nbrth-Eait of Germany^ 
and on th** Onut of the Baftic. By Chakleh Fowlkb, Jun., Esq. — 
(Paper rt^ad at tie Royal Institute of British Architects, Feb- 
ruary I8tli.) 

In requesting' your attentiim to some of the examples of the 
Mediffival BricK Builtlinfja which we find m the m^rth-east of 
Germany, and the adjoining coasts of the Baltic, I tan hardly 
preface my reniarka better than hy laying- before you the obsemi- 
tioo8 of one uf the best authorities on the history of our art — I 
mean Dr. Franz Kug'ler, who, in reference to the builiiinjfs in 
question, says in his Handbook: "^The Germanic Hyk is developed 
in s peculiar manner on the coasts of the Baltic, and in st>nie of 
the adjoining districts of Germany, vi«., Holstein, Mecklenbnrfr^ 
Pomerania, the (Hd and New Mark Brandenhurg, Prussia, Curland, 
Liefland, and aliio in the Scandinavian countries. These countries 
were connected and very much influenced by the confederation of 
the Hanse towns, and tt U probably to this inJiuencc that we may 
ascribe much of the Fimilarity of style visible in the h nil dings of 
tho districts referred to, though, in some instances, other circum- 
stances may have concurred to produce many of the peculiarities 
which we find. The Germanic style of the Baltic countries is 
distinguished from that development of it which attained the 
greatest perfection in Western Germantf^ by its greater simpli- 
city and niassivencss; though it is by no means devoid of artistic 
feeling, particularly in the hold proportions of the interiors, and 
externally in a peculiar style of ornament. It has been thought 
by some that the peculiarities of this style are to be accounted for 
entirely by the materials principally used in the construction: 
granite and brick, the former dimcult to handle, the latter only 
obtainable in blocks of very small dimensionjj; hut without wiibing 
altogether to deny this influence of material, we shaB more 
probably find th* origin of this simple and peculiar, but effective 
style of architecture, in tho rude but energetic character of the 
people by whom the monuments in ouestion were erected. Tho 
iniuence of material is more decidedly visible in the decorative 
parts. ^ 

This peculiar style appears to extend over a considerable tract 
of country, but its most complete development is found in the Old 
Mark Brandenburg, and the principal llanse towns, Ilamhurg 
and Lubeck. The earliest buildings m which brick appears as the 
prevailing material date their commenceniDnt in the latter part of 
the l^h century. But it is not til! the end of the 13th century 
that we find any examples of importance, and the stylo was fully 
developed during the J4th and down to the middle of the I5tn 
centuries. The earliest examples of this style are, as might be 
expected, ecclesiastical structures, and the prevfiiling character of 
these is, as we have already heard, simplicity and mnssiveness. 
The form of the plan is at first tho cross, the choir having a poly- 
gonal apse with the aisle continued round it, and sometimes also 
small chapels spreading beyond; the floor of tho choir is consider- 
ably raised, and a crypt formed under it; but tho transepts were 
sometimei omitted, retaining the same arrangement of the choir. 
The best examples of this early style are to he iijund in the 
churches of Rive, Odensee, Ringstiidt, Roskilde-on-Zeelacd, and 
the adjoining islands, 

In these examples wo find the eemi-arch, small windows, and 
many other features of the Romanesoue buildings, with which they 
arc nearly coeval, but probably a little later. But by far the 
greater number of existing examples belong to a later period, as 
already mentioned, and these exhibit more peculiar features. The 
plan now iiresents nave and aisles only, the choir still terminates 
polygonally, and the aisle is sometimes continued round it; but 
trequentl? the aisles are also closed at the east end by a small 
apsis, and in this case the choir ig continued eastward beyond the 
aisles; the choir is always marked by being raised a few steps. 
The upace between the wide projecting buttresses is gometimes 
occupied by small chapels, both round the east end and at the 
si dea of the aisles* The towers are, I think, invariably placed at 
the west end only; and there is most commonly only one, which is 
imbedded in the* body of the church, so that the west fumade is 
unbroken, and the tower only shows itself above the roof; in this 
arrangement buttressea would not have added to tho apparent 
stability. The aisles are of equal height with the nave, or at least 
the vaulting springs from the same line. The roof is generally in 
one span over nave and aisles, rendering it a very important 
feature externally from its necessarily great height; the usual 
covering is copper* The windows are of narrow proportions, and 



without transoms; the tracery, where not of stone, is of a very 
simple and even rude character, though there are exceptions. The 
doorways are generally small, but deeply roc^saed, with rich mould- 
ings; porches are not common, but I am able to exhibit one example 
from the Dom Lubeck. The form of the arches is generally about 
the equilateral, the pier arches more depressed. The piers are 
mostly of simple form, as circular or octagon, with four attached 
vaulting slmftsj but there are examules of a more elaborate com- 
position* The viiulting is generally the simplest form of crofs 
vault, without any wall or ridge ribs; in each compartment, 
between the transverse ribs, the vault rises domtcally, so that 
theie can hardly be said to he any ridge at all, as the vertical 
section through the centre of the vaulting would present somewhat 
the appearance of a series of irregular shaped domes; and, pro- 
bably with a view to lighten the construction, the centre is left as 
an open eye, round whidi the moulding of the ribs is continued. 
In some instances the brick- work of the interior has been simply 
pointed, and left without any plastering or colouring except in the 
vaulting; this treatment, though it produces rather a gloomy effect, 
is perhaps preferable to the indiscriminate whitewnsh. 

Of the exterior the most striking feature are the towers, though 
usually single, and placed at the centre of the west front. They 
are of large dimensions, both on plan and in elevation, but of 
exceedingly simjile outline; without buttresses, and with scarcely 
any ornament but the bands of sunk tracery which divide the 
different stories. The openings are small, too much so apparently 
to let out the sound of the liells; some of the smaller of these 
are therefore occasionally found on the outside, in a kind of 
balcony. The towers are most commonly square, up to the com- 
mencement of the spire, which is octagonal, and constructed of 
wood covered with copper or lead; the transition is made by 
gables on tho four sides of the tower, but there are some examples 
where the upper part of the tower itself is octagonal. 

The Spire is generally more than half the whole height, without 
any attempt at ornament, and terminates in a simple vane. The 
form is very taper, and is elegant from its simplicity; essentially 
different from the heavy spires of the Romanesque churches on 
the Rhine, which in construction they resemble. 

As the Roof is generally continuous over hoth the nave and the 
choir, the division is marked externallv hy a kind of lantern with 
a small spire, placed on the ridge of the roof; and this is called a 
Eoofrider, a terra very expressive of its position, though the 
laddie is none of the easiest. 

Most of the towns of the Mark offer several examples; I shall 
therefore only take some of the most important with which I am 
acquainted. The Church of St, Mary's, Lubeck (12i0— 1360) is 
one of the most striking; its great size, the two lofty towers, and 
the circumstance of its having the exceptional arrangement of a 
clerestory, all contribute to render it so. ^The extreme length 
inside is" 340 feet, and the height of the nave 128 feet. The 
Briefkauellc, which is a rather hiter addition on the south side, is 
one of tne most ehiborate and interesting specimens of this style 
with which I am acquainted. The vaulting is supported by two 
octagon polished granite shafts, 14 inches diameter and S8 feet 
high, I will here Just mentitm the heights of the different church 
towers at Lubeck, which are certainly very much beyond our usual 
standard* 

Bclglit of TQWtt or St. P«ter*i 384 SagUih r«eL 

3t.JEMldui 813 

,« t, St. iiine«'t..... #....*••• £ffl M 

„ ^ Tbe Dom ,... 891 „ 

„ St. M»ry*»... ...♦., 404 „ 

The Dom (llTt — 1341) is the oldest church in thetow*n; it has 
likewise two towers. Of the early part we have not much left* 
it is at the west end: the north porch, judging from the mouldings, 
cannot, however, be much later than 1200, The Church of St, 
Katharine (abomt 132^)) has a remarkable arrangement of the 
choir, which forms a kind of gallery, raised on ctdumns and vault- 
ing, and was ho disposed for the convenience of the nuns of the 
convent to which this church was attached. There is one other of 
the ecclesiastical buildings of this city which deserves particular 
notice; tho so-called Hei/igen Gvki Spitnl (Hospital of the Holy 
Ghost), founded IZ'iV, now a church, but originally a religious 
establishment for the reception of the sick and wounded Umt 
returned from the Hcdy Land, ami for sick travellers generally. 
The west front is very peculJRr; this part of the building formed 
originallv the chapel of the Hospital, it is now only the vestibule 
to the cdurch. At Hamburgh the churches have suffered more 
from modern alteration and destruction: the creat fire in 1^42 
destroyed two of them, St. Peter's and St. Nicolas. Only two of 
the original churchei» now remain, and they have been much altered. 
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Tbe flniall town of Tangrermunde. on the Elbe, contains some 
ttrr goad ^x&m^les — the Conventual Church and St. Stephen's; in 
ihi« latter much of the moulded work h in stone. A short distance 
from thk town there is a very interewting exnmple of the early 
neriod of the hrick style, in the church nt Jerichow (hefore 1200)^ 
III which the semicircular arch li used throughout; there is also a 
crypt; the cloisters, which still remain, show this to have been a 
cijnventuAl church. Not far from Tangennunde, in another di- 
recii<tn, is situated the ancient capital of the Mark firarideuburg^ — 
Sienthal, where there are several fine churches of the brick style 
(the Dom, St. Mary's, St, James's, and St, Peter'sV all on a very 
Ur^B tcale. At Brandenburg^ the Dom affordii another example of 
tiie ^nrlti^r T>.>nod, at least in part. The Church of St. Katharine 
(IH>i e» externally rather of the civil than ecclesiastical 

dsani t- facade has a ate ppeU gable. I will only mention 

further the Church of St. Nicolas, at Stralsund (begun 13H), and 
tbat of St. Mary, at Stargard, in Pomerania, both of whicn are 
iated to he particiilarly fine examples of the «tyle. 

We will now turn to the Civii Architecture of the brick style, 
tiiitiiples of which do not occur till about the latter part of the 
/Aurteeoth century, and they are generally of a much more elabo* 
borate character, with greater subdivision of parts, and more 
profuse decttration. Among these buildings the town halls or 
leoata huu^es form an important class, but they will hardly admit 
of any general description; further, tlio gate towers and other 
'.ficatiuns are very worthy of notice; and lastly the private 
I, though these do not offer any very great variety. \V e will 
re proceed at once to examine some of the examples. 
tttiiite house at Lubeck is perhaps the mo«t inuiortant of 
Ri^ as that town was at the head of the Hanse Confederation, 
ind the delegates from the different cities met m the senate house 
there, which is therefore much larger than would ha\*e been neces- 
lary for the purposes of the town council alone. The erection of 
this building spreads over a considerable period, down as late as 
the beginning of the sixteenth century, hut the most interesting 
portion is that first erected. It consist* of an open arcade, on 
granite piere, on the ground floor, probably for the use of the 
market, over which v^-ere the halls, &c., lighted by large wjndow«. 
The roof is masked by a row of turrets, connected by a kind of 
treacle, which gives a peculiar character to the building. 

The town hall at Tangermilnde is an example of a different 
dass; the most remarkable feature is the gable end, richly deco- 
nted with octagon buttresses, having sstories of canopied niches, — 
the gable is stepped beaween these buttresses. Altogether it 
ttrongly resembles the facade of the Church of St. Katharine, at 
Brandenburg, and date<i probably from the same period, the begin- 
ning of the fifteenth century. 

The Hall of Justice (as it is called) at Brandenburg presents a 
somewhat different arrangement; it is by no means so fine an 
example as that la.H mentioned. The arrangement of the centre 
ef the front is very peculiar; there in eLiborate tracery at the 
head^ of the door and windows, and this, if coeval with the rest of 
the building, would assign a late date for its erection. 

Having hefore alluded to Stralsund, I will here mention that the 
town hall there (built 1316) is ^spoken of as bavinfir seven towers, 
Biest probably somewhat in the manner of that at Lubeck. There 
are numenius other examples, which appear mostly to date from 
the fourteenth and beginning of the fifteenth centuries. 

Many town» of the district we are cansidering appear to have 
been fortified by a continuous wall, generally of briclc-work with 
iorretfi at intervals^ and with largo gate-towers, both single and 
dcHible. Very fine examples of the latter are found at Lubeck, 
but the enceinte appears in this case to have been an earth-work, 
though not thnt now existing. These towers were, without doubt, 
originally crowned with battlementt*, as is still the case in some 
other examples; but even as they now are they form imposing 
antranceii to the town. The date of these buildinga would appear 
to fall iu the middle of the fifteenth century. At Tangerniiinde 
the wall is of brick, and remains almost perfect, and there are al.so 
some fine gate-towers. At Stenthal we find two good exampjes of 
this claaa of building, at Brandenburg several, and many otners. 

Hut I must nass on to another class of examples— the private 
buildings^ of which 1 find the following dei»cription in an old 
chronicle of the town of Lubeck: — ^H}n one i>r botit sides of the 
lofty door there is a sitting-room, and at the back a small bed- 
rootn^ over the former the business room; it was some time before 
any other window was introduced, be^ide^i that common to the 
ntting and business rooms; the hall for the gviods and the several 
«torie« in the roof had only wooden shutters." This description is 
(»f the houj^es of the fourteenth century, but with very slight 



alterations it would embrace the greater part of the town at 
this day. 

In 1209 the town of Lubeck waa nearly destroyed by fire, and 
previous to this period the private buildings were probably entirely 
constructed of wood, as after the fire the senate passed a Buildiftg 
Act, w}Mi ordered that at least both the gable ends of private 
houses should be of brick. The principal feature of the private 
buildings are the stepped gables, which are sometimes of great 
height, and of which every possible variety is met with. They arv 
decorated with long strips of panels, arch-headed, and divided into 
stories of niches and openings; these panels are never continued 
down over the lower part of the house, where the openings have 
frequently quite a different arrangement. The steps of the gables 
are very bold, giving a peculiar picturesque character not met with 
in similar buildings elsewhere. Most of the openings of windows 
and doors have the segmental arch, being more manageable than 
the pointed form whicn is given to those of the niches or panels. 

The treatment of the ornamental parts in this style ia peculiar 
and well adapted to the material in which they are executed. 
There is one feature in particular which deserves attention, I 
mean tlie introduction of a white plastered ground to relieve the 
forms of tracery, &c, put over it. This relief by colour is rendered 
necessary by the dark hue of the material, owing to which the 
shadow of small projections would not give sufficient relief* 

fh the early examples of the brick style, the more elaborate 
parts, including the tracery of the windows and other moulded 
work, were executed in stone. Horizontal bands of stone were 
also occasionally introduced, and they have a good effect in tying 
together the different parts of the composition, besides their value 
in a constructive point of view. But in the later examples from 
the end of the fourteenth centurj', stone is entirely dispensed with, 
and we find even such parts as crockets and finials executed in 
frricA. The use of dark brown or black glared bricks was also 
common during the later period. The character of the mouldings 
variei^ of course, somewhat In the different periodjs, being simpler 
in the earlier, and more elaborately subdivided in the later; deli- 
cacy of profile can hardly be expected from the nature of the 
material. Moulded bricks were also used to make up general 
forms, such as circular piers, the inner side of circular turrets, &c. 

There are a few points in the construction of the buildings we 
have been examining which ought not to be passed over. There 
is usually a granite plinth carried aO round the churches, and the 
towers are faced with the same several feet up. The absence of 
buttresses to the towers rendered it necessary to increase the 
thickness of the walls, which we find is very considerable, not- 
withstanding which they mostly incline from the uptight; and it is 
remarkable that this occurs most frequently towards the south- 
west. While speaking of the mortar joints, I should mention 
that they are invariably very wide (from ^-inch to |-inch or even 
more); the mortar it^lf is extremely hard, and the lime nned 
was, for the district we are considering, principally supplied from 
Segeberg in Hoi stein. 

The construction of fmu/ting^ I think, claims particular atten- 
tion; in the first place, a light material was prepared in brickn, 
moulded of a wedge form. The ribs seem to have been first con- 
structed, independently, as a skeleton, and between them the 
spandrils were filled in with the light bricks, apparently without 
the use of centring, as each spandrll is considerably arched up to 
enable it to support its own or any superincumbent weight; thus 
the vaulting rests entirely on the ribs, which are not tailed into it. 
It IS a single brick in thickness, about six inches, and is backed up 
only a very short distance above the springing, so that the form is 
very distinctly seen on the upper surface, where it yreHentsa very 
remarkable appearance. The bond used throughout is the Flemish, 
or, as it is there called, the cross-bond; the arches are always built 
ia half^brick rings. 

The bricks used in the buildings I have brought under your 
notice are of a larger siste than those now commonly used in tlie 
district; they are remarkably hard and sound, and are rather 
heavy; though externally of a brown red colour, the inside is 
grey, like our stocks: this is not the case with those now made. 
The light vaulting bricks were made with a mixture of chopped 
straw, 8t> that when burnt they were porous, but of sufficient 
strength for their purpose. I have discovered no examples o( 
gauged work. The first-class bricks, as a material, are superior 
to those used in this country; the colour uniformly red, except 
where a vitreous action had been produced in the burning. There 
did not appear to have been a rubbing down of the face of the 
material when used for muUtons or tracery~the ordinary examples 
presented too rude a surface to suppose such an operation. 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



[Apmn:., 



Remarkt made at the Meeting qfter the reading qf thf/oregemg Paper, 

Mr. SAfiaKE «aid that he bid recently been much mtereited hj a euriorf 
inipeetion of some exiraplet of old brick-work in Gerroany, At Haooirer 
tod Hamburgh there «re churches conitructed of brick, with windowi 
haring deeply^nioulded jamt»i» and slender mulUons of considerable height, 
wholly of that materlAl. He thought that theae inataocei might be ad« 
dueed in corroboration of a remark he had madfl here ^a a former oecaiioo, 
that ne are in Etigland icarcely aware of the great cipahilitiea of ttrra-eotta^ 
The ap|)]icatiou of burnt clay to the purpoies of ornamental architecture 
leemi to have been carried fartheit in flat alluvial countriet, at on the 
eaitern lide of England aod in western Germany, where, of coiirBe, good 
building itone doei not occur, and where the expen&e and diMcuUy of 
iraniit in former times encouraged the uie of artificial materialt* In Nor- 
filk and Suffolk^ and the adjacent counties, many exatuplet remain of 
delicate ornamental brick-work. In parts of Germany thii fabri<3 is at the 
present day far better understood than with ui. The Bamchule it Berlin 
ia a most remarkable specimen of Schitikert geniua: it is a building of very 
great extent, and of most elaborate detail, entirely eieculed in brick- wo rk, 
unrelieved by any portion of ttone. Its dark red colour gives lo the build- 
ing a iotnewhat heavy genera) effect, very similar to the red sandstone to 
tDUch used in aome parti of Enj^land, but on a close inspection one h sur- 
prised at the Haeneti and delicacy of the details. Throughout weitern 
Germany bKcks are worked with a fautaitic ingenuity rarely viJtible with ua t 
by the use of various Colo (i red hricki intermixed, an ornamental character 
ii given to the commonest huildingi — somewhat whimsical perhapi to our 
plain English eyes, bul yet well deserring observation, 

Mr. FowLsn, sen., bad been struck when abroad with the cnrioui tpeci* 
mens of brick-work which be met with, particularly the Old Rathhaui, 
Hanover. Schinkeri remarkable building at tierlin, whatever might he iti 
merits architecturally, was a striking example of what might he done in 
hrick-wcrk or terra-cotta. The whole of that immense structure was of 
that miterial, and it wai certainly executed in a very extraordinary manner. 
It was by no means itrtking in ill outline. He would not have ventured to 
^ay that in Berlin, where the worth of Schlnkel'i works must not tni 
doubted, but he would assirt herCt that as a piece of architecture tt poa* 
sessed no great merit. It did far greater credit to the person who executed 
the work j for the able manner in which the details were carried out was 
surprising, and served to show» beyond what he would have conceived poi- 
sible, the capability of brick-work at a material. These examples, in stricter 
phrase, related to terra-cotta rather than to vulgar brick. 

Mr. Bkixamy (the Chaifman), remarked that Mr. Sharpe, of Lancaster, 
liad iatroduei^d terra-cotta to a great extent in the construction of churchea, 
and with coniiderahle elTert. There wa$, however, at the present time, 
rather an affectation in the application of brick.work, which it was not de- 
sirable to encourage. He had seen instances in which the cost uf ornamental 
construction in hrick hid exceeded tkiit of stone; whilst, notwithstanding 
the beautiful edfect inmetimes prod need by a judicious combination of the 
two materiali* it must he admitted to fall short of that obtainable in stone. 
The practical o'ljection to the combination of rubbed and gauged bricks 
with the ordinary building brick, by which bond is interrupted and not 
recovered for several courses, should not be lost sight of in adopting that 
material. 

Mr. D0NVU.OSON considered thai the absence of buttreisei, alluded toby 
the lecturer, on the external faces of these brick edifices materially detracted 
from their effect. The massive buildings riling up with the landscape, poi- 
seited great nobleness in point of mass, but at the same time they exhibited 
great want of taste. High as their spires rose, and imposing as were their 
dimensions, they were remarkable fur a want of ckiarotcuro and contrast, 
which marred ihuir appearance as works of art. The influence of Flemish 
taste in our brick-work was perceptible in many examples of pa«t lienea, 
which might be accounted for by the fact, that the Flemish builders were 
brought over to execute brick eoustrnctions slmilir to Iheir own. But in 
this country brick-work, as applied to Gothic detail, had never been carried 
to the same extent at in the low countries . Our travellers abroad had not 
so much noticed, as they deserved, the edifices to which attention bad been 
drawn hy Mr. F*jwler, for the surface of many had been coloured over with 
a light tint, and they appeared to persons passing through those towns as 
though they were really of stone, instead of being limply of brick conitrQC< 
tion. 

A vote of thanks was then paaaed unantmouily to Mr* Fowler, for his 
iutereiting communication. 



Plouffhintf Bif Steam — k trial in this way wu made at Grimsthorpe, on 
the 7th uU> by Lord Willougbby de Ercshy. It will be sufficient at present 
to say that the machinery employed consisted of a small locomotive engine, 
with a capstan attached, moving on a porta I) iti railway. An ordinary jduu^h, 
followed clti*ely by a subsoil plough, was drawn by a chain from the capitan, 
working with perfect precii^iun, and at a greater depth and speed than mnnh 
Several gentlemen and farmers who were present, expressed a favourable 
opinion of the <-\pHrirneiit. Should the plan be found advantageous, it will 
be published in full for the bcne&t of the public. 



MOTION OF WATER IN PIPES, 

On thfi Motion of Water in Conduit Pipu; on Friction and Fre*- 
sfire in Pipes; and on Jets d*Eatt. By M. D'Altulissov de Voisins^ 
iQK^^nieur en chef Directeur au Corps Royal des Mlne^ &c. &c» 
— (Translated by T* Howard, for the Civil Engineer und Ardti- 
t€ct*9 Journal.) 

[The Work, of which the present translation forms a part, mti^t 
be considered as the mos^t important and complete modem treatise 
00 Hydraulic Engrineeriu^. In it the author has, with admirable 
clearness and precisiun, treated the entire question of the Motion 
of Fluids; and this in such a way as to render it equally inviting" 
to the practical and the fictentific man. The object of the trans- 
lator IB to sujiply a Wcint which English engineers must lon^ have 
felt — that of ail inteliigible explanation of the Motion of Water 
in Ptpt'^; and in carrying out this object, he has considered it due 
to M. d'Aubuisson and the public, to give the exact meaning of 
the author as literailv as posisiblc* On the same principle, the 
original equations are ^iven, aa well as the same reduced for Eng- 
lish feet; for thoijgh these reductions have been carefully made, 
more confidence will he felt in important calculations, where hoth 
can he referred to. — Unless otherwise expressed, the whole of the 
dimensions in the examples are understood to be in English feet, 
and the time in seconds.] 
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Shniiariti/ of the Motion in Pipes and in Canak. 
I. In a long, inclined pipe, as in a canal, water moves hy 
\^rtu© of its gravity or weight, or rather that part of its weight 
called into action hy the slope of the pipe: the accelerating force 
in both cases is gp* So that, if to the upper part of a reservoir 
M, we ad^apt at AH, either a canal or a long pipe, — granting that no 
obstacle is opposed to the action of this force, the fluid will i^ue 
at the point B, with a vclueity due to the height EB. 

At the commencement of an open canal there is no exercise of 
presHure on the entering iuid; while there u'sually is a pressure at 
the head of pipes. For example, if we bring the pipe AB down 
to CD, we shall have at C a force of pressure, ia consequence of 
which the water will enter into the pipe with a velocity due to 
the height AC. According to the first principles of accelerated 
motion, this velocity should be added to that which the fluid 
acquires from the effect of the slope from C to D; so tliat, every 
obstacle bein^ removed, it will issue with a velocity due to AC 

I +FU, orto ED, the height which represents the force, in virtue 

I of which the fluw tends to take place. 

In every other rcripect^ this case may again be compared to that 

1 of a canal: if we iirohmg CD up to O, level with the surface of 
the reservoir, and tnake a canal from Q to D, the water will 
still tend to run out with a velocity due to ED. Thus, iii both 
cases, in pipes as well as in canals, the accelerating force and the 
effects which it tends to pr*jduce, are the same. 

Under the influence of such a force, the niotiun in pipes should 
be continually accelerated; and vet, at a very short distance from 
their origin, it is percej»tibly uniform. There must then he, beyond 
that distance, an f>pp(ising farce which continually destroys the 
e fleet of the former. Thi^i opposing force can only be the resist- 
ance of the sides af the pipe; a re!,istance which, as in a caoal^ 
arises from the adherence of the fluid particles to these sides and 
amongst each other* 

Thus in pipes we have the same accelerating and retarding 
forces as in canals; the nioticto therein is of the sume nature: and 
we may say tiftat pipes differ but in one point from canals— that of 
having the upper part of the channel closed, 

iMeanvihile, this ditference in the form of the channel gives rise 
to peculiar circuniKtances in the movenient, which demand special 
consideration: they will form the subject of this chapter. 

• g lacing velocttyuc quired from fore* of gravity In 1 ■eM»od=32-l9ft«t. liU. of LADdaia 
p imiOi rttte vl tlope* or f«li + leagth. v, . ui i^wmoiu 
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Aat. L-^OF simple CONDUITS, 
la hydraulics, and particularly iii connection with water-works, 
e name of conduit is firrveu to a \otis series of pi pea, joined 



exActlr one to another. The conduit is called mmpte (in opposition 
to a tyjftefH of conduih) when it consists of only a single line of 
pipes, conducting to its extreme end all the water it receive* at 
iti orifTtn. 

1, STKAiaRT Conduits of UNiFoaac Diamzteb. 
Manner of ej-presMng the Be^Mance. 

S. For ffreater simplicity, let us unite in one the two forces 
which tend to produce the velocity of flow — the pressure AC at 
the head of the conduit, and that of VD which arises from the 
dope: for thifl purpose, let us ima^ne that the given conduit €I> 
U placed horizontally at H I, at the bottom of a reservoir, of which 
the depth AH = AC-f FD = ED. Nothing- will he chani^ed in the 
Ilia of the problem: we shall have the same force and the same 
reiiitance, the latter being independent of the position of the 
coadait. 

The force of pressure by reason of which the water tends to run 
oot, or more immediately, the vertical height ED, which is the 
difference of level between the orifice of discharge and the surface 
of the fluid in the reservoir, is called the head {charge de la con- 
iuite)* We shall designate it by H. 

If ihe conduit offered no resistance to the motion, setting aaide 
the effect of contraction at the entrv, the water would run out 
with a velocity due to this total height, aa we have just seen. But 
it as not so: the resistance of the sides oppobing an obstacle, 
diminishes this velocity; it consequently absorbs a portion of the 
motive head H. The flow takes place only by virtue of the 
remaining portion ; which portion is simply the height due to the 
velocity or di!«charge, or indeed to the velocity at any point of 
the conduit, since the motion therein is uniform, and the section 
everywhere the same. 

Let V be this velocity, - will be the height due to the velocity 

or the effective portion of the head; II — - - wUl then he the por- 
tion absorbed by the resistance. 

$. We have thus expressed, by the height H, the effort or the 
force of pres€ure which drives the water in the conduit; by the 

height , the force wlitch producer the discharge; and by another 

lineal quantity H —^^ the resistanqe or negative force: although 

it is a principle in mechanics that forces of pressure, or efforts 
equivalent to weights, ought also to be expressed by weights. 1 
will explain myself on this subject. 

We have, in a former chapter, seen that the absolute presHure on 
a fluitl horizontal plane, or portion of that plane, designated by ;, 
via jMrH*^*, p being the specific gravity of the pressing liquid, 
SiQce, according to the laws of hydrostatics, the pressure is equal 
on every part of this plane, it will be sufficient, and at the same 
time convenient, to consider but one part only; this will he an 
infinitely small one, which we may suppose always of the £ame 
area; then « being constant, the pressure will vary only with the 
flpecific gravity or the nature of tne liquid, and the height of its 
column: it is in this sense that we say that the height of the 
eoliunD of mercury in the barometer expresses the pressure of the 
atmosphere. If tne pressing liquid remain the same (as will be 

•mlways the case with water in this chapter), we may also pass 
ever its weight p, which is constant; and the pressure will he 
ejcpressed simply by H, and will be exclusively proportional to it. 

If we were rigorously to adhere to the principle, we hhould 
regard H as the weight of the fluid filament which presses and 
drives on in the conduit the molecule which is immediately 
beneath it; and we should represent it by a line, as in elemen- 
tary ftatics we represent by lines, forcea which are also weights. 

IAmomti of the JleHstana; — Fundamentat Equution. 
4. Since the resistance arises from the effect of the sides, it 
will be proportional to their superficies — that is to say, to the 
length of the conduit, and to the circumference of its section, 
which IB here the wet perimeter; for we are supposing that the 
Hov is made in a full pipe, otherwise we should have the case of a 
— 



f 



the more also will the resistance of the sides be distributed among 
a greater number of molecules; consequently, it will lees affect 
each of them and the total mass; it will be in inverse ratio to 
their number, and consequently to the magnitude of the section. 
In sliort, here, as in canals*, it will be proportional to the square of 
the velocity plus a fraction of the simple velocity. 

Then, if L he the length of the conduit, S its section, C the wet 
contour or perimeter, a and b two constant coefficients, the expres- 
sion of the resistance will be 

CL 



S 



and we shall have 



Ct7» + H, 



CL 



n-- = 0^(0'+^) (1.) 

5. It remains to determine the coefHcients a and 6. M. Prony, 

who was the first to undertake this task in an adequate manner, 
makes use, for the purpose, of fifty-one experiments made by our 
most able hydraulicinos, and which Du Buat had before employed 
in the estublishment of his formula. He has deduced therefrom, 

a — -OO-oaiSS; b = -0498; 

or, in the value of English feet, a =. *0001oe2; b ^ "16339, 

Of thete fifty^one e&perimenti, etghteeii bad beea mtde by Du Bolt him* 
uU, upau a tin pip«, of 1063 inches diameter hM 65 6 feel long; twenty^ 
lix htd been mtde bf Bounty od lubei ilao of tiiir 1'06 incbesr 1*42 inchet, 
and 2' 13 inchei diameter* ind wbote lenglha varied from 31*95 feet to 192 
feel I l&ttly, aeven had been m&de on the large conduits in Ihe park at Ver- 
■aillesp one was 5'3 iochet diameter tad 7478 feet loag, and another 19*3 
inchci diameter and 3B3i feet long. 

Twelve years afterwards, Eytelwein treated anew the question 
of the motion of running waters; he has thought it right to take 
into consideration the contraction of the vein at the entrance of 
the conduit, and m being the coefficient for tliis contraction, he 
determined (the measures being in mkres), 

fp CL 

H — ;r— . = -0002803 -^ (©» + -084 v) 



2gxm 
Or in English feet, 

fj* PI a 

H — ^ ^ -0000854 -^ (w» +'2756 v)) 



1 



,(11.) 



%FXm3 



8 



But m, whose effect, besides being imperceptible in large con- 
duits, is included in the value of a, given by the experiments. 
Consequently, and paying regard only to the most exact obeerva- 
tions, and especially to those of Couplet, I shall adopt the equa- 
tion, 

Lin metres] ^ — ^ = '0003425 - - («= -|- '055 v)^ 

^•« • -i»» ^ ^_^--.,CLi, 
[InEng. feet] H — ^ 



^ -0001044 ^(t>*+«18045t?J 4 



„ (ML) 



For canaU^ the equation Is, 



CL 



.(IV,) 



[In metres] H - ^ = -0003655 ^ (c^ -|- *oe6 v) 1 

.^ CL f* 

[In Eng. feet J H -^ - = -0001114 -^ (d> +*21654 1?) i 

Thete two eqnationi are limilar and very nearly the iime, as should be 
the cate. The aligbt differences tn the nauierical coefBcienta probably arise 
from errors iti the ob&ervatioiiB, If this be lo, as the obiervations are capa> 
ble of being made with much greater exactnefts upon conduits than upon 
canals or rlvers» it may be presumed Itiat the coeMcients of the equations for 
conduits are the more correct. 

U, The section of pipes being a circle, if D represent the dia- 
meter, we shall have S= VD', and C = tD; and by putting for 
ff, ir', and p, their numerical values,* the fundamental equfition 
for the motion of water in conduit pipes will become, 

L 

[In metres] H — -051 u« = '00137 |- («■ + '055 ii) 



.(V.) 



[In feet] H — ,OUj v» =-00041 76 ^r (u* +-18045 w) 

The velocity is very rarely among the quantities given or 
required in the problems to be resolved; the discharge is the 

-Y - C^l an oje re«). ^ =«01W {In EufflUh feet). 
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quantity more frequently sought. Let Q be the volume dis- 
chargea in a second: we have 

Q = ir'D««; ort,=:l-278^ (VI.) 

This value of v, put in the equation above, transforms it to 

[Inmetr.] H— "08264 ^^=5 '002281 ^((y+ '0482 QD^) ) 

>... (VII.) 
[In feet] H-.-02519^ =-000677j?^^(Q«+-U173QD«) ^ 

Such is the formula which we shall have to employ for the solu- 
tion of questions relative to the motion of water in conduit pipes ; 
attendiiM^ always, in its practical application, to the observations 
which will hereafter follow. Of the four quantities Q, D, H, and 
L, three being given, the fourth may be found by this formula. 

7. When the velocity is great, so as to exceed 2 feet per second, 
the resistance is sensibly proportional to the square of the velocity; 
the term in which it is but the first power disappears, and we have, 
according to the experiments of Couplet, 

T -J 

[In metres] H — -051 «« = -001435 



H —-0155 t^ = -0004373 



[In feet] 
Or, in terms of Q, 
[In metres] H — -08264 g^ = "002326 ^ 



D 
D 



[In feet] 



O' LO" 

H — -02519 i^, = -000709 ^ 



D* 



D» 






...(vin.) 



(IX.) 



It will be borne in mind that the second member of the above 
equations is the value of the resistance arising from the sides of 
the conduit. 

8. Disengaging the value of Q from the general equation, it 
becomes 

•0216 
[Innietr.] Q ^787 



(X.) 



^...(XI.) 



LD« / 4.')0'2 HD» / 0216 LD» \» 

•2D'''A^ L + 37-2D '*'\L + 37-2D/ 

[Infect] Q- -SJ^'-^ A A^^^ ^^"P' ^ / J^5Td^» 
^ J ^ L + 37-2D /y/ L+37-2D ^VL + 37-2D/ J 

In lony conduits, where 37 D is very little compared with L, we 
may neglect it; and again neglecting the second term under the 
root, we shall have for ordinary cases of practice, 

[In m^res] Q = 21-22 a/_-! — -0216 D» 

[In feet] Q = 38-4365 4/?^ — -0709 D^ 

9. In great velocities, it is 

[lnn.et.] Q-20 73 ^jj^^^rj^' '"'''^'^'-^ VnT 
HlJ* /TTd* 

If the velocity is required, we obtain its value by dividing the 
quantity Q by tne section w'D-, 

Expression fir the Diameter, 

10. The diameter of conduits is very often the quantity we have 
to determine. The beat method of obtaining it is by putting the 
fundamental equation under the following form : 

rinmetrw] D«- {-00000594 ~ D»+-0826 ^ D+ -00222 ^} =0 "1 

!..(xin.) 



^.(XII.) 



Q' . 



[Infect] D«-{*000005M -jj- Da+-02518^ D + 000677 -^- } =0 J 

We may pass over, for a first approximation, the first two terms 
in the brackets, and we have. 



[In metres] D =Ay -00222 ^ = -295 A/^ 
[In feet] D = Ay/-0006769^' = -2323 a/^' 



> (XIV.) 



This value will be rather small; and we most successively make 
slight augmentations to it, until the first member of the equation 
is reduced to, or equals, 0. The quantity which shall have led to 
this result wUl be the diameter required. 

For velocities above 2 feet per second, we may take directly and 
simply 



[In metres] 
[In feet] 



D = -298 



D = -235 






.(XV.) 



I need say nothing on the determination of H and L; the equa- 
tion (VII.) gives them by a simple transposition. 

11. Let us take soma examples of the determioation of discharges and 
diameters :— 

Ex. 1.— We hare a conduit of (-25 ro^tr.) -820225 feet diameter, and 
(1450 m^tr.) 4757-3 feet lung: required the volume of water it will dis- 
charge per second, with a head of (5*32 m^tr.) 17*454 feet ? 

We have here D - -820225 feet ; H- 17*454 feet; L-4757-3 feet; and 
L + 37'2Da4787-816 feet. Consequently (X.), 

•0709 xC8a0225)Sx 4767-2 
Q=- — — 



4787-816 



^'V 



1477 06 X 17-464 X (•82022ft)S /^-2.1»x4757-<x-8asni 



47d7-tfl6 



(^ 



47tl7*»16 



- --047376 + -v/1 9989 + -024155 

tbi - -047376 + 1-423 - 1*37924 cubic feet per second, 

the quantity required (all the measures being in English fleet). The simpli- 
fied formula (XI.) would hsve given 

Q-1-4185--04767-1-3708 eabic feet. 

That for great velocities (XII.), and applicable to this ca«e, in whioh tht 
velocity is 2*6 feet per second, would have given 1*357 cubic feet. 

£r. 2.— Required the diameter of a conduit, 2483*64 feet (757 m^.) 
long, and which shall convey 3*14317 cubic feet (*089 m^tr. eab.) psf 
second, with a head of 3*2809 feet (1 mdtr.) ? 

Putting these numerical quantities in the equation (XIIL), it beconas, all 
reductions made, 

D»-(*22827 D» + *075811 D + 5*0604)-0. 
Neglecting the first and second terms, we have 

D^v'd^OGOi » 1*383 feet. 

This value of D, put in equation (XIIL), will be found too smaU; Kj 
gradually increasing it, we shall find, by a few trials, that the value 1*4127 
feet for D, will reduce the first member of the equation to 0, and will be the 
diameter sought. 

The formula for great velocities (XV.), and in this case v exceeds 2 fset 
per second, would have given « 



D»*235 



</ 



2483-64 X (3'143) « 
3-2809 



-1-383 feet 



[We shall next month proceed to the author s consideration of 
conduits terminated by adjutages.] 



REVOLVING ELLIPTICAL WHEELS. 

8u^— Having had occasion to seek for some simple means of 
producing a variable motion of rotation round one fixed axis from 
a uniform motion round another, 1 have been led to observe a 
property of the ellipse, which as it was new to me, may perhaps 
prove so likewise to some, at least, of your readers. 

It is, that if two equal and similar coffged wheels of elliptical 
form, be geared together as represented in the annexed ngun 
(which is a drawing of the piU^ lines of such wheels, without the 
cogs), the teeth wOl continue to act upon one another during an 
entire revolution, with perfect regularity; and the motion ^the 
one axis will be transferred to the other — ^not unifomdy, but sub- 
ject to a variation in velocity, the nature and amount of which 
may be easily calculated. By such an arrangement, therefore, a 
variable motion may be produced from a uniform one, in a manner 
comparatively simple and easily available,—- capable of transmit- 
ting a force of any amount with certainty and precision. There 
are, probably, many cases in which some such arrangement would 
be found convenient; and 1 am inclined to believe that it is not 
possible to find any more simple means of attaining the object. 

The conditions which must be fulfilled in order that any two 
curves — supposed to act in the manner represented, from fixed 
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esntres of rotation — O and F^ should continue in contact without 
anf otbtr than a rollini^ matkm one on another, appear to be, that 
if we lisume any two pulnta, B and C\ such that the arcs AB, AC, 



f 



\y 




/ 



meaffiired from the original point of contact A along the periphery 
of each curve, be equal in length : 
Int. The sum of the vectors F(.\ OB, must be equal to FO; and, 
Snd.That the ssuui of the ang^li^N FCIl, OBK, made by tlie vec- 
tors with tangents at the points B and C, must be equal to v^ 
Of 180°. 
For unless the ftrst of these conditions be fulfilleil, it appears plain, 
"* t when, by the motion of the axia at O, the one curve shall have 
aed the position represented by the dotted periphery, the 
f^mt B having been brought to the p'onition B', the point C would 
I not be, as tt eliouM be, in contact; and if the seeond were not 
fulfilled, the curves would Intergect at some otlier point, instead of 
having a common tangent at B'. 

I need not take up your valuable space by entering into any 

letailed iiroof that these conditionst are fulfilled by equal and 

limiliir ellipses working on foci, as a very slight acquaintance ivith 

"he projpertiei* of the ellipse is suHicient to show tliat such is the 

That they may nul pogsibly be fulfilled by some other more 

omplex curves, I do not venture lo assert, as the problem would 

e one of such extreme intricacv with regard to any other than 

Equril, similar^ and synimetncal ^rms; but I do not regard it as 

probable that any such curve!? can be found. 

Thi« principle would enidjle uh to ubtain motions of rotation of 
different degrees of vdrialkm, but of the same character — -viz. witli 
one maximum and one minimum veWity in the course of each 
revolution^ according to the eccentricity of the ellipses made use 
of. The revolution of the one wheel is necessarily conterminous 
with that of the other, hut is described at a variable rate; the 
nature and amount of which variation may be readily ascertained, 
either analytically by means of the formula subjoined, or by the 
merely mechanical process of drawing an ellipse of the as>?iimed 
eccentricity, and drawing right lines from any point on the peri- 
phery to each of the foci; since it will appear plain, on con- 
tideration, that, for any a-sunied point C, CFA represents the 

angular motion at F doe to the angular motion CGA. or BOA. 

^t O. 

^KL To deduce an annlytical formula applicable to the calculation of 
^Hkeae angles, we take the polar equation of the eUipse with regard 
^Bd focu§ G and origin GA, viz. 

^^^^^ a— <?*cosd' 

Iq which a := semi-major axis, and r = the linear excentricity. 
Hence we find that the angle CFA, or f, representing the angu- 
motitm round F, due to the angle CGA, or <?, round Oj must be 
' ; that 

u — f . cos Q ' a—c , cos p 

nee, in order to fulfil the first of the conditions which we have 
own to be required, H or Gm -\- Gc mmi be equal to FO or 2a, 
From this we cnn readily derive, by ordinary «ilgebraical pro- 
"" the expression, 

^ L a«+c* +2ac.eoS^ J ' 

form easily calculated for anv given values of the constants. 
Thi» action ib fur more simple, both in theory and practice, than 



that which has been already made use of — elliptical wheels work-f 
ing from the centres — the major axis of the one being placed at 
the commencement in the same straight line with the minor axis of 
the other. By combinations of the two, a variable motion of 
almost any regular periodic character may be attained, by doe care 
in assigning the proportions of the constants; and great facilities 
thereby afforded for counteracting the effects of any irregularities 
in the motion of machinery which other circumstances may have 
induced. 

In many cases it would be possible to economise power and 
space by such application; and in the hope that these hints may 
prove serviceable to some of your many readers, I have been 
induced to trouble you with this trifling communication, which 
you are welcome to deal with in whatever manner may prove 
convenient. 

Southampton^ William DAYisoit. 

FebrtAory 20th, 1850. 

r.S. Since writing the above, I have seen a small planing ma- 
chine at Mr. E. P, Smith's engine factory, in this town, to which 
elliplical wheels, acting in the manner described, had already been 
a[>plied, with ingenuity and success, to retard the forward motion, 
and accelerate the return motion, of the cutting tool. I was not 
aware that the principle had been applied; but as it is certainly 
far from being generally known, and as it appears to me capable of 
being applied in many ways with advantage, the publication of the 
above sketch, thus divested of all pretensions to being the first 
notice of the principle involved, may still pi^ve uBeful. 

Southampton, March 12f/*, 1850, 



THE SMYRNA STEAM FLOUR MILLS 

APfl> 

THE WATT AM> WOOL? STEAM-ENGINES. 

With reference to an article on these subjects in our last number, 
we ha\e received a communication from Messrs. Joyce & Co,, of 
Greenwich, which we now insert, and to which we shall append 
a few observations. It is as follows : — 

TO THE EPlTOa OF THE CIVIL ENGINEEB ANO AaCBITECx's JOUBNAL. 

Sir — In your number for last month, which contains an account 
of the steam-engines and iiour mills recently constructed by us for 
Smyrna, you have questioned the fact of those engines consuming 
^*^ ksa than Sib, of amk per horse-power per hour ; " and add, that you 
cannot believe such a statement to have been made with our sanc- 
tion ; we should manifestly be wanting as well in a natural desire 
to do justice to ourselves as in a proper regard for our professional 
reputation, did we not avail ourselves of your pressing invitation, 
or challenge as we may rather call it, to verify or disclaim that 
statement through the medium of your columns. We sliall there- 
fore begin by saying that such allegation was made with our entire 
sanction. So far, however, from its being so extraordinary and 
unprecedented a performance as to have furnished grounds for 
your uni|ualified sceptici^im, we find t/ou have long since borne tes- 
timony of having witne^jneii ^^(he gratiftfing fad'* "^Hhat a rotatory 
fly-wheel engine for land purposes can be made to do with Sib, of 
c&al per horse-power per hour;" for if you will turn to your Journai, 
Vol v., p. 109, you will find an article emanating from your pen, 
in whicli you report a double-cylinder engine constructed by 
Messrs. Renuie, and erected on the premises of Mr. Thomas Cubitt 
at Pimlico, to be working at 2^ lb. of Graigola coals per horse 
power per hour ■ neither is this "the full indicated power," 
but the actual duty, you yourself having deducted from the indi- 
cator diagrams an ample allowance for "friction, the power con- 
sumed by the pumps, &c.," a deduction which you seem to infer 
may not have been made in otir ctue. 

As the Smyrna engines could not have been put to work until 
after their erection at Smyrna, we cannot furnish you with any 
indicator cards of their performance; hut we can, if you think it 
neeesaary, after reference to your notice of the Pimlico engine, 
band you indicat<jr cards of other engines constructed on this prin- 
ciple hv us, from which you will see that the statement made by 
the public journals was a very moderate representation of their 
rate of consumption. 

We do not profess, as you suppose, to have made any new or 
important discovery in the principle of double-cylinder expansion. 
All we claim is the simplification of the arrangements bv which the 
number of parta, the weight of material, and amount of workman- 

It 
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ship are proportionately reduced. Besides an obvious decrease of 
cost resulting: from these improvements, it is manifest that the 
dispensing: with several working parts, as the parallel motion, 
beam and its gi^dgeons, connecting-rod, &c., must, to some extent, 
(by reducing the friction, vis inertia^ and momentum), economise 
power; and we think it requires no great stretch of credulity to 
believe that same economy of fuel must arise by these reductions 
from the arrangement in the Pimlico engine, and which you report 
to be working with 2^ lb. per horse-power per hour — certainly an 
excellent performance, but not in any way superior to our best 
engines. 

Having said thus much in justification of our claim to notice, 
and in confirmation of some of the facts given in the public jour- 
nals, we think it will not be out of place to advert, as an interest- 
ing matter of history, to some of your remarks when treating of 
double-cylinder expansion, especially as regards the first introduc- 
tion of expansive steam, both in the single and double cylinder, or 
in what you have termed the "Watt and Woolf engines," as well 
as to some other observations you have made on the subject. 

It ought to be more generally known than it appears to be, that 
the credit of having first propounded '^double-cylinder expansion" 
is due to Jonathan Hornblower, and not (as you hare assumed, 
and is very frequently supposed) to Arthur Woolf. Hornblower 
patented the system, with ample and efficient details, in 1781 ; that 
is to say, twenty-three years before 1804, the year in which you 
have stated Woolf published the discovery. The following ab- 
stract from Hornblower's specification will show that he fully de- 
scribes this species of Engine. 

^^First^ I use two vessels in which the steam is to act^ and which in 
other engines are called cylinders. Secondly^ I employ the steam after 
it has acted in the first vessel^ to operate a second time in the other by 
permitting it to ejrpand itself^ which I do by connecting the vessels to- 
gether^ and forming proper c/iannels and apertures whereby the steam 
shall occasionally go in and out of the said vessels^ S^c," The descrip- 
tion and illustrations of Hornblower gave a complete arrangement 
of valves and other details, and rendered the system perfectly 
practical, so as to leave nothing wanting to the full development 
of the double-cylinder expansive engine. Most of what has since 
been done is due rather to the progressive advances towards a- 
more perfect system of manipulation, and to that simplification 
and just proportioning of the parts which experience only could 
have warranted. What Woolf did was to bring a mind of a highly 
practical turn to bear on Hornblower's system, and in this he was 
so successful as to be fully entitled to rank as one of the first on 
the list of eminent constructors; for, although commencing as he 
did under a delusion and a fallacy, as regards the rate at which 
steam decreases in pressure while expanding, there is no doubt 
that it is entirely owing to his ready appreciation of the value of 
high steam when used expansively, and to the practical skill by 
which he made it available in the mining operations of Cornwall, 
in despite of practical difficulties and (more formidable still) of a 
powerful and prejudiced opposition, that Cornish mining has con- 
tinued to be of its present extent and importance — since, but for 
the large reduction in quantity of fuel consumed by pumping- 
engines from what it was in the days of Watt, many now profit- 
able mines must have been abandoned or remained unworked, as 
the cost of fuel would have exceeded the value of the ores, and 
precluded those further researches which have from time to time 
led to the discovery of the most valuable mining treasures. We 
may add also the more important fact, that it was in a great 
measure owing to the economical results as regards fuel, resulting 
from Wooirs success in Cornwall, that the expansive system has 
obtained so generally the sanction of our best practitioners, as is 
evinced by its almost universal introduction. 

The pumping-engines of Cornwall are, with scarcely an excep- 
tion, constructed on the principle of expanding steam in one 
cylinder; and you are quite right in stating, that the double-cylinder 
system is inferior for pumping purposes. 

There is no question that single-cylinder expansion, if the load 
can duly be proportioned to the efi^ort of the steam from its first 
impact on the piston to its minimum of effective attenuation, will 
produce a greater absolute impulse, or, as it is termed, a better 
duty for the volume of steam consumed, than if the medium were 
a double cylinder. It is thus that the power of the single cylinder 
is given out in the pumping-engines ofCornwall; and whereby the 
consumption of coal has been brought as low as 1*75 lb. per horse- 
power per hour in the best example, for by the introduction of 
the plunger-pump, the power of tne engine t>, when the piston is 
subjected to the highest steam pressure (that is to say, before the 
supply from the boiler is cut off), exerted to overcome the vis 



inertia of the pit work, besides its unbalanced weight, the ediiimii 
of water beinp: then at rest. Once in motion, the duty is that of 
overcoming little more than mere gravity; and ultimately the 
extreme expansion of the steam, as the piston approaches the bot- 
tom of the cylinder, serves to check tne momentum of the pit- 
work. The column of water is raised on the return stroke, not 
by the direct effort of the steam, but by the gravity of the unba- 
lanced weight of the pitwork. The piston of the engine ascending 
in equilibrio, as regards steam pressure, it will readily be perceived, 
that by these arrangements, the efforts of high steam at, and a 
little beyond, the commencement of the descen£ng stroke, its sab- 
sequent expansion as the vis inertia is being overcome, and its 
gradual attenuation as it approaches the termination of its course 
(where the efforts of momentum and pressure should both be 
exhausted), is better and more simply, as well as more philosophi- 
cally employed than it could be by the double cylinder ; wherein 
the main distinctive feature is an approximation to uniformity of 
effort, and which is, on that account, so far inapplicable to the 
moving a load presenting the changes of resistance just stated. 

It will be corollary to the preceding conclusions, that the import- 
ance of preserving a due relation between the power and the load, 
renders it as desirable that the power of a rotatory machine 
should preserve its uniformity, as that the power of a pumping^ 
engine, under Cornish arrangements, should be unequal. Hence 
it is solely owing to this approach to uniformity of effort, that 
double-cylinder expansion possesses any advantages over the single 
cylinder whenever the power is employed to produce rotation. 

We believe you will find you are wrong in stating, that single- 
cylinder expansion ''is very commonly adopted in cotton spin- 
ning;" for, on the contrary, if we are correctly informed, the 
employment of double-cylinder expansion is becoming very exten- 
sive in the cotton factories; and manufacturers are thereby enabled 
to spin cotton thread as fine as can be produced by water-power— a 
result wholly unattainable by single-cylinder expansion. 

It is common to call the fly-wheel a reservoir of power, and it 
is quite true that it is so; but this property, imperfectly under- 
stood, leads to a popular mistake. The notion that revolving 
bodies must rotate uniformly, is so closely allied to our impressions 
regarding circular movement, that it is difficult to divest the mind 
of the idea that it is otherwise; and hence it is seldom duly con- 
sidered, that to be a reservoir of power, the fly-wheel must have 
an intermittent velocity. 

The fact, however, is, that so far from being, in any instance 
whatever (as it is frequently supposed) a perfect equaliser of 
unequal efforts, it is entirely owing to the necessary changes in its 
velocity that it becomes the reservoir of those exces<!es of power 
which arise from unequal impulses; since, as is obvious, such 
excesses can only be absorbed into the fly-wheel by the fly-wheel 
acquiring an increased velocity; and that they can only be given 
out again when required to overcome the load or resistance by 
losing the momentum due to the increased velocity, and conse- 
ouently losing the excess of velocity the fly-wheel had acquired. 
Or it may be more clearly stated thus: the velocity, and conse- 
quent momentum of the fly-wheel, are conjointly increased or 
diminished, in an assigned proportion, as either the load or the 
effect to increase it are in excess. 

We see, therefore, that however the dynamic efforts of expand- 
ing steam may economise fueL its great inequality of effort, when 
given through the medium of a single piston, would forbid us to 
avail of that property to such an extent as to oe of an appreciable 
practical value in cases where great uniformity of motion, as in 
cotton spinning, grinding corn, and several other delicate opera- 
tions, are the prime consideration. 

Even a perfect uniformity of effort on the piston, must, in all 
cases when applied to a reciprocating engine, entail some inequality 
of motion in the mill work. Such ineauality, however, is reduced 
to a very small amount, by the employment of a pair of either 
single-cylinder non-expansive steam-cylinders, or of double cylin- 
ders acting expansively. We need not add, however, that the 
double-cylinder system must (as you have properly shown in your 
notice of the Pimlico engine) prove by far the most economical as 
regards fuel. We are, &c. 

Greenwich Iron Works^ W. Joyoe & Co. 

March IBM, 1850. 

*^ Our professional brethren will not fail to perceive, that the 
letter by Messrs. Joyce and Co. is of a compound nature. In 
part, it is a reply to the remarks we made in our last number; 
m part, it is historical, and elucidatory of the action of the fly- 
wheel, and of the systems of pumping, as adopted in Cornwall; 
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i|ii|iftrt^ tt a^4»>rds with the opinions we hnvt expressed; and, in 
uarl, it ifiveft a tone and colouriog to our observatjons^ not justified 
Wthe statements we have made* Divested of extr^ineous matter, 
Messrs. Joyce and Co, candidly acknowledife to the following: — 

That it was with their etitire ^auction ntid npprovaJ, our contein- 
porar^f^-' -^--r^rted that in en^nes coristmcled by them, the 
COO*^ ►f fuel is less than S Ih, per horse-power per hour; 

mkiii\ ^if M fyxtetfh it f> about 19 lb. 

That the Smyrna Steam Flour Mills hud not been put to work 
in this Icinufdom (which, of course, is what we expected) — there- 
fq/rty that the given rate of consumption, jier horse-pc^wer per 
kttr — equat to 3 lb., as above — was not the result of experimental 
t^s made with those engines, but of other steam-^n^ines made 
b; the firm. 

That they do not profess to have made any new or important 

teovery in the principle of double-cylinder expansion (nor did 

wsuppose that they had conteni|ilated milking any such profes- 

aon, notwithstanding their assumption to the contrary): — they 

fUle^ therefore, all that they claim is, the simplification of the 

inan^ements liy which the number of parts, the weight of the 

nateria]^ and the amount of workmanehip, are proportionably 

reduced; and, by which, there is a decrease in the cost of con- 

Btruciion, and a diminution of friction, via inert i<r^ and momentum, 

MeBsrs, Joyce and Co, acknowledge, that we are "quite right" 

in the statement we have made, that the double-cylinder system 

I ii, for pumpinp^ purposes, inferior In effect to the single-cylinder 

' t&gine; and they append the following remark h: — '* There is not a 

question that inngk-cyUnder ejtparmott^ if the load cjin duly be 

proportioned to the effect of the steam, from its first impact on 

tlie piston to its minimum of effective attenuation, wili produce a 

^mier abmiutc impuite, or, as it is termed, a ttetti^r dutp^ for the 

vvlome of steam consumed, than if the wedium were a double^ 

ty tinder J' 

After these candid admissions, there ere hut few differences of 

, opinion between Messrs, Joyce and Co. and ourselves. Those dif- 

[l^rence^, however — few though they be — are of such importance, 

wmBheaify^ that we must be permitted to make some comments. 

CofToSorative of the correctness of their statements, as to the 

■nperior yield of power by double-cylinder expansion^ by a given 

taoBStimption of fuel, over single-cylinder expansion, Messrs. Joyce 

ftnd Co. bring to their aid some statements, published by us, in the 

Journal for April, 1842, 

— "We feel much indebted to the Messrs, Joyce, for having drawn 
nr attention to that article, published by us ho far back as eight 
ears ago. Messrs. Joyce and Co., however, in making reference 
» tbat artiele, have made an ^'.r/j^zjYc statement. They have, in 
Ytnstjunce^ and in others, when alluding to our remarks, shown 
ingenuity than ingenuousness, by making it appear that our 
vations are U4 they amid wish t/tefu to be^ rather than as what 
bey are. In illustration, we will make a few extracts from the 
aper published by us in 1842, which will develope a wonderful 
coincidence of oninion as ent«rtaiiied by ourselves, and impart 
|uite a different character to the remarks we made, than what the 
Ktracts made by Messrs. Joyce and Co, would have a tendency to 
dprees. Those extracts are as follows; — 
** A certain quaatitj of the power which an engine cierls it rierted in 
Ofercoming its own friclian, tilting the water which hat accrmipIUhed this 
condeniation of the itftm out of a vacuum. &c. The te rcn, horse pwwer, ii 
uied to denote the available qiiantiiy of [irm^r which an engine it capable of 
furniibins far any useful purpoie, and ia, lberefi»fe, the excel* of the power 
produced^ orer the power coniumed hy the engine itBelf, Any eitimate of 
the power of an engine^ baicd on the atancDption ibat the whole power 
cierled by the piiton it the true me&iure of the engine'* beneficial exertion, 
i», lheref(»re, fallaciout. An allowance of one-eighth of the power at being 
coniumed by the engine itie]f,ii a luual and moderate allowanee^ 

** The aii»ount of economj to be obtained from ateam ivorkiag eipanairely 
If prtcuely the tame, whether the expanthn taket place in one or two eiftin- 
4crt. The use of two cylinders lerTca to equaliie the tctior>, artd to dimi- 
aMi the atrain thrown upon the moving parts ; but it is questionable, trhe- 
ther (he grrategi HuetuathH of pre»»ure, when only one ey Under i> used, 
mngkl no/ tte rendered equatiy iuatrumental in the production of a regular 
motinn, tiiHpty by ujtinff a larger fy wheels or drimny the Jfy wheel at a 
^ea/er tfetocity; and whether it it not quite at timple to increane the ttrengt/i 
^f the mopinff partt a little^ at to add an additional cylinder and pit ton, lo 
prcireDt tbeta from being aubjected to ao great i ttraia." 
A|rain : — 

" la common rotative engines, which operate without ej^pantion^ the ordi. 
■arjr eontamptlon of coal is 10 lb. per hone- power per hour. But the bone 
powef" (of an engine, practicallv) '*ij usujlty found to be about 52^000 lb. 
raised one foot high, in ■ minute, whicli is equivalent to 26 20B miUions 
titmd one fool high by a bashel of 8i lb« of coiL Some good engines, 



however, operate with in effective preiiura upon the piston of 13|lb. per 
square inch v 60«000 raited one foot high for a hone power *, and a few 
aacend aa high ai 66,000 per horse power, without employing highptessure 
tteam. The engines consume adttut 8 lb. qf coattper nominal horte power ^ 
or -I lb. of coal per borse power of Watt. The con&uroption of coal, in thif 
engine" (the Mesirs. Rennie's, or the Pimlico engine) "is 1323 lb. per hijur 
y^y^ ■» 2 '5 lb. per hone power, per hour." 

In the preceding extracts, it will he perceived that we have 
made a marked^ and an unerring dit^tinction, between the nominal 
and the actual duty of ^team-encrines, and the quantities of coal 
consumed in either case; and that we have stated the average 
consumption of coal, in the best engines, to he S lb. per horse* 
power per hour when estimated on the nominal, and i lb. when 
CBtimated on the actual power* And we have further qualified 
our statementSj with respect to the duty of Messrs. Rennie's 
engine, by stating that when, for the actual duty of the single- 
cylinder engine, the consumption is 4 lb. per horse-power per hour, 
it is at times when the steam is* mit expanded, and not at high 
pressure, both of which, when combined, would reduce the amount 
of fuel as usually consumed. 

These statements are very* different to those made with the 
expressed aanction of Messrs. Joyce and Co., which make it appear 
that their engines consume less than 3 lb. per horse-power per 
hcmr, ^^ while engineJt under th€ tdd ^t/nteni vousu me alMmt 12 lb,/* and 
which, as it was likely to mislead the public, called forth our 
remarks and animadversions. If 12 lb. per horse-power per hour 
be given on the nominal jHWjer of the single-cylinder engine, so 
also ought the 3 Ih. on the dyuble-cylinder. It ought, also^ to be 
borne in mind, that the ctmssumption of fuel, as given liy Messrs, 
Joyce and Co., is for double-cylinder espannioH^ with high-preiisure 
steam^ and for si ngle^cy Under non-4\Tpafi»ion^ with steam of low- 
pressure — a statement much in their favour. We therefore cannot 
aceord with the final oh»iervation in the Messrs. Joyce's letter, 
*'that the double-cylinder system must prove by far the most 
economical as regards fuel." Nor can we give our naitction to the 
statement made hy them, that we have very properly shown that 
it is so. Our opinions, as published in 1B42, and thni^e recently 
avowed, forbid any «ucb interpretation of our tbuugbts, and are 
diametrically opposed to an)'^ huch construction of them. 

The * Treatise on Mechjuiics,' by Dr. Olintbus dregory, is in the 
libraries of mos^t engineers; therefore, the merit due unto Horn- 
blower, and the coiitrnversy between him and Messrs. Boulton and 
Watt, are well kntiwn. Still, as Woolf brought the double-cylin- 
der engine into practical operation, it is customary with practical 
men to denominate such construction, the ^' Woolf-engmeJ In the 
article to which Messrs. Joyce atid Co. have referred, as published 
by us in ISiS, we have given unto Hornblower his full meed of 
pmise for that invention* We think, tberefore^ it is scarcely fair 
of Messrs. Joyce and Co. to assume that we were ignorant of the 
matter, with that article before them. In the papers of several of 
our contemporaries on the Snitfrria Steitrn Fhnr MitU^ which 
appeared with the express sanction of tbe Messrs, J(»yce, and 
which we reviewed in ttur last number, it is called the ^^Wnotf-tti' 
^f lie," not the Hurublower; therefore, out of deference to them, 
and to public opinion, we gave unto the double-cyliuder-engine its 
usual deooniiuation. 

Messrs. Joyce and Co. must pardon ns for giving an unqualified 
contradiction to their construction of our statement, *^that single- 
cvliuder expansion is very commonly adopted in cotton-spinning," 
We said nothing of tbe kind. What we did say was tbi«: — *Uhe 
ejrpanaitfe tytdent in now v^rif commtmitf adopted to rotatory fly-wheel 
engines by our Ik^aI cugincerfi; and we ourselves were principally 
instrumentiil to \ts first ndttptution to tbe delicate processes of the 
cotton nnmufacture." Our language, therefure, will not admit of 
any such twisting. We are aware that Mr. Mac Naught, as stated 
in our last number, and that highly eminent firm, Messrs. Ben- 
jamin Hick and Son, of Bidton-le-Moors, Lancashire, are re-intro- 
ducing, w'lik certain mtKlilications, the double-cylinder exuausise 
engine, and applying it to cotton-spinning processes. But we 
must be permitted to entertain the opinions we avuwed in 184*2, 
and reiterated in our la«t number, as to the relative merits of the 
^V^att and Woolf steam-engines, until we be furnished with data of 
the most unquestionable kind, as to the superiority of the latter. 

In concluding, we must state our opinion that, although we 
difler from them in opinion, and they have, in some instances, 
given a tone and colouring to our statements not warranted by 
facts, we think much merit is due to Messrs. Joyce and Co., as 
construct i ye engineers and makers of steam-engines, and for the 
candour of their present communictition. — En, C.E. & A. Journ ai.. 
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Bomhajf CoiUpn^ and Indian Railvpa^s, By Lieut.-CoL €. W. 
U&ANT, Bombay Engineers. Loodoo; Longman^ 1850. 

It seemH hard to say that this hook is a ftood one, and that we 
set ourselves against it; and yet »t i« what we are bound to say. 
Colonel Grant advocates a line from Bombay by Poona, in nre- 
ference to that by the Malsej Ghaut: but we withhold ourselves 
from going into that, for though the fight may seem to be about 
one Ghaut or another, in truth, the whole buaines* of railways in 
Western India is at stake. 

The great evij hitherto has been the standing still: the govern- 
ment have at length been got to give leave for something being 
done: and it would be nothing short of madness to onen the busi- 
neiw again. The government are bound to the Great Indian Penin- 
suln Company, and a line has been laid down for the Malsej Ghaut; 
ajid now, after so many years lost— aye, even this year lost — ^a 
beginning must he made. It may very well be said that the line 
by the Malsej Ghaut la the worst that could be chosen; but it has 
been chosen^ and we must stand by it. The Colonel saya^ 

but though it may never be too late to mend, we must say this 
time, it is never too early to begin. Already, a Hindoo king has 
undertaken a tramway from Baroda to Tankiiria Bunder; and once 

get a railway going, other kings and other monied men will be 
rought to take a share in carrving out Indian railway:;. If the 
Colonel be followed, we shall fxave, as before, several years lost; 
and what may be the end no one can telL Perhaps his railway Uy 
the Bhore Ghaut might go on— perhaps, after all. that by the 
MaWji Ghaut would stand good: but what is most likely, railway 
men in England and India would be so sickened, that no money 
would be forthcoming. 

What was to be looked for has happened; once hold oul a hope 
of railways for India, and every one wishes to have them in his own 
neighbourhood, and nowhere else, if he can help it. Col. Grant 
speaks out for Poona, one of the greatest towns in the west — the 
next to Bombay, and, as It miry be said, the fir?^t step inland. 
We think there ought to be a Bombay and P(Jima railway — we 
strongly believe there will be one; but nevertheless, we do not 
wish the MaLsej Ghaut line to be stayed to forward a railway to 
Poona, Indeed, we believe the making of the Malsej GImut line 
the best way for hastening one to Poona, Colonel Grant himself 
thrown some li^ht on this. Make the Great Indian Peninsula 
Railway, and a Poona line will be made. If, indeed, the business 
be opened afresh, and Poona should win the day, still five or six 
years will go by before anything is done; whereas!, if the Great 
Indian Railway be opened in that time, such a start will be given, 
that railways must be nude to Poona, and wherever they are 
wanted. 

Colonel Grant is a man of high standing, and of great know- 
ledge, and has fought well for hi;) side; hut we shall neither Ktep 
in for him or against him. We shall leave Mr. Chainimn, the 
founder of the Great Indian line, to answer fur himself and his 
undertaking. All we care for is, railways for India; and that we 
think is best got by upholding the East Indian and Great Indijm 
Peninsula Railways. Holding back, as we do, from the ColDnel's 
plan, we must not be misunderstood, and thought to withhfdd our 
meed from his book. It is one of the best which has been written 
on Indian railways, and one out engineering brethren ought to 
read^ as the writer having a deep knowledge of what he is nboutj 
has thrown great light upon it. He is wholly for cheap works and 
light engines; and he goes at some length into the details of build- 
ing and working, not being one of those who pull down without 
setting up somethini? in its stead. His is a hook, indeed, which 
upholds the credit of the Indian engineers, and shows how ready 
our eastern brethren are to keep up their professional knowledge, 
and carry out everything which is new and j^ood. 

What Colonel Grant says when writing about cotton, will be 
read with some interest, as showing the great income got from the 
water-ways of India. Colonel Grant himself shown how cheaply a 
water-way could be made in Guzerat, between the Taptee and the 
Nerhudda. so as greatly to further the growth of cotton; though, 
as the Malsej Ghaut Railway has been put fi»rward as a cotton 
railway, the Colonel, on behal/of the Poona people, wishes to showr 
that the great cotton lield is tmi inland, but in Guzerat. After 
all, he allows that railways woidd do some good for cotton* 



Thf Gmgraphy cf Great SrUain. Part I. England and Wales. 

fly G. LoXG, Sl.A., and G. R, Porter; the Statistical Division 

by Hydb Clabjle. London: Baldwin, 1850. Octavo. 

An exceedingly cheap and perfect work, containing a complete 
physical geography and political tonography of i<<ngland and 
Wales. It is ot great consequence tnat an engineer should be 
acquainted with the physical geogranhy and geology of a country, 
more particularly of that one of whicn he may be an inhabitant. In 
this work the rivers, valleys, mountains^ and other physical charac- 
teristics are fully de*H"ribed. The climatology of the country has not 
been forgotten, and several interesting tables are given. The im* 
porta nee of this subject has been recently impressed on our readers 
ty a writer in the Journal, £ach county, with its principal places, 
is described with great clearness, while at the same time a full de* 
scnption of the trade, antiquity, and population of each pbu^e is 
given. 

We cannot sneak too highly of the statistical portion, which 
contains a complete view, in a condensed form, of the whole body 
of statistics relating to Pln^land and Wales, brought up to the 
present time. The population of every town, incruding all the 
new ones, is given, which is very useful. The ordinary returns 
merely give that of the parish, which is generally of no ser- 
vice, it being very different from the actual town population, which 
is what is required for statistical purposes. Every department of 
trade is attended to, the imports and exports of every article being 
meotioned, with the number of persons employed. The number 
of professional men returned for Enj^land is 117,697, architects and 
en(2[ineers bearing the respective proportions of 1,45S and ^QS, 
The index is well arranged, which is a point of considerable mo- 
ment in a work of general refei ence. 



Sug^sMted Lcgialatmn^ with a View to th« Improvement nfthe DtttHingt 

of the Poor, By G. Poclbtt Scbope, Esq. M.P. London: Ridg- 

way, 1«49. 

Mr. Poulett Scrope has distinguished himself by the promotion 
of practical measures for the benetit of the workin^'-classes, and 
particularly with rejyrard to dwellings. Certainly, one of the first 
things to be done is to have good house-room for the whole peuple . 
and it is quite within the power of our lawmakers to do this, if 
they honestly wish it. Brick, stone, and lime are to be found all 
over the land; there are worknieu enough; and, so far as that goes, 
a palace might be built for every one in England. There is the 
same plenty of material for schools and churches. There i« no 
industrial stumbling-block. 

Mr, Poulett Scrope proposes three measures — First, to exempt 
small tenements from rating; next, union rating; and third, 
facilities for granting cottage site^. The first has become a 
purely political dii^cussion, and is beyond our bounds; the next 
may be C4>nsidercd a measure affirmed by the common wish, and 
on its war to accomplishment; the third is a step which nothing 
but the blindnei^s or lawmakers can long hinder. 

At length the duty has been taken off bricks, which will do 
something for carrying out Mr. Scrnpe*s wishes; and we have great 
pleasure in congratulating the profession on the putting-down of 
this hurtful tax. Not only was it a hindrance in the way of enter- 
prise and of arty but it kept thousands out of employment. It 
will he none the least benelit from getting rid of the excises on 
bricks and glass, that a great field of employment has been opened; 
and the next steps are abolition of the taxes on paper, carriages, 
and men servants — all of which, iusteiid of being levied on Juxnry, 
are in truth levied on industry. The trade of cariage-building 
however high it stands in this country, is much kept down by the 
taxes on carriage-owners, to the great loss of maaters And 
workmen. 



Architectural Sketches — IMtf (drawn on the fpot hy the Author J; 

annprmng Villa Outiinej*^ Dotjrwayit^ Gateway »^ 6^r, By T. C- 

TiNKLEft, Architect, 

We presume fr«m the title that it is Mr. Tinkler's object to give 
oilier illnstralions of his architectural tour, besides Italy. The 
present part contains many designs of interest; but we would 
suggest to the author, as there are «o many inquirers into authori- 
ties for Italian villa architecture, that it' w*>uld add much to the 
^ alue of the work if mare details were given, and, in some cases, 
plans. 
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AreMtictural Pubiication Sf)ciefy^ Part I. New Volume. — The 

Cnavr out is nn eATtieM for the vohime of 1819.50, showing 
good faith will he kept witli the s?iippi>rter« of the Societjr, 
«yie ft is announced that a second pnrt is in progress. Among 
II0 present suhjectn of illustration are Cntacomb, Corhel, Facade, 
fonftnre,, Ijoggia, Screenwall, Staircase, and Tomb, and a colonrad 
plrte is promised with the next part. Many examples are given 
«Meli will be new to the profession. 

(hi Cnptfiight in DeBtgn, By Tuoitjis TrRNi-i^n, Esq*, of the 
Middle Temple. — A work wliich contains much useful matter on a 
ttbjeet now of great interest to the mechanical clasf*e«. We would 
St to the author, that in a second editiun an index should be 

40 IntmUC'rs of Improvements in the U^fkU Arts, By 

TrnxEtt, Esq., of the Middle Temple.^A popular and 

; dissertation on patents and inve[iti(»ns^ n it)i many anec- 

and Mmmmmitt, By G. GonwiN, F.S.A, Part VI.— 
Wf have already spoken so frequently in commeudatiou of this 
ilMip And u^^ful workj that we can do notliing more than record 
il progreas. 

GmU on the Vahtatkn of Ecclemagtical Propert^.^A useful little 
f<irk, explaining the nature of ecclesiastical property, the valua* 
lion of which m necessarily not understood by the profession gene* 



m FURNITURE AS 



OF DECORATIVE 



A BRANCH 
DESIGN, 

[rmST ARTICI*K*] 

Wsms the matter itself regarded and treated as one of no im- 

^•rtanee— were we content to abide by usefulness and convenience, 

WitiiafKl Riming at anything further, we could not expect that any 

•htdy should he given to the subject of Furniture, as a branch, 

thongfi perhfii>s a siibordinate one. of artistic design; hut as pre- 

t iiiih ' tlie reverse is the fact, and as next to architecture furniture 

dms opportunities for exercij^ing taste and invention, and that 

ftol * ' ^^ionally but daily, it is aomewhat surjirising that 

notli .'ver hns been written concerning it, beyond a few 

^^M||tvni ;jiiu incidental remarks. Neither Hope nor Percier have 

^^^^ped into the subject, or attempted to lay down any guiding 

HMKiples of correct ta«te; but have contented themselves with 

HtMrely exhibiting their designs, and prefacing them by some de- 

Vndton^ general observations. Tasteful, too, as their designs are 

upon the whole, they betray not a few incongniities, and, in some 

^urtsnces, a most disagreeable mixture of excessive plainness with 

wcess of ornament. Speaking generally, furniture-design mttybe 

nid lo be made altogether a matter of empirical practice. We 

rquently see very great skiU of workmanship and great beauty 

vi material expended upon objects of tlie kind, witli scarcely any 

"Ittentinn to elegance of form; the lafit being in some instances 

ompletely marred by ornament that serves only to enhance both 

iir and cost. With both the producers and 'the purchasers of 

tore, sound good taste is but a very secondary consideration; 

He the former look chieHy — and naturally enough too — to their 

immediate interest as manufactiirei*s luid tradesmen, the others 

^—flonsult only lasliion, or are guided by individual fancy ,'ilone. 

HneHher party is capable of properly directing or correcting the 

^Nai»le uf the other; nor ij* it strange that such should be the case, 

when furniture is looked upon as having nothing to do with art, or 

«ri with i^t, but as being altogether lawless and when with regard 

I0 **t»ete'' meaD!i little more than "whim." 

Some there are who are either quite indifferent to eveiything 
GOiMMCted with amnibiement — a<i was. for instance, Goethe, although 
«iherwise by no means destitute of formensinn und ©sthetic sen* 
Sty — or else affect to des-pise all such matters as partaking of 
ivoDtv and effeminacy; and we may veijiafely leave them to 
-^ — their philosopliicid contempt, there being no danger whatever 
1 becoming an epidemic. We ourselves adopt Mr. Fergusson's 
ophy: '*At present," says that able writer and original 
"the art (viz. of furniture) is? entirely in the hands of 
ejjers, and, of course, l»as no right to the rank which I have 
\ it. Vet there are instances even in this country, and at 
ent day, where one presiding mind, under the guidance of 
TtRste, has taken the requisite trouble to elaborate the whole 
n, and where the carpets, curtains, and furniture have been 
grouped into a whole of no small beauty and elegance. It ih not a 






high art., but it is one capable of a very considerable degree of 
reHnemeut; and from the circumstance of its being an absolutely 
necessary one, and its objects always present, it is capable of 
exercising no small degree of influence on the tone of the mind, 
according as refinement or vulgarity may predominate/* — wbiok 
doctrine, we may observe- has been successfully c^trried out 
practically by the writer himself in his own tastefully fitted-up 
and embellished residence. 

After all, it will perhaps be said, all objects of the kind BOom 
grow familiar to the eye, and oeaac to afford any positive ei^oy* 
ment. The charm of novelty, of course, wears away, the fir^ 
emotions of vivid delight gradually t»ober down; but so ia it with 
a prospect, however beautiful, w hich is daily viewed from one's 
windows. In the one case as in the other, the charm of novelty ia 
succeeded by the more quiet and silent gratification of babit. Aq 
atmosphere of taste and artistic beauty i« produced, whose cheering 
influence is permanently felt, although it is what is unnoticed, and 
a1jk» what hardly admits of being explained. All| indeed, that 
rcocmimends itself by the mere vogue of fashion, or by glare, 
glitter, and showiness alone, soon palls upon the eye, — we becotne 
cloyed with it, and wish for change. Really good ta^te, on tha 
contrur}% carries with it a permanent charm, and a nameless fasci- 
nation. Such ta^te, too, is, atiterin paribus^ the cheapest and rooat 
economical of any — albeit, not very cheap in one sonae, since it lA 
not to be bought; there is no mart where it is sold ready-made. 
Still, it i^ iu itself the most economical, because capable of pro- 
ducing effect with the minimum of means — never wasting any of 
the means at its command; and also because it never stales, but 
poeiiesBes an endurable power of charming. Independent of mere 
fashion from the first, it never becomes '""old- fashioned,*' like thai 
whicli, destitute of intrinsic artistic merit, recommcndii itself only 
by being in the passing mode of the day^ admired for a brief w hil«u 
and then not only discarded, but perhaps held up to derision and 
ridicule. Time settles a good many questions ot ta^te; notwith- 
standing which, there is just now a most unfortunate disptMsitionto 
revert to much false and even depraved taste which, whether oa 
that accounts or merely owing to the changes of fashion, had very 
deservedly been exploded, yet is now again brought into vogue by 
the prestige of names — Renaissance, Elizabethan, Louis Quatorxe, 
&c. — and in consequence of the demand for novelty, while our 
designers and manufiacturerss uuable to produce it — incapable of 
extracting what is good in former styles of decorative art from 
then' mere dntss and rubbish — ^merely serve them up aguln, with 
leas of invention and skill than a cook «hows by conierting the 
remains of a cold joint into a savoury hasii. 

Good taste, again, is the most economical, because it works acoord^ 
ing to the means and resources at its command; making the most of 
the means afforded it; never attempting more than can be carried 
out consistently by them. It knows precisely how far it c^in go 
without breaking down; it never errs on the side of too mucn; 
still less does it jumble the ^^ too much" and the ^''too little" together^ 
as is frequently done; and if but little can be accomplished, it 
will make that little appear to he the ^^quite enough." Wasting 
nothings it allows nothing to appeal* wanting; but working with 
well-understood purpose, and putting everything in its proper 
nlaoe, it makes every stroke tclL To idl that it doeis we may apply 
Pope s well known line: — 

" Aad not m vonlir la glvtn In TmLn :'* 

taking vanity in the senae of ornament, whieh is more than cam 
be gencrally'snid of the taste of "decorators" and their employers; 
for theirs is apt to remind us too forcibly of the ^*all is vanity. 
With them, elaboration and ornament are everything — at once their 
forte and their f(»ible — their strength and their weaikness; while of 
character and expression, artistic effect and emrnnbky they take 
no account. They are in decoration what Denner was in painting— 
we marvel at the pains-taking hand, but we miss the artist-miud 
Such minikin taste seems to be jnst now gaining vogue; for although 
decorative art and ornamental design are much talked about, they 
seem to be very imperfectly understood, and to be taken up on 
wrong principles^ if upon any principles at all. 

Now, in our opinion^ ornamental iesign means a very great deal 
more than the merely designing ornament, details, and patterns, 
which are afterwards applied at random to anything and every- 
thing indiscriminately. Our designers and artisans seem to en- 
deavour to conceal their poverty of invention, crudeness of taste, 
and inability to produce graceful and fresh combinations, by a 
profusion of unmeaning, fantastic ornament, which rather encum- 
bers and disguises than emheirishes, though it verj^ seldom conceals 
the insipidity or else the positive ugliness of the article to which 
it is applied. Meet of the designs for furniture and manuiactures 
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which have appeared in the Art Journal^ are open to such cen- 
sure; and even the best of them show very questionable and so- 
so-ish taste, and borrowed ideas — borrowed, moreover, from the 
worst school, that of the so-called Rococo; wild and capricious, 
et imbecile and dull. Instead of grace, or any approach to it, we 
_.ave only grotesqueness and grimace — incoherent shapes tortured 
into such deformity that only the intrinsic beauty of material and 
colour, together with the fictitious value of cost — which is often in 
direct inverse ratio to srathetic value — can render them endurable 
to the eye. No doubt very serviceable lessons may be derived 
from corrupt modes and fashions of design, because from them we 
may learn what are the faults and errors which are studiously to 
be shunned. 

In all those modes which, however thev may be distinguished 
from each other, come under the general denomination of Rococo, 
the taste shown is so very coarse, and the faults so gross, that it 
might be thought the slightest degree of Aesthetic feeling would 
deter from re-adopting them at the present day, after we have be- 
come acquainted with specimens of both classic and mediaeval 
design, which are infinitely superior. Such strange perversity is 
to be accounted for only as verifying the remark, that 

" L'ennni dn beau •m^ne le gout du laid.** 

The perversity becomes all the greater because accompanied by 
inconsistency: with us the preposterous taste which there is now an 
unfortunate disposition to revive, is no longer costume, but mere 
masquerade, put on at the bidding of fashion. So long as it was 
costume, it extended to everything alike — not only to furniture and 
interior decoration, but to architecture itself; to equipages and 
carriages, to dress, and to gardening. The human form was dis- 
£gured by the most extravagant and absurd attire; and nature 
itself metamorphosed, as far as it could be, by the operation of the 
shears, and the application of the line and compasses. In all 
things alike, the unnatural was mistaken for the artistic; the only 
difference being, that while the natural was made to imitate the 
artificial, the artificial was made to imitate the natural. Execrable 
as such false taste must be pronounced, there were excuses for it 
in its own day, which no longer exist; because then, instead of being 
taken up for the nonce, ready made, it grew up conformably to cir- 
cumstances. Clumsy and barbarous as it was, it was not a relapse 
into what had been discarded; which kind of falling back upon what 
once had vogue, merely on account, perhaps, of the name it bears, 
and the reminiscences attached to it, is a totally different matter 
from reverting to it for the purpose of studying and appropriating 
to ourselves its better qualities. To adopt by-gone tastes and 
fashions by taking them just as we find them, is like transplanting 
dead trees. Our own ideas being exhausted, we are fain, for the 
sake of a little temporary novelty, to resort to such as had been 
worn out previously, and into which we are incapable of infusing 
the vitality and spontaueousness requisite for reviving more than 
merely nominally any past style. 

Haa we any fundamental and rationalprinciplesof taste, thesudden 
changes of fashion, now so frequent, from one extreme of taste to an- 
other, could not occur. Change there still would be, but it would be 
gradual, natural, progressive — the result of improvement, and regu- 
lated by motive. At present, those who are artists do not attempt 
to guide or regulate the taste of the public in those matters which, 
however influential upon a correct feeling for art generally, are not 
immediately connected with their own pursuits and practice. 
Architects themselves do not bestow any study upon furniture and 
fittings-up, or on other internal decoration than what actually 
belongs to construction. They do not qualify themselves even for 
superintending such matters, but turn them over entirely to those 
who, however clever they may be in their way, are rather artisans 
than artists — very capable of executing, but seldom capable of 
designing more than piecemeal ornament and detail. No wonder, 
therefore, that we so seldom find completeness of ensemble ana 
due artistic keeping in even the most sumptuously furnished apart- 
ments. Every separate article or ornament may be irreproachable 
in itself, yet the reproach of unequal and careless, if not actually 
bad taste, may be deserved by the discordant assemblage of them. 
An upholsterer's show-room, or a furniture bazaar, or a curiosity 
shop 18 one thing, and a tastefully furnished room quite another. 
Fashion, however, can sanction the most palpable absurdities and 
extravagances; and at Paris, it was for a while, in the time of the 
Consulate, the fashion to assemble in the same room a congress of 
chairs and other pieces of furniture, all differing from each other; 
a whim so outrageous, as to be excusable only as a satirical sym- 
bolisation of political chaos and conflict. 

In his highly interesting comparative view of the material state 
of society in England, and its progress since 1685, Mr. Macaulay 



has omitted to touch upon the subject to which we are rather call- 
ing attention than pretending to treat of it formaUy. Yet it is 
what was surely not wholly undeserving of a few touches of his gra- 
phic pen, more especiaUy as there is now a hankering after what 
smacks of the perruque, or even of Queen Bess's ruff or farthingale 
in ameultlement^— which is, in our opinion, of evil augury to sound 
taste. In a twnd fide old English mansion, contemporary furniture 
that lias be^n a heir-loom for successive generations, is in its place, 
and in keeping with all the rest. It possesses there an historic 
value which reconciles us to its want or elegance. Its cumbrous 
stateliness, and even its clumsiness, is quaint, and carries with it 
an air of the formal aristocratic dignity affected in by-^one times. 
There it is genuine costume, and impresses us like the graphic 
descriptions of similar interiors and their accessories in Scott's 
novels. In Dutch pictures again, and in Hogarth's plates, the fur- 
niture and fashion respectively exhibited in them are the charac- 
teristic stage-properties of the scene; but to imitate things of that 
kind now-a-days, amounts to a confession that we have learnt 
nothing whatever from all that we have become acquainted with, 
have studied, or pretended to study, in the interim; but are just as 
far off as ever from having any settled and rational standard of taste. 
Nay, after having cheated ourselves into the belief that we were 
beginning to appreciate and arrive at a degree of refined elegance 
previously unknown to modern times, we are fain to relapse, by way 
of change, into the fulsome tawdriness and gewgaw fancies of the 
Louis-Quatorze and Louis-Quinze periods, which, if they can lay 
claim to the name of style at all, may be classed with that of the 
pastrycook and confectioner. Such mode of decoration takes cog- 
nisance of adscititious ornament alone, and makes that consist of 
nothing more than mere scallopings, crimpings, and zig-zags ; so 
that in spite of its seeming variety, it is essentially monotonous, 
and even its very freaks oetray barrenness of invention. It is 
capable of but one expression, that of arrogant, purse-proud 
pomposity. 

Instead of turning to such radically vicious and tasteless man- 
ner, we should do better to go back to the days of Adam at once — of 
Robert Adam we mean — who, prosaic and feeble as was his taste 
in architecture, did something to improve the general style of fur- 
niture. Praiseworthy it certainly was in him to endeavour to place 
that subordinate branch of design upon a much more artistic foot- 
ing than he found it. It is one, however, that requires talent of a 
peculiar kind; nor is it every architect who could descend to it with- 
out falling also, even if he would condescend to make the attempt, 
Heideloff, for instance, has done much for the illustration of Ger- 
man mediseval architecture, yet has failed most signally in his 
designs for Gothic furniture, most of which violate every prin- 
ciple of convenience as well as of beauty. The taste which he has 
shown is so truly detestable as to be harmless, since it can hardly 
fail to disgust at first sight; and yet we ought to have our doubts 
as to that, when we find such portentous monstrosities paraded as 
^' admirable designs in furniture," in an English publication which 
professes to watch diligently over the interests of every depart- 
ment of art. 



REMARKS ON THE SANITARY LABOURS 

CONNECTED WITH THE 

DRAINAGE OF THE METROPOLIS. 

" When we inquire what facts art to be made the mateiialf of Science, perhaps the 
answer which we should most commonly receive would be, 'TRUE FACTS,* as distin- 
guished fiom any mere inferences or opinions of our own.*'— WHEWELL : * Philoao- 
phy of the InducUre Sciences.* Vol II., B. 11, p. 19S. 

Thirty years have now elapsed since the inquiry, instituted in 
1819, respecting the supply of water to the metropolis, led Mr. 
John Martin the artist, to the consideration of our water supply— 
the relieving the River Thames from its impurities — and the pre- 
serving the sewage for agricultural purposes^ — the three most 
important points connected with the present metropolitan drainage 
question. 

While it is to be deeply deplored that more successful means 
have not been found or adopted for the more speedy alleviation of 
the evils afflicting the public health of the metropolis generally, 
but more particularly of that portion of the labouring population 
which, for want of time and means, are unable to avail themselves 
of such private remedial measures as are within the reach of the 
comparatively richer part of the community, we cannot conceal 

1 See Second Report of Select Committee on MetropoUa Improrcmenta. Quest. 1987, 
p. 148. 1888. 
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htna ourselves after a due exnniiTiattou of the mi^rit'^ of the 
hboars which have put us in pi»sscsi*inij of the conflicting opinions, 
and, in the majority of canes^ valitJihle evidence emhodied in the 
Reports of the several Comnussioni^ instituted at tlifferent times 
irith a view to ameliorating- our fianitnry condition, tliat thoup-h the 
progress of improvement has heen slow, it has been *z/re — though 
not marked by many of the results we had a right to anticipiite. 
That so irreat a delay lias occurred, h not, therefore, to he attri- 
Imted to the want ("f tnlent and exertion on the part of the public 
Mies appointed to examine the special mean^ reipiisite ; or of 
ibility — so far as the resources of the present existing state of cer- 
iiiD branches of science admit of — of our profes^sional men^ a 
Urge portion of whose contriliutions embody, perhaps, the most 
Tiluable additions that have been made of late years to engineer- 
ing science generally; but in t^ome measure to the want of mch 
dolo as caruiot be obtained from the testimony of former experience 
or former practice, and concerning which the Commi-ssioners have 
wily been able to elicit conflicting opinions, the more diihcnlt to 
d<fcide upon, there being at least a somewhat general agreement 
among the witnesses, as to the inappliancy of received formulae as 
faidea for the framing of future plans — thui^ setting a^ide not only 
tbfljpractice, but also the received theory of former years. 

Ine summary of the questions U* be settled befi»re any proposed 
ireteni can be generally deemed advisable, includes, on account of 
mis dii>iigreement of opinions, a great number of headt^, respecting 
which further investigation beeome^i ctuisequently necessary; and 
ifl order to obtain indisputable conclusions on the majority of these 
points, such investigations ouglit to be founded on trials, when 
possible, of the refpective merits of the different proposals made 
for effecting the same objects, where so proposed, or deduced from 
correct experiments when the same practical means are advocated; 
but a diversity of opinions exist respecting the theoretical means 
of application of such practice, whether in the shape of formula? 
or otherwise, to varying circumstances, simply dependent on mere 
local circumstances. 

For instance — Mr, W. Hosking-^ Professor of Architecture in 
King'ii College, and Mr. John Phillips'*, CE., Surveyor of Sewers, 
advocate the oviform sewer with the small end downwards; on 
the other hand, Mr* Joseph Gwilt \ Art-hitect, Surveyor of the 
I,*ambeth District of Sewers, and author of various works, one on 
the strength of arches, which *^Mias passed through three editions;" 
ind another^ a complete encyclopaedia of architecture — of construc- 
tion in all its branches, prefers turning the oviform drain of the 
abovenamed gentlemen upside down; and argues the advantages 
of the big end o^ er the little end fur the lower side of the sec- 
tion^ but favours more particularlv the vertical- sided form with 
semieircular top and bottom; while the late Mr. Butler Wil- 
Ujiios^, C.E,, and Mr, Henry Austin*, Secretary of the Board of 
Healthy escpress their opinions in favour of circular drains. Each 
of these advocacies id duly backed by mathematical reasons of 
some kind or other (we say of some kind or other, since they can- 
not possibly all be correct); and as the matter to whicli they relate 
belongs to the mired instead of the pure mathematics, it becomes 
extremely difficult, nay, impossible, without actual proofs of demon- 
stration, to give such a judgntent on (^ny such point as would be 
deemed satisfactory by all. 

In the mere exammation of a witness, there are difficulties to 
contend with. The fgllowing is asked: — 

'* Have you bad any experieace, or would yuu stitte it ob a result of which 
I" J'oa bare no doubts that an egg-shaped sfiweri with the broail end down- 
^Mnrdt, wilU with the friimc rua of Water, diicharge more quicklyi and keep 
^■Uftlf clean better thaa an egg-ibaped sewer with the narrow end down- 
^Birard; ? — I khonld sny it would clear itself better because there would be less 
^nHetion upou a circle than tljere would be on Ihe parts of an ellipse ^/' 
^^ Here we have a question, which at first sight seems clear, 
^ important, and well put; but which is, in point of fact, essentially 
^^kultyf inasmuch as the answer is a variable one^ dependent on the 
^»ery condition left out, viz., the heit^hi of flow in the oviform sec- 
^Rion, *Uhe same run of water*' not being a sufficient condition, 
^Kdmitting at it does of the very ooposite answers, accord infr to the 
^^eircumi^tances of "quantity" leit out. We proceed with the 
eWdence: — 

** Do yoQ not Ibink, that la a fact which may be determtaed by actual 
eiperiment ?— No doubt It may/' 

"And ought not it to be } — ^1 can ace no ohjeclion to il whatever/' 

s Wtiut &«port of the Hnlth of Tovm CommiHtontrR. QqmL*"!!)?, p. 39. 

a First n I'^'ttof thr Mftrmpallun Sanitary CDaira)B»ldniijr4. Kvidca^;^, Ni>, 1.1, 

* *■ oianltary CoromlMJonrr*. KimlMiie, Mj. 20. 

* I vo* Commltslonert. Qtti^st. J^t42S, p. ili^. 

* 1^ , I ^AiilUry GommiuioQeri. Evldeuce, ^fo. 2.1. 
f Flut ikporloi the iIctrD|)i;aua Soaltuy CominlafJoiiert, £rt(leflC«|No* *Jt, p. lOU 



A danfrerouts question cautioui^ly answered. A simple unguarded 
affirmative answer would have been an admission of (hubi on the 
part of the witness; but here the answer implies, *'If you wish it 
for your own satisfaction, well and e^ood: as to myself, I ajn per- 
fectly satisfied as to what the result would be." Consequently we 
obtain a derided unconditional answer to a question, which, not 
bein^ Hufficiently explicit, only admits of a variable one. 

We have brought forward an instance, out of many others, to 
show huw difficult it h to deal satisfactorily with matters of this 
kind; and how essential it is to do our utmost to dive&t ourselves 
of all prejudices we may possess for or ai^ain^t aiiy opinion at all 
likely to influence our decision. Unfortunately, ours are many 
and deeply-rooted. Our pure mathematics are indisputable— their 
proofs incontrovertible; but their practical application to the arts 
of life and civiliiiation, requiring data derived from observation 
and experiment, engenders difficulties which render the inve^stiga- 
tion of the applied sciences often perplexing — too often intractable. 
Hence the or>^;in of what are termed "faltic theories* — of the 
diffidence generally shown towards opinions purporting to be new— . 
hence the great distinction made between theory ana practice — 
itgelf a false notion. The miied sciences, as the term implies, 
require, leas or more, certain admixtures of the "pure" ami the 
less certain — of the theoretical and the practical; any bias of the 
mind, therefore, in favour or against either of these, theory or 
practice, as regards ^'^applied" cases, does not only come under the 
head of prejudice, but is, besides, a false imprciii^ion; since, cor- 
rectly speaking, neither can be used independently of the other in 
any such application. We can no more progress in the theoretical 
I investigation of any branch of mixed science, without experiment 
and observatiijn, viz. practice— requiring, as we do, ""new" facts 
I to build upon — than we can hiipe to obtain *''generay' conclusions 
I from mere practire, without inductive reasoning; since ^'expe- 
I rlence cannot conduct us to imi\ er^^al and necessary truths: not 
I to universal, because she has not tried all cases — not to necessary, 
I because necessity is not a matter to which experience can testify/ 
And, therefore, we must insist as strongly against the practice not 
founded on theory correctly induced from facts, as we do £^ainst 
theory not f4mnded on facts correctly deduced from experience* 

When we consider the manr difficulties attending the investiga- 
tion of *Hruth" — when we rerfect on the slow }jrogress of some of 
the inductive sciences — on the tiio frequent want of necessary 
data — and that hydraulics is, perhaps, of all the phvsical sciences, 
that respecting which the least satisfactory results have been 
obtained^ after having occupied the attention of some of the 
leading minds science can boast of — when we bear in mind the 
difficulty of introducing new views, however plausible — of the 
prejudices existing in favour of received practices, however faulty, 
we cannot wonder that the question of the means of an efficient 
drainage of the metropolis is still an undecided one; although^ 
from a careful examination itf the labours of the Sanitary Cora- 
missioners (as we have already said), we cannot but allow that they 
have done much that was uccc^isary towards the end In view — much 
for which the next generation of engineers will thank them, 

In ct^nsequence, partly, uf the difficulties we have thus briefly 
alluded to, thirty years hiive elapsed, as we said before, since Mr, 
Martin's attention vras first directed to the three most important 
questions cunjiected with the drainage of London, without ;inY 
decision having been come to respecting either of them, thoiigli 
the labours instituted by the legislature have, of late years, been 
incessant. His opinions^ however, were not published until 1828, 
when his "^^ first suggestion for not only relieving the river from 
its impurities, but preserving the sewage fur agricultural purposes," 
appeared. In 1830, *Mr. Ainger, the then conductor of the Gar- 
flener^/ Mngnxint^ published in that work hi» plan for *" preserving 
tiie purjiy ot the Thames, by constructing covered drains along* 
the sides of this river to receive the minor drainage/' Shortly 
afterwards, the proposals for improving the banks i}f the river 
were submitted to the Committee for Improving the Navigation of 
the lliver Thismes, whose Report was presented to the Court of 
Common Council, 3rd August, 183'^, and contains some useful 
information on the questions of embanking, and the formation of 
quays. In July, 1B31, Mr. Martin presented to the Select Com- 
mittee of the House of Commons, appointed to inquire into the 
law respecting Metropolitan Sewers, his plan, published in 1828, 
the objects of which were described to be — *'lst, to materially im- 
prove the drainage of the metropolis; 2nd, to prevent the sewage 
being thrown into the river, and to preserve in its pure state the 
water which the inhabitantB are necessitated to use; 3dly, to 
prevent the pollution of the atmosphere by the exhalations from 
the river, and the open mouths of the drains; fiixA, 4tb, to save 
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and apply to a useful purpose the valuable manure which is at 

5 resent wasted by beinfir conveyed into the river." On the l»th of 
une, 1838, he was examined before the Select (.'ommittee appointed 
to conHider plans for the Improvement of the Metropolis; and on 
the nth of July following, his matured scheme ot his parallel 
gewers— the first idea of which, he tells us,'^ was orijpnally pub- 
lished in 1829 — was communicated by him, in a Report to the 
Committee. About this time, Mr. Thomas Cubitt devised hi- plan. 
Meanwhile the Poor Law Commissioners had betMi at work. On 
the 14th of May of the same year appeared the Reports^' of Drs. 
Arnott and Phillip Kay, "On the prevalence of certain physical 
causes of fever in the metrojiolis, whicli niijyht be removed by 
proper sanitary measures;" and of Dr. Soutliwood Smith, "On 
some of the physical causes of sickness and mortality to which the 
poor are pecMiliarly exposed, and which are capable of removal by 
sanitary reirulations, exemplified in the present ctmdition of the 



Bethnal-^reen and Whitechapel districts, as ascertained on a per- 
sonal inspection," which led to the in<iuiry, instituted in 1839, 
respecting the sanitary condition of our labouring population, and 
the production, in 184*2, of the local reports, and the j^eneral one, 
by Mr. Edwin Chadwick, from the Poor Law Board to Sir James 
Graham. We pass over the continued inquiries respecting the i 
state of the Thames. In 1844, the Commission for inquiriuff into 
the state of Larf^e Towns and Populous Districts, was instituted. 
Their first Report appeared in June that year, and tlie second in 
February, 1845; then followed the consideration of the plans for 
the application of the sewage of tlie metropolis to agricultural 
juqwses, and of the schemes proposed by Messrs. Wicksteed and 
Hi^grs— by the Select Committee of 1846— the further inquiry into 
the special means requisite for the improvement of the health of 
the metropolis — the rapid succession of the Reports of tliis Board 
in 1847 8, and the passing of the "Public Health Act, 1848," 
August 31 St — the consequent appointment of the General Board 
of Health — of a first Metropolitan Commission of Sewers, and of 
their Ordnance Sun'ey Committee— of a second Metropolitan (and 
a City) Commission of Sewers — their consideration of proposed 
schemes — their appointment, on the 15th of December last, of a 
sub-committee to report thereon — and finally, the communication 
of the Report, at their special general court, March 15th, 1850. 
Such is only a brief and imperfect retrospect of the chief events 
connected with the desired improvement of the health of the me- 
tropolis during the 30 years' peace. The result of all this labour 
is not of the satisfactory kind we should wish to have to record. 
We are told by the sub-committee, consisting of Sir John Burgoyne, 
Capt. Vetch, and Messrs. Harness, Rendel, and Stephenson, that 
"they have carefully examined and considered the whole of the 

Slans and suggestions submitted to the Commissioners for the 
rainagc of the metropolis;" that "though they do not deem them- 
selves justified in recommending any one of these schemes for 
adoption, as a whole, they yet think that one," out of 116 plans I 
for drainage, and 21 miscellaneous suggestions, "contains many of ' 
the main elements of a sound and practical system of drainage;" I 
but that a portion of this scheme "involves great difficulties," 
and that they "consider it decidedly bad and objectionable." The 
remaining 115 are all deemed less or more faulty or unavailable. 

This conclusion we fully expected. We observed at the begin- 
ning of this paper that the delay which has taken place is not to 
be attributed to want of talent or exertion on the part of the per- 
sons concerned in tlie inquiries, but to the want of necessary data 
on which to build a well-founded proposal. Of the data required 
for this purpose there are two distinct kinds, viz.; — Data deri\'ed 
from local circumstances, indispensable in framing a plan; and data 
connected with details of construction necessarj' for carrying into 
effect a proposed scheme: o'.ir want of the latter kind of data we 
have already endeavoured to illustrate; with regard to the first 
kind the Committee express themselves to the following eflPect: — 
"It is probable, that were we now called upon to deal with the 
drainage of London, as an original question, and wholly without 
reference to previous proceedings, we might reflect that a well- 
conceived and maturely-digested plan of general drainage could 
not be framed without a larger stock of local information of an 
accurate and specific character than could be collected by the 
unaided efforts of individuals, or made accessible to them without 
undue expense and inconvenience. The effect of this deficiency 
of the necessary information has become apparent in several of 
the schemes submitted to us, which, though well conceived, so far 
as regards their general features, are wholly incimsistent with the 
levels and other natural conditions of the localities to which they 

• aetoiKl Kt-portut Ihtf Metru|>(>lia linproveniehU (iKin). p. \Aif. 
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are intended to apply;" and Mr. Sheriff Lawrence, in bis addves 
to the Board, after the reading of the Report, adds, '^Many wlMia 
plans were exceedingly good, had commenced them and prepared 
them without having sufficient data to go upon, and had beoi 
unable to fulfil their intentions in the manner which he was quite 
sure they would have done if they had bad proper daia to go upoSi 
That, however, was no fault of the Commisuoners, becaase thtf 
were not themselves furnished with the materials to furnish such daias 
but at any rate, there had been no favouritism in the deciaifla 
given." boubtless, as the decision shows. The want of the fink 
kind of data is now admitted — later^ we shall baye to acknowledfs 
the want of the second kind. 

Accordingly, we find that few engineers of repute — those wbe 
have devoted their special attention to this one subject for the last 
few years, of course, excepted — have sent in plans. We look la 
vain in the list of competitors for the names of^our principal R.£,'i 
or M. Inst. CE.'s; and we cannot be astonished at the conclusion 
arrived at respecting the merits of the majority of the srhrnwi. 
How so many persons can have thought proper to venture to seed 
in plans under the circumstances described, is to us a mysterf. 
Many, we fear, embraced the popular opinion that the drainage e£ 
London was wholly a question of outlet, and that that once found, 
the necessary details of a comprehensive scheme must naturally 
follow. The late outcry for an outfall, was, and is still, for the pre^ 
sent, a mere fallacy; which simply reminds us of Ardiimedes ask- 
ing for a prop, as the only condition necessary to enable him to 
lift the world — with this difference, however, that, like the Egyp- 
tian astronomer who, while calculating the motions of the planete, 
fell into a bog in his own garden, we can analyse accurately the 
impossible case proposed by Archimedes, but are perfectly helplea 
as regards the other, which nevertheless necessitates an immeaiate 
decision. We have the sewage of a vast population to get rid si 
some how : one person offers to treat it chymically ; another pr»- 

Coses to empty it into the Thames; a third is of opinion it should 
e carried off under the bed of the river ; and a fourth maintaiai 
that, on the contrary, it ought to be raised by steam. What with 
one person wishing to collect it in tanks, ana another to drown it| 
a third to sink it, and a fourth to raise it — what with dry manun^ 
and highly-diluted ditto, sinking sliafts and erecting engin es wt 
have now' such conflicting opinions on all points, that we are evea 
beginning to question the truth of the very premises we started 
with; and the only conclusions respecting which there can be said 
to be a general agreement of opinion, are — 

1. That the present provisions for the drainage of London are 
insufficient, and in themselves defective. 

2. That the thorough drainage of the metropolis is desirable, if 
it can possibly be attained. 

3. Ihat the pollution of the Thames with sewage is to be 
avoided, provided there be a possibility of effecting the necessarr 
drainage without it, as outfall, within the limits advisable for all 
sanitary requirements. 

4. That refuse-sewage has intrinsic value^ which ought to be 
made available. 

5 That a diversity of opinions exists respecting the details con* 
nected with town drainage. 

6. That this diversity of opinions has prevented, hitherto, effec- 
tive means being devised to remedy tne evils to which a large 
body of this population is still subject. 

7. That something ought to be done. 

Let us now consider the question itself, and take a commoiw 
sense view of the case. 

The premises we start with are the four first of the above con- 
clusions. We send for an engineer. We request him to under- 
take to remedy the evils we complain of. What is his first step? 
His first step is to ask for "instructions" respecting all such points 
as are not within his control, and which must in any way inmience 
his decision: "Your water supply is defective? What are the 
intentions of the legislature as regards its improvement? Will 
the supply be limited or constant? If the first, to what extent? 
Can you provide me with a supply in certain districts, if required, 
and to what extent? Will the same provision be made throughout 
the metropolis; and if not, what will the respective provisions be 
for each district? &c. &c. — You wish to preserve the sewage for 
agricultural purposes? Will it be sufficient to have it conveyed 
to one point, say the Essex marshes; or do you require means of 
direct communication into the country by rail, in different direc- 
tions? If so, to what extent and in what directions? In what 
state must the refuse be delivered? To what extent diluted? Will 
the whole of it be required, or only a part, during one portion of 
the year; and if the latter, to what probable extent? &c. &c.<^ 
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Art yon prepared to answer these cjii est ions? — if not, and you 

j Tequp^t me to come to my own conclusion!? respectinjsr these pre- 

Ittninary points, 1 must put off the m.iiu one of an effective dniln- 

H^f, until I have instituted the neccsary inquiries in connection 

prttk some of them; and obtained the further informiition, over 

Urhich I hiive no control, respecting the remainder." — His next 

ftfp 15 to obtain the required local data, which would be comprised 

i pfinci pally in — Ist, an accurate trig-onometrical survey of the 

I whole area at all likely to be necessary for a full inve«tigation; 

I plotted, firsts to a sufficiently lar^e working scale for all matters 

r of detail, say five feet to the mile; and, secondly, to a gmaJler 

* iftle of perhaps eight inches to the mile, 2ndly, a net-work of 

levels plotted on both plans^ in contours at vertical equi-distancee, 

fij of two feet; with, on the larger plotting, a liecond, and may be 

1 third, set of secondary contours, equi-multiples of the first, on 

iSsucJt portions nece^itating the same, on account of the lowneas 

9f districts or other cause. :^rdly, a skeleton plan of the present 

droio^ige works;, the levels of the underground portions of which 

iiould bo embodied chiefly in, itlily, a set of lonptudinal sections, 

reduced to the same datum as the contours, of all the present main 

iikd branch sewers and drains. And, 5thly, other loc^il informa- 

ttoi of different kinds^ respecting the nature of which it in not 

ncces^ry for ua here to dwell. Are we prepared to furnish these? 

, —If not, we must give up all thougfit'*! of a "compreheti'^ive" 

I ndierne, /rri/i; rajmble of being found effiHcnt in practice^ until we 

A- reqtiirenienti* obtained, an engineer would still 

have lui.i.er of difficulties to contend with, for the reasons 

rt»t»^ beginning of thiy paper; and the result of his labour 

wotil Iv be the production of two or three schemes, varying 

Ljtt pri H?ach witn advantages and disiad vantage a, of which it 

ft»ulU , . -- iliity to point out the nature. For instance, one plan 

laigbt embody a comprehensivo miheme, depending upon natural 

Mifources »s tar as possibly available, with many of the consequent 

|Advjitit<*iged of a naturfU ny^tem of drainage, hut defective in as 

finuch thiit these natural resources are not available in certain low 

jlilriets without Jlufihing — itself an artificial means — and that a 

|MViJMi oi the drainage would be intermittent. The next, on the 

etmlriay, might proviiie for the removal of the «ewage by artificial 

S; it would have the advantages over the first scheme, of 
cofistant and thorooghly effective throughout — its defects 
lie io the adoption i»f purely mechanical means and exten- 
TT- - — "hinery, instead of merely the natural power afforded by 
111. The third would probably be a combination of the 
^faMi.i .j.i^.^ of the two first, according to local circumstances of 
Hwvel, including only the minimum amount of artificial power coo« 
^^B9tent with a constant and truly efficient discharge of the refuae. 
^^This last would probably be recommended. 

^■^ Had thetse »^epe» been followed more strictly, we should now be in 
^fi better position to report progi*e«s; but a« it is, we are anything 
^T bat prep*wed to frame a compreheuj^ive plan. Moreover, we fear 
©or progress, of late, has been like tbat of the crab^backward: 
we are beginning to doubt that the pollution of tbe Thamea is an 
tfril; and aoon we eJiall be informed that the defective state of our 
drainage i?« in a great measure a fallacy, and that, with a few im- 
provement.^^ — a main aewer here, and a brick drain there^ — we fihall 
do very well indeed. This, however, h not the greatetft evil we 
fcarc to dread; we have to fear the endeavour, by the waste of 
hundreds of thousands, to force tbe river Thames to d(j — by what 
we »r« i^li»rH^**d to term "natural means'*— what, in spite of Mr. 
She I itce*s opinion, she never was intended to do. The 

.extr; y accumulation of population on the river hank 

^dlesex is a purely accid^ntHl circumstance, perfectly inde- 
ient of nature, her I:iw8, or her provisions; and the business 
ineering is to m/npt tbe resources she has so bountifully 
I at our command for our well-being and happiney.^, and not 
Torce upon her what she never provided for, when fortuitous* 
rcunifttanues of man's own creating render her provisions inade^ 
' %o his demands* 



Sati Indian Rttdum/i. — AmongAt I he pa&tengers for Itidii by tbe tteitner 

^ the 20th uU.» w«i Mr. George TurnhiilJ, ihc rriitlcnt ci»giM<;t?r of llie Ea^t 
tidJsfi Rutlwiiy Coifipaiiy, aii«l h«« UAff, A viiEumaa pra»rt uttim tif the warkij 
' knrkfd fnr. PtfMii the rroitnt rppurr* «( the Ctirnpauy, it appeari^ ibat 
lh«n 300«D00/» of tbe capilA) it uirrndy piiii^Mp, upon vvhii ft tlic guu* 
Mi iftlerett of 5 p<»r cent, i» aci rui»tg, Ami itut «rrit)«)rrmrnl» have lieett 
k with Lit*? UuUia !b>use, Uy whiih, aI ihe i xpiruiiiiti uf iht? t'tirrcnl ye«r, 
WfB%d up rapilMl wiH uniount \n itliitut 5U0|001l/.t ur ouc-halt' of the luil- 
Con req«iircd for the finl tection of tbe liue« 



INSTITUTION OF CIVIL ENGINEERS. 
Fei. 2G.~Wri:.tiAM Cubitt, E»q,, President, in the Chair. 

The paper reid was " On the Strcpi Paving of the Metropolis, with an 
jiceouni of a peculiar Myntem adopted at the Londtm and North- fFntcrn 
Railway Stntion, Emton wquare.** Uy Mr. William Taylor. 

The paper commenced by directing attention to the importanre of a good 
ayrtcm of paving, in cojijtincttan with a more perfect plan of sewage for tU 
large towiit. The paving of the metropolis hat too long been carried on 
ander an antiquated and unscienlific$.y9(em, cf oiing large maft&es of granite, 
placed upon an inef&cient fubstraturn ; the con»cquences of this viere great 
noise, an imperfect foot^hold for the horses^ danger of the constant fracture 
of the spring! and axles from the jolting over an uneven surface, and 
great expcnce of repairs. The macaflamised streets were manifest improve* 
ments on such a system, but the snrface was not found capable of resisting 
tbe heavy traffic of the main thoroughfares of the City. The defects of the 
wood pavement so grealty exceeded the merits that it had been nearly 
abaiidufied. 

Impreiseii with the disadvantages of the present system of pavings 
Mr. Taylor tried an experiment about ten years ago, by covering a surface 
subjf'ct to very heavy traffic, and subsequently, about five yejirs since, 
entirely paving the departure side of the Enston Station of the London and 
North-Western Railway in a peculiar manner. The system was opoti 
entirely new principles. The method employed waa, after removing the 
submit to the depth of sixteen inches, to lay a thickness of four inches of 
strong gravel, equally and well rammed, then another layer of gravel mixed 
wiih a small quantity of chalk, or hoggin, for the purpose of giving eluitidtyf 
the ranimiDg l^eing continued as before; a third coat of tbe snme matertalif 
was then laid and rammed, a regular decrree of convexity of surface being 
preserved. The stonea used were of Mount Sorrel granite, dressed and 
squared into regular masses of four inches deep, three inches thick, and 
four inches longt these stones were laid in a bed of fine sand, one inch in 
thickneas, equally spread over the surface of the substratum, and they were 
carefully placed, so that no stone should rock in its bed. The whole surface 
was then well driven down with wooden raumiers, weighing fifty.five pounds 
each. The small size of the stones enabk-d ihem to he well rammed home, 
so that the surface of the pavemeut never sunk, und the hardness and tough* 
ness of the materia), prevented the stones from being worn down by aoy 
traffic, however heavy. 

Ii v^as stated, that Ihts system waa fnaud infinitely preferable to the em- 
ployment of large stones, and the statement of cost waa vasily in its favour; 
the price of the ordinary kind of granite paving, in London, being eikjhteen 
shillings per superficial yard, and the maximum coiit of the new or "Eustori*' 
pavement, including ihe substratumi wus not tvrelve shinings per yard, end 
deducting the value of the old stone», not (in this latter case,) claimed 
by the contractor, the nett cost would only be nine shillings pc>r yard. 

The system waa stated to have been very extensively employed at Bir- 
mingham, and many provincial towns, and it appeared admitted, that the 
beauty of the pavement when coriipk'ted, was only equaled by its extreme 
durability, and by the niauifest advantagea il off^ered in its noi&elessneaa, 
good fuot-hold for horses, freedom from jolting, and the small repaira it 
required. 

h was suggested, that the differeut Paving Boards should make a trial la 
streets of small traffic, by lifting tlie large stones, and cutting them into 
small cubes, or rectangular pieces, of three inehff iu depth, for tie future 
pavement; si that a griud field would be afforded for the practice of the 
pavioura, which would enable them to be better qualified for the task of ex- 
tending; the system to the more important thoroughfares: by this meatii, 
too, a large snrplus of stone would bi: accumulated for paving, and tbe refaie 
would be VHluijIde for macadamising the roada in the outskirts. 

March 5. — In discussing tbe merits of Mr. Taylor*s system, it was con- 
tended that a riffid and unyielding substratum had been tried by Mr. Telford 
many years since, and had been used with siiccctt in some parti of tbe City 
paving, up to tbe prc^icut time. The average duration of tbe pavetncut Oii 
the streets in tbe City was stated to be eighty years, but that it was cofl- 
stautly subject to injury, from being moved by the water and gas companies* 
The pavement on London Bridge by Sir John Rennie was instanced ia a 
giiod, but expensive, example of the use of long narrow stimes; and that bj 
Mr. Wulker, on Blackfriara liridge, was quoted aa another instauce of tbe 
success that might be obtained by great care in the preparatuni of the 
auhstralum, which was of concrete, and the stones of the pavement being 
laid with more ttkJin ordinary skill and care» The results in buth cases were 
emincnUy succeaslul, but it was allowed that such an expensive system, 
however beautiful, wus not applicable to the ordinary streets. 

iL was jiilniitted, that, although the principiil streets of the City and the 
main thoroughfares of tbe West and East end* were well attended to, yet it 
must be allowed, that the paving of the m^tjfinty of the streets was not in a 
satisfaclory ntnte, and it was attributed, in a great degree, to the want of a 
definite system bfing adopted; there heing Ino many authoritirs in the 
shape of punsh paving huard*, each of which had a sepafatc surveyor, too 
often equally iur^fficieiiL and ilUpuid. Ttic water and gas compjinies ap- 
peared to Vie svilb each other iu their endravours to destroy the p4vin^; and 
a portion of tbe Strand waa quoted as having been removed thirty timei 
within two years. 
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With respect to Mr. Ttylor'i system of ptTing, it was contended, that the 
Mount Sorrel granite was a Tery superior naateria], both as regarded its 
toughness and durability, and that its natural structure enabled it to be 
worked very advantageously into the small cubes. The main feature of the 
system was the selection of the material for the substratum, and the careful 
preparation, so as to afford a sufficiently rigid, but yet imperceptibly elastic 
bed, whereon the small cube stones should rest. These stones being well 
driven down by repeated blows of light rammers, attained a degree of solidity 
which defied the heaviest traffic; and in the towns where the system wu 
employed, considerable economy had resulted. The surface of the paving 
approached as nearly as possible to that of a macadamised road, affording 
even a safer foothold to the horses, and with less noise of passing vehicles. 
The surface possessed extraordinary durability, and it might be considered 
as a solid mass of granite. It was announced that within a few weeks there 
would be specimens of Mr. Taylor's system of paving laid down at the 
entrances of Hyde Park, where they would be subjected to regular traffic of 
a destructive nature, and which would be under constant observation. 

A model of an improved Crossing Point was exhibited by Mr. Duncan, of 
Leeds; the notch in the rail was shown to be done away with, and the two 
rails in it were so dovetailed together, as to render any vertical motion 
between them impossible, thus materially strengthening the crosung. 

A piece of brickwork, set in Greave's blue lias lime, and which had been 
kept under water for nine days, was also exhibited. This material wu com- 
posed of one-third of lime to two-thirds of burnt clay; and it was stated to 
have been used with great success in the tunnels on the Great Northern 
Railway, as well as in many hydraulic works, in which it was as durable as 
cement. 

March 12.— The paper read was, '' On TuhUar Girder Bridges." By Mr. 
W. Faibbairn, M. Inst. C.E. 

The author commenced by stating, that the chief points to be taken into 
consideration were -.—First, the application of a given formula, for computing 
their strength; second, the excess of strength that should be given, over the 
greatest load that could be brought upon the bridge; and, third, the effects 
of impact, with the best mode of testing the strength, and proving the 
security of the bridge. 

In the first place, it had been determined by experiments, that, in order to 
balance the two resisting forces of tension and compression, in a wrought- 
iron tubular girder, having a cellular top, the sectional area of the bottom 
should be to the sectional area of the top, as eleven to twelve; and that 
until this proportion existed, the usual formula could not be applied ; this 
formula was, that the breaking weight was equal to the total area, multiplied 
into the depth, and into a constant (80), and divided by the length of the 

girder \w^~--j. 

Considering the particular case of the Torksey bridge, the mean sectional 
areu of the top and the bottom, being respectively 51*08 square inches and 
54*93 square inches, the latter was in excess of strength over the former, so 
that a reduction of the area of the bottom from 54*93 to 46*76 square inches 
might have been made with propriety, and would have been in conformity 
with the formula. By calculation, the ultimate strength of the bridge was 
found to be 1,152 tons, whilst the greatest total load, including the weight 
of the girders, &c., was only 372 tons; this gave a strength, greater than the 
heaviest rolling load that could be brought on the bridge, in the proportion 
of nearly five to one. Although, therefore, the proportion of the girders 
wu not exactly that which the author recommended, he considered that 
"they were, nevertheless, sufficient to render the bridge perfectly secure." 
This conclusion was arrived at without taking into consideration, the amount 
of additional strength derived from the continuity of the girders, across the 
central pier. The exact proportions recommended were given in two tables 
extending respectively to spans of 150 feet, and of 300 feet. The depths of 
the girders of the first class were taken at one-thirteenth of the span, and 
those of the second clus at one-fifteenth of the span. The author then 
investigated the effects of impact at different velocities. It did not appear 
that experiment established the fact of increased deflection at high velocities 
for in several experiments on a large scale, he had found the deflection as 
nearly as possible the same at all velocities. He concluded by recommending 
that the tests to be applied should never exceed the greatest load the bridge, 
was intended to bear. 

Remarks. — In the opening of the discussion by Mr. Fowler, Mr. Bidder 
and Mr. Eatou Ilodgkinson, it was remarked, that satisfactory as it was to 
have the confirmation of Mr. Fairbairn's authority, for the perfect safety of 
the bridge for all purposes of traffic, it would have been desirable, that he 
should have extended his calculations a little further, into the question of 
the increased strength derived from the continuity of the girder, across the 
central pier, wliich augmented the total strength fully one-fourth. It was 
also argued, that the excessive proportion of the bottom of the girder, 
although not an economical disposition of material, was in itself an im- 
portant addition to the strength of the girder. 

The definite proportions assigned in the paper for girders were disputed, 
and the attempt to assign empirical rules fur the practice of engineers, in 
structures of this novel character, was earnestly deprecated. 

It was important also to remember, that the large proportion of the 
bottom of tlic beam brought into action a corresponding quantity of the 



upper part of the side plates, in aid of the top. Thus it appeared, that if 
the subject had been pursued further, the proportion of five to one, by 
which the proportional strength of the beam, over the rolling load, was 
represented, would hsve been, from Tarions causes, materially increased. 

March 19. — The subject of Mr. Fairbaim's paper was resumed. Messn. 
Wild, Pole, Rennie, Scott Russell, Eaton Hodgkinson, Walker, Glyna, 
Bidder, Professor Willis, General Pasley, and Captain Simmons, RJB^ 
examined the question at great length, and under all views, illustrating their 
position by diagrams and models, nsed in the experiments and in the mathe* 
matical investigation. 

It was stated, that after the remarks made at the last meeting, it wai 
merely requisite to describe the experiments alluded to, and before doing so, 
to briefly describe their object. 

In the Report of the Government Inspector, the limiting strain reqnind 
for the public safety was defined, and the Torksey bridge had been con- 
demned for not complying with those conditions. A calciSation, therefore, 
had been made to ascertain the actual strain on the bridge. It appeared, 
however, that it wu really Uss than the limit prescribed by the GoTemmeit 
Inspector. The experiments instituted were for the purpose of testing these 
contrary results. It was also suted, that in the paper there were maiy 
objectionable points, but particularly one that was positively dangeroos. 

The author had not only omitted the effect of the continuity of the 
Torksey girders, but stated, that it was sqfer to do so. Now aU writen 
upon the subject, and all who had considered the matter, agree that in s 
continuous beam the effect of continuity wu most important, and that in s 
perfectly continuous beam, the strain over the supports wu even greater 
than elsewhere. It was therefore submitted that this wu not the part, the 
consideration of which it could be '< safer to omit." 

The form taken by a continuous beam, when uniformly loaded, wm 
convex over the supports, and concave between the points at which the con- 
vexity ended ; at these points of contrary flexure, the horizontal strains were 
null, and the beam might then be severed, without altedng its conditioa. 
The virtual length of the beam, in the Torksey bridge, wu determined by 
the distance between the exterior support and the point of contrary flexure; 
and it wu to determine this point practically that the experiments were 
instituted. It wu shown that this point was 21} feet from the oentie 
support, and that hence the length of the beam wu rednced from 130 feet 
to 108^ feet. 

The compressive strain upon a girder of this length, loaded u prescribed, 
was 4{ tons per inch, being less than the limit defined. Consequently, it 
wu asserted, that the Railway Company to whom this bridge belonged, had 
been deprived of its use, not in consequence of any omission on the part ai 
their engineer, but in consequence of the inability of the Government autho- 
rities to appreciate the strength that had been provided. 

In reference to the application of formulae to the calculation of the 
strength of the girders, it wu considered desirable, in such an important 
cue, not merely to form a general approximate notion of the strength of the 
bridge, but to ascertain, with all possible exactness, the nature and amount 
of the strains to which the structure wu exposed ; and this conld only be 
done, by using a comprehensive process of calculation, which should 
embrace all the elements affecting the strength of the bridge. 

The effect of the continuity of the girders over the two openings, wss 
carefully considered, and the nature of its effect upon the strain was 
explained, as deduced from the application of the most modem mathe- 
matical investigations, and it wu demonstrated that the strength of the 
beam wu thereby augmented above one third. 

It was then shown, how the rules for estimating the strength of elutic 
beams, were rendered applicable to the case of the Torksey bridge, and the 
results proved, that when the bridge wu weighted with the load prescribed 
by the Government authorities as a test for its strength, the strains of com- 
pression and extension were only one half of what competent authorities had 
stated might be safely applied. 

The diagrams exhibited, shewed the results of mathematical calculation, 
as applied to the Torksey bridge gurders, and the remarkable coincidence of 
these, with experimental results obtained by other investigators in an 
entirely different manner, wu insisted on, as a proof of the correctneu of 
the conclusions arrived at. 

It wu stated, in reply to a remark upon the increased deflection due to 
velocity, that the result of the experiments tried by the "Cut-Iron Bridge 
Commission," proved, that "this increue was wholly insignificant in beams 
of the length and stiffness of those of the Torksey bridge." 

The discussion was summed up by its being stated, that, with one 
exception, all those who had spoken during both evenings, agree that the 
formula given in the paper wu empirical and not trustworthy; that the 
effects of percussion and increued velocity were practically only shadowy 
visions ; and as it was admitted, that in the calculations of the Government 
Inspector, the effect of continuity was neglected, and u it had been proved 
that the strain was less on the bridge than that assigned as requisite for the 
public safety, and that it was, in fact, amply strong, it was evident, that the 
public had been wrongfully deprived of the use of the bridge, and the Com- 
pany had been prohibited from gaining the just return for the capital 
invested, in consequence of an incomplete investigation, and the usumption 
of untenable formulae. 
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ON ARTIFICIAL BREAKWATERS, 

Oa Artificiai Breakicatt^rji^ and the PrmHptns which govern iheir 
()$tiitrui'iton. By Mr, A, G. Fixdlay. — (Paper read at the Society 
Arts, London.) 

Mr, Findkat's paper commeoced by sUting^ that it wa* not vslslicd to 
lonnce upm the feaiiihility or impractibility of any of the namerous 
If hich bave, from time to time, been proposed for the conttruetion of 
atcrf, but to submit lome faciei, drawn from nataral effects^ ibo^iD^ 
llic hrcti to vbich inch structures mutt be subjected* 

The p«per, tberefore^ was naturally divided into two parts. The firiti 
which related to the action of the waresi and its collateral subjects ; and 
Ihisecoad, which irai poit[»oned for a future erening, witl relate to the va- 
miai forma which have bf en given to sea-barriers, and the history of the 
j n gj i tMM of those now in e^tistence. 

The priiwipal difficulty in establishing a fixed breakwater was ahown to be 
Ibe eootmoiia foree of the waves. The form and nature of sea-waves gene- 
nlly were alluded to, and Mr. Scott Russell's system described. Of the 
iftmmic force eierted by sea-waves, tt was stated that their greatest force 
was it the crot of the wave before it breaks ; and its power in raiting itself 
was measured by a number of facts. At Warberg, in Norway. It rose iOO 
llfi» January 21, 1820: on the coast of Cornwall it rote 300 feet in 1B43. 
Otber examptes, as the singiilar " Souffleur" at the Mauritius. &o.. were 
cUid, showing thai the waves have raised a column of water equivalent to a 
ffttsare of three to dve tons per square foot ; a result in accordance with 
llf-T. Stevenson's obscnfations vtith the Marine Dynamometer, which was 
docfihed. 

It waa ahowii by a table that the Telocity of waves waa dependent on 
tktkt length ; that waves of 300 to 400 feet in length from crest to crest. 
Irtvflled with a velocity of 20 to 27i miles an hour, and this whether they 
S or 54 fecc in total height; this velocity alone, should they become 
pnmMTj waves of translation, would give them a great percussive force. 
That waves travel very great distances was instanced by leveral facts* That 
they are raised by distant hurricanes and gales was noticed, by their being 
feit' tirooUancously at St. Helena and Ascension, though 600 miles apart; 
and opioions quoted, that these rollers, or ground^iwell, at times originated 
near Cape Horn, 3,000 toiles distant [ rendering it more than probable that 
tro]neal hurricanes will send storm^waves to our own shores. 

That it was not only at their surface tliat waves exerted great power, but 
Ihal they reach in their action to the depth of eight fathoms and upwards. 
vas shown liy the operations for the recovery of the treasure of H.M.S. 
Ta^/.< uliich was wrecked and sunk at Cape Frio. Urizil. in 1831. The 
! was swung four or five feet laterally in calm weather in these ope- 
ach increasing their danger. Besides this, the guns and treasure 
wefc f^uod covered by masses of rock of from thirty to fifty tons weight, 
moved by the action of the water, and weighed or turned over in the second 
operations by Captain De Roos. 

From ihete facts, it was considered that floating hreakwatem generally 
irere not adapted to combat with the waves. Admiral Taylor's plan of 
: mber fraine-work sections ; Captain Grove's iron cylinders with an attached 
anting; Captain Pringle's frame, moored by its lower edge; Captain A. 
Sleigfa'a floating tea-barrier ; Mr. Smith's plan, as submitted to the Society, 
wtft meDtiooed ; and it was considered that the calculations of their resist^ 
uioe were understated ; that Admiral Taylor's section, instead of twenty. five 
toaa' strain, might, if the waves exerted only onc'lbird of their force aa 
known, have to withstand upv^ards of 1,000 tons; this probably caused the 
fallare of Admiral Taylor's experiment at Brighton, and Captain Groves's at 
Dover. Major Parlby's principle of the trumpet-mouth sea<weed was com- 
picnd with iht/ucut gigantetut of Dr. Sotauder, abundant on the Patagonian 
•ad Faegiao coasts, and 3G0 feet in length, which is carried under water in 
currents, and torn up, and chokea all the bays during storms. 

The motion of shingtc, an important consideration in establishtng break* 
vratera, waa shown to be governed by the direction in which the surf strikes 
the shore, and this is dependent on the direction of the wind. This, from 
Sftten years' observations by M. Nell de Bruaute, at Dieppe, was ahown to 
be in the ratio of 229 days from western quarters to 132 days from eastern 
^uiricrs, giving that preponderance to its eastward progress. The mode in 
wych it was arranged on the sloping beach, in the form of a paraboioidal 
dure, was explained. 

Sand, a more powerful agent than shingle in changing the character of a 
coiat, was stated to be deposited by currents, thus rendering the eastern 
parti of the English Channel much more embarrassed by them than the 
western portion. The Goodwin Sands were exhibited as eiamptcs of the 
extent of accumulation^ and the changeable character of sand deposits. The 
diagrams exhibited showed the progress of these alterations, acid were drawn 
from, perhaps, the only authentic history we po&sesi of the changeable cha- 
ricter of a quicksand. The different prriods, from Greene Spencers survey 
ID 1793 down to Captain Bullock's in 1850, showed that they had shifted 
miles in their position and area, evidently refuting the practicability of ony 
principle which would apply to 3xing them, and rendering them available 
more perfectly for break viater purposes, as wii proposed by Captain Yetch, 
R.Et, to the Koyal CommissioD, 1345. 



Mr. FiKLAY commenced the second part of hit paper by recapitulating 
some of the forces and circumstances to which breakwaters are subjected, 
as cited in the former abstract. The application of these was the aobjcct of 
the present portion. 

The preparations for the great Cherbourg digue were noticed ; the pro- 
posals of 1712, and 1777, for a line of sunken ships filled with masonry, aa 
at the siege of La Rochelle in 1373, and the fini operations by M. de 
Cessart, in 1782-4, were described. This latter plan was to sink trunca- 
ted conical caissons, strongly framed of timber, 150 feet diameter, and 64 
feet high, floated by means of a double tier of immense casks around their 
bases. The first and second was succesafulty launched; but before the 
latter could be filled with stones, as intended, a storm carried it away to low- 
water mark* This led to a great change in the plan ; instead of 90 of 
these cones tangent to each other, they were to be placed at considerable 
distances apart, the intervals to be filled with pierte perdtt; 18 of them 
were laid, but they were all destroyed but one before 1789, — some of them 
in two days after their being placed. The method a pierre perdil was then 
resorted to, and continued with until it was modified by an upright parapet 
from low.waler level by M. Dupare, 1832; the work is still in progress. 

The series of four diifercnt slopes, in which the waves have distributed the 
stones of the digue was described ; and the absence of the lowest slope in 
the Plymouth section was accounted for by the increased force of the wavea 
upon the tatter. 

The commencement in 1811, by Mr. Rennie, and sabtequent proceediogi 
under its present superintendeut, Mr. Stuart, of the Plymouth Breakwater, 
were then alluded to, and the increased length of foreshore which had been 
found neces&ar>^ from the original design, and the greater effect of the set 
at its tpfit end described. In 1838. from the great effects of a storm, a 
species of buttress was designed by Mr. James Walker, C.E., for the pro- 
tection of the baso of the lighthouse. This involved a new principle In 
hydraulic architecture, afterwards alluded to. 

This structure resembles in some degree the system of dovetailing and 
grooves arlopted by Snieaton in the Eddystone; but differs in its application. 
The Delaware breakwater in the United States was then briefly alluded to. 

The principle of the presenting a coucave face to the waves was then 
adverted to. In 1734. such a section was proposed, hut not acted on, by 
M. ToaroB, for S. Jean de Lnz. In 1787<95,Don Tornas Munoa constructed 
the sea-walls of Cadiz thus : a straight foreshore of timber planking, and 1 
curved masonry ternnnation. This was destroyed by the blocks of stone 
placed at its foot for protection, rolling up the incline against the masonry, 
&f . Emy, who endeavoured to establish the existence of what he deuominatet 
the Jfdi-du'/bndt proposed a cylindrical, or other curvilinear face, for thia 
purpose, in 1818, and in 1820 repaired the works of the fortification of 
St< Martin, He de Re, in the Bay of Biscay, on his plan, which waa ao far 
successful, though not very greatly exposed. Various forms of the concave 
revefemevU were noticed, and the natural form assumed by the abingle 
beach was cited as on instance of the effect of beach surf. This form hai 
been adopted in the Dymchurch wall, constructed by Mr. Walker. The 
mode of action of the waves against a cliff was also explained, as producing 
a similar action. 

Mr. Scott Rassetl'a deduction from the wave system, leading also to 
similar conclnsions, were then alluded to, and the sectional form he has pro* 
posed described. He preferred a paraboioidal curve for the foreshore; and 
an overhanging copings so as to turn the wave on itself, was described. Mr. 
Russell* for deep water structures, preferred the method a pierre perd4j 
forming a straight foreshore. One objection to this system of concave face 
was. the varying level to which such structures are exposed by tidal infiuences» 
and the differences of curve presented at different periods of tide. 

From these systems, the vertical, or nearly vertical wall, waa then des- 
cribed; and the great national work at Dover, the Refuge Harbour, waa 
Slated to be on the principle established by the experience of the buttress at 
the west end of Plymouth breakwater. This uiode of constriiction. found 
effective at that place, counteracts some of the diflicuHy met with In securiog 
the masonry facing it. In a previous part of the paper it was stated that the 
stones were blown out of the facing, or towards the sea wave. This action 
is attributed to the percussive force entering the joints, and thus the water 
or air contained within the body of the masonry being most forcibly driven 
upwards and outwards, carried single stones out of their beda. The new 
mode consists of stepping one course of stones into the upper surface of that 
beneath it, so is to form a ledge to prevent its outward tendency, and also 
to divert the direct action of the wave on the joint. In addition to tbii^ 
each atone is so dovetailed on Its horizontal plane, that each course forms 
virtually one stone; and alternate stones in each course are locked into the 
coarse beneath it ; ao that, throughout the fabric, some portion of each 
course belongs to the one on either side of it, making the whole into one 
mass. These stones are found at the quarries, and fixed in their places by 
the diving-belL The situation of Dover Harbour, as being free from the 
chances of silting up, was considered in reference to the tides, and the im- 
probability that any great amount of shingle would for the future cmbarasa 
the work. 
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iroTca ar tmm bionts. 

PV>^ftmiim^i Juri9diction.»^\n the inqairy befor* Mr» Cuhiit. it Arlminlty 

iDiyMtor, OB III* t.i-a NaTlFii:«nri Rill, <ht EmI London Wntr^r Wttrlr* O'fnpmiy « Iw^iti^d 
lO Im beanJ by CO 25th, oti ih* openi , .. .. ... ,^ 

fl|ipi«r«d ^o rtipi ! on the threat ol • 

IB4I>Ii7« Mf. Ci' >let»rmU>Atfon b« h« >^! 

Wy fii|>lDrcri Ol I I thLi refofvl h«r1ii( W«^ii rrcoriic^i i 

W^TPivcthrr kfi •> hope Mr. Cubat, tmd o!h«r tng1fi«er 

o«rJ»l rB;>iitlty. <iiy flrm, for there c»n be no rewon, b<-< I, 

for the etnptoymna tl Junlsttr*, vi\m h^ve lo be tD«tTUCt4>(1 by etjglin'tn r^.niiif.^r*, nre 

nfnofu prscUc«Uy ncauaintrrl with the bnili***** >.*( Uifir cllenti. Tbrre can he no hard- 

ihlp «» ill* Wttterwork* Comi.any, for lUey von Id hav* nileuurtte eii(r<«>**riivg oaai»tance> 



Thk Board of Ordaaiice. who onpOMdf wtre r#preMtitf d by ibrir aollc'^or and two gOTvrn- 
VtMci^iccn 1 Md nsoet of tCw <illwt ^ if HW fWli »T «f*»«" or siirreyor^, A» ft itart^ 
il«^ tVUDP)* of the iniKbleAi of emplefliiv fiOfupf«i*tlo»l men, we may rt4lir lo Ite 
ccidiniied Reading cue. whtrt muay dayi were loai by I be aeireml b4if4:he« of coaaiel. 

Opening for Traffic qf the Britannia Bridge, — On Friday ind StturdAy, 
tVe lAtb and Ifith nit. CaptAin Simmont, the Governmrnt Inapector for the Rajtway 
Cotntnlmlojur*, made hla oflkfjil Inapettlon of thia great itriKlur*. ac^cotnpatlled by Mr* 
Bdwln Clai kif, the re«»dent enjrJneer, and Mr. Hcdftorth l-ee, the engineerlof mMafer 
qf the CliHjt* r •♦id Holy bend hue, when a aefles •( ImportaiU esperlmenlx look plac* to 
ftacertain the law »>f deilcctloi^ aod the abaotute tlnict«nil itrength of itae fabric. Th* 
wzperlnienlLa rot)Bi»tifd in ubkenrlnf the deflectluot uuder a aerlea of »ut-c*«atTe loadt{ tb« 
pttaiiog of three lo«3moiJre», wtih a train tuftdeDt lo cover each of the ttihe*. thronfh 
tJit bridfe* «t varloua apcirda, and the runobie of locomotlTe* and teoderv throujth, 
witboQt lialna, at varldblc rate* uf progr«if. The firal rkperimeotal Govariimetit lr»ln 
«»■ ft be«vUy ladto ou« of coal ira«ona, neighicig 34U toua, with tbre« locomotlTe 
cngtota. TbU waft nto ttamtifb tbe t»be mt the onliiiftry rate at which such tnlofl triTvl, 
jh«ai 10 «o 12 inllift m tew^ m4 tb* dcAcctiofi, aft Ull<m by delectometft, ftxed In the 
centre tower, wiu toirceJf per««ttllble. Tbl» train was then drawn cocnpleleJf ovtt one 
of tb« tube*, atid there Ira aa a dead weight* wbU« C4ptaln Simmoiia deicemled and 
made a minute Inspection of the raaaonry, tha H»»it3nf, plate-worlr, cellular l«p ftiid 
bottom of ihe tubea, and iaher arrangetneata^wbirb occupied a considerable Mme. On 
returning lo tbo labe^ the deflocUon cauaed by Ibe load woa found to be abonl thrat* 
fburtba of Au lucb« tsimilar rxparlmenta made In the other tubea eaemplifird tlie perfect 
PDCrtaa Ibat baa attended the <rttnt]jin1ty of the beam-- Ibe Oioat remarkable feature In Xht 
imctaffn CftoaH ^ Ibe Iwctloo of each of the before laolated tobaa^ for aa Ihe ettfliMft 
talcfad npoo tba amall land lube Ibe niotioii due lo tbeir prog rewlfe wdgl&l mwm aacer^ 
tatnabte lo erery tube, tren orer to the fnriber extremity of l&flO feel In leaf lb. L«eo- 
mtHtlMm hi tteam were then poased through aa fkai ai practki^ble. but only at 20 mtlea an 
beVTt awliig to the cnrvea at either end. The dellectleti wna the fraciton ot an 1i>cb» and 
tlw libratton fcarcely perreptlble, the tonnage welfbt of the tnbe itaeir acting (o reality 
as a poTintorpoije or preventive lo vlbniUoo. On the Blonday following, the up expreaa 
Han Holyhead, carrying the tnalla and paaaengcn from Ireland^ came by the tnbe at a 
MVlog of a foil hour over th« naual tranalt* The atibaeqtient tralna to and fro al«o went 
libroufh loth waya. All the arrangemeoU f«iT tbia purpose are oow pemaneutly com- 
plete, and the floating of the twin tubes for the parallel lljic If occapytng the attention 
«C tbe euglneera. 

fmprottd Ci»&HiifJbt RaOwctf Waijfdm.to superiede the cambenome ttid 
iMft tarpanlln, baa bceii paUntcd by Mr. Rowland Brotberbood, of ChlppcnbaA. ft 

_ ra of a amaU or larfe portion, or Ibe whole area of the tmdt* to be e](p<>*^ ; o^X 
,^jter can uncover two trucks in the apace of a aiinute. and two can re-coT»r Ibero In the 
anna flme. It conslata ol a fan of aeven rlbi. placed at each end of the Inick. crtmiecled 
111 p«In by a hirlsontal bar to each orer the tap of Cbe truck $ thla fan la covervd wllli 

C spared water-proof cairraai, and 1( opened and Incloaed with aa mqch fncitJty nn tlte 
ad of a cabrioicL vr lAniltiu, on which principle It la conitructed* tt afforda great fad. 
nty for toaditig >> ewvlj ; can be aecured by i->cki and key*. It baa been Id 

nie all the -ivUitr r Weatem Hoe with much tatiafacllon. 

improved Mur,,,,,,. ,,i,t f(f Peat Charcoal. — Although numeroufl hare b^en 
the a I tempts to p rod u ere a charcoal from peat* flt for all* ^veo Ibe rooit dellmte malaU 
Iwrgft^l purpoM^a, and althongh iei*era) patcnia bare been obtained within the post few 
yeara lor pariicular methods of iDAaipulailoo, vaccesa has not yet appeared lo have 
Cfowned our cd'oris in this country. WhUk.' these attempta hare been made In vala la 
Hftglaiid spd trelond diirfri^' ibe favl ten yirnra, Mr. 'Vl'i^nlFat the well known railway 

«ng1'^'"" ' - - ^ .1 ,. .i „ . ., - ,.._.. r't^t^oyered that a proeeaafiw 

COii iliy carried out In Germany 

for e opportunity, ar^d bftvln^ 

fllaide liai.st'ii tiiuBi-r 11 ;ui in uii..;n oj uit pmcrM, iii« iqken OQt ft patrT ' '"'- '"-''••tn, 

fkim Ibe apedticatlon of nhicb we extract the foJJowlag paftieulara:—'!' 
jected lo a «'ert^ln high Icmperaruie, in auch maooer aa to deprlTe it or i . a 

priocJpuJ p " • t!tf \Taler whJcb It naturally tontalni, Tblabeatia \.{\^-\ i.-nnuf-di 

«Bder pt* : ^tancet tnitll the peat li coflYerted into charcoal or cuke. One of 

the moil , ropertlea nX the ppp<:e*ii fa, that by tbe mode adopted of ap plying 

the heat the siiuftiarce la t^ ' * ' ■ ' . i and wnftcd. In the flrat part of Ibe 

pvceaa, the peat or turf ex : by uny of the usual methods, la dried 

111 plecea of any convenient -^ ure lo aun and ajr, or to nrtlAdiil beal» 

aod afterwarda placed In an i ru 1 1 \ i ^ n ..■ t i . » r t' ■ i:*y acl ty» eai I ed ihe ' * c - ' - ' - - vft«el ♦* * 
Steam* generated in any form of boiler, with a prtrsaurc uf from 4J> 11 r «quafe 

Inch or upwards abovs the uttnosphcrlc prestnre, la passed through .i lubes of 

Iron, heated lo a bright red beat, by being placed iu a sultabia fumaer. 50 nun^ without 
losing its pretaure it acquires a-JdlKonnl tempemtura up to 4<'hi*<> or 4(T0 Fahr., or about 
the melting point of tin or lead. This part ot the opparatus is called the '*coll/* Ibe 
aurface of which sbould be nicely proportioned to the general Ing potver of the boiler. 
Tbealeamthus highly beated la permitted to paM Into the *'carbanitfng veasel** con* 
talnffig Ibe partially dried peal, and the elTect is rapidly to wUJ^draw any moisture wblrb 
may remain, la the slate of iteani, from tbepealj ihe whole of the ateam Irum ibla 
veasct Is allowed to escape, and may be adrnntageously used ais a motlve-iio^vrr, for 
prepofatory desiccation of the tm-f, or for any olber purpote. After thU drying proceaa 
haa gone on nntlL the peat or turf baa parted with nearly all ita mohlure, it tee4ns lo be 
charred or carbonlwtd by the hlgb«preasure ateam, and In proportioti aa the drliydratlon 
of the peat adyances, so does Ibe temperature of the c::kr1>uejIslTjg ve»«l Increajc. until It 

Sppaocbea dotely to that of the steam In the coll, which muai be aufSderttly high far 
e perlect decntbonUation of the peat. The process la continued until the tarf is fouud 
ndoced to a black subjLtanro, rctiiiolug the forma neatrly of the origiufil mnsaeaj but now 
■ImlMt a perfect vt}ge table charcoal or coke. 

T>r, Fott$,^T>f. Lawrence Holkcr Potts died on the 23d of March, at the 
age of dd. He was the patentee of the system of hydrftullc piledrlvjng, which la applied 
00 the Cbcrter and Holyhead, Windsor, Great Northem, and other railways. He waa 
likewise the lnvent>:ir ol a process for preserving animat aabaiaocet^ His mechanical 
genius showed Itaclt ^^v^ n uhtn ,^ h,,.' .^t u .^^ttnloitcr »cbuol, In conttrucnug an e]:ec> 
trfcal apparatus from u Icmaterials; and as It aftrrworJs Influ- 

enced hli profession&l , )ied himseir very much in the applk^a* 

tion of mechanical cut ,._ :_...^.ciit of spinal diseases. J>r. Pot U waa a 

naUvo of London, but ptactia^d loug ai Bvdaiin; and waa the founder of Ibe llofal Cora- 
wall rol]rtechfllc Sodetjr.; 



lalST OF IfSW* FATBlfTS. 

cAAirriD IN KNGLAKD FROM FcaaPART 23, TO Marcq 20, 1850* 
3i> Mmtht ^ikwed/br Snroimmi, nnfef* otherwat ejrprtnti. 

Chat lea Andrvw, of Compstali bridge, Cb«ater» tnamiAiclunr. and Rlclyird Mft'klawd 
ftf the same t^lac^, manager, for certain InproeeoMnta lo the method of, mod la Ite Ma* 
chiiirry or apparatus /or, picparlng warpa far weaving. ^Scaled February 31. 

Jaenea Hidl, of Geecroae, near 9tockport» Cheater, macblDe maker, for ctrtata tuijW P m . 

ments in looms for weaving.— February 'i!y, 

Brcrelon Todd* of the Bai^, Falmouth, gentleman, for Improeeoieitla la llie OMaofte- 
lure of araeidc, sulphuHc add, and the oxide of aoUnonry, from coppor and oltwr otm^Ia 
wMdb tbey are contained, andalao the oxide of ilnc— February 27. 

George Gwynne, of .<;usees:sqaare, Mlddleseic, csq'ilrei for Unprovenenla tn the naao- 
factureof sugar,— Febniaty 27< 

Hattbew Cochran, of Rlgh street, Palsiee, Renfrew. North Britain, nianiirb<'turer« ftir 
toipiweuieiKa in iaac>bfiiery for the nrodiidleii and oroamenting of fWbrlca and tiaaasa 
geoeruliy, parte of wblcb are appUcsble to llie teg ulaUoo of other machinery, and la par- 
t Of a elnillftr uatarr.— February 27. 

I m 



JuUat Jefll^eya, of Bucklc^rabnry, City of London^ geutleraait, ftir i 
veotinf or remoTlng affeclioiis of the cheat.— February 'Jii. 

iJeorve Toaco Peppe, of Great Marylebone^itre«t> MlddUaCia, dfU Mlgbrair* for Ua 

provementa lu llme-keepeia. — Februory ^t^th. 

Oeorge WlllUm Lenox, of Bi]llle<rf<iiiare, City of London, chain cable manufaetaiar, 
and WUliarn Roberts, fureniwci to Messrs. Brown, Lemtc, and Co., Of MillwsJI, for l«< 
pfroeeinenu In wurklug wlndloasea and other barrels — February 2i, 

Thomas Richards, Witlfam Taylor, and Jamea Wylde, the yonngtr, all of fWeea 
Worka, Walworth, S^urrey} cotton manufaclurvta, tor improved roltera to be oftcd la Ite 
loaaoflictute of alik, cotton, wooUen, and other fabrics.— -il arch 2. 



Bdafarda Stalla, of TbrotmoHoa atrcet. City vf London, genftleaMa. 
prtrrancata lli plpea for amoklog, and in the apparatua connecied Iherewltb* 

WUllam Mac Naught, of Rochdale, Laocaater, engineer, for certain liapenf^OMMi la 

alea]B'e£i|lDef ; and alio la apparatus for aacertainkig and reglaterio^ tlM power of din 
■ame.— Bfsrcb 7. 

John Fowler, Jon.i of tfellcaham, WlJta, on^eer, for improrotnenta la drotnliif land* 
^^Marcb 7. 

William Benton Stones, of Cold*Ti-sq«ape, Mtddleaex, Manchrater warebonaei&aa, fbr 
iraprovementa In Ireaiiuf |ieat, and other carbouaceous and llqueoua madcra, ao at la 
obtain products tberefroiu, (A commuuicatlon.)— March 7, 

Henry Jamea Tarlbig^ of Bayswater, Middlesex, commission agent, for ijnp 
In the manufoctnte of f^lel and manure, and deodorising and dUinfecClnff 
Marcb 7. 

Wllllaia Brown, of AlrdHe, Lanarkshire, electrician, and Wnilam WtULuBft, tbe 
yoanger, of St, Dennia, C-omwall, gentleman, for improvemrnts In electric and tn^mtHc 
appanliu for IndlcaUng and communicating Intelligence.— March 7. 

Sbeneaer 6* Pomeroy, of Cinclnnstl, Ohio, United SUtea, cbemlil, Ibr a near and 
uaefttl procesa of coaUng Iron, and other metaia, with copper and oiber naefcaltic aab- 
atancea.— Marcb 7, 

William Church, of Birmingham, engineer, for certain Improrvementa in raacbfocrr or 
apparatus to b« employed In manufacturing cards, and other artlrlet, compoaed wholly or 
In part of poper orpuxtelKiardi part or pjirts of the said machinery being appUcabft to 
printing the same, and other purposes where pretture is reqid red. —'March 7. 

Richard Anrhlbald Brooman, of tbe firm of Mesara. J. C Rolftrrtsoa and Co., of Fleets 
•Ireet, for Improvements In types, stereotype platea, and olber figured aorfiaeaa for priaU 
Ing f^m. (A commur>lcatlon.J--^March7. 

Hlcbard Carte, of Souibampton-atreet, Strand, Mlddiesea, professor of rantt^ forcer* 
lain Iro prove ments In Ibe mnalcul instramenla deilgnated ftutea, clarloneta, haolbaya* «Ml 
baaooona.— Alarcb 7. 

John Taylor, of Mancbeater, mechanical designer, and Richard Harat, of Roe^dala, 
coKXtin sp Inner, fiir certain ioiprovements In, and anpUeaUle lo. loonfcB Jbr weas^Tng, aoi la 
machlotry or ajiparatua for preparing, balUog* and nindloff warpa or yarns.— March 7. 

Gerard John de Witte, of Urook atreel, Wositalnater, MIddlaaaa, graileinan, for Im> 

!)rovements in niachlrtery, apimratua, metallic, and other aubttan<»«, for Ibe parpoaea of 
etter-preti aud other printing, (A commnntcatlonO^March 7. 

John Tebay, of Hackney, Ullddleeex, civil engineer, for an bnpraved Bdcr, ftr 
rtglatariag Ibe flow of water and other fla1da.-*Mart2b 7. 

Frederick Roatnberg, of Albemarte'Stiwt, MMdkaez,e8qnlre,aadl 
of tbe Army *and Navy Club, Saint James's^aqusre, In tbe aaaw eon 
provemsnts In aawlng, culling, boring, and ahaplug wood.— Mardl T, 

Thomaa inrlne Bill, of Gapham^ Surrey, gentleman, lor oerlftki lanpnofaaMata la Ihe 

treatment of copper and other ores, and obtaining products therefrom.— Mareb 9. 

Richard Holdswortb, of tb<» rtrrn of Rnld^n-orth and Co., cottou apiancr, and iruliaB 
Bolgate, engineer, f ' ritua and machinery for warping f 

cotton, and other fit 1 

William Crana \V I 1 1 1: esex, engineer, for eertalnli 

In Tenlllatlng, lighting. i^iA hLriUn^ jm lumps and candleaUckO', In tbe 
candles i and In tbe apparatus to be tuc«l for such ptirpoaes. — March 11, 

James Nasmyth, of LUIe, France, engineer, for improvemenia in the laelliod of 
obtaining aud applying IteAt.— March ll*. 

Robert MUUgan, of Burden, near Bingley, ITork, manufacturer, for an Improved mode 
of treating certain Aoaled warj) or weft, 01 baib, for tbe purpose of producing ornamental 
fabrics.— March 18. 

George ienhlna, of Naiaan.alreet, Soho, Middlesex, gentleman, for certain Improve- 
otaiBla in the meant of producing motive power.— Mwrob l^. 

Thosiaa Edoondson. of Snlford, Laocaater, printer, for Improveoarnta in tlie caaiia« 
factnre of railway and other tlckcU; and In machinery or apparatua for marking mUwaf 
and other tickets. -March 19. 

William Joseph Korsfall, and Thomas Jaraea, both of the Mettey Steel and Iron 
Works, Toatelb Park, Liverpool, Laucaater, for fmproremcnU In Ibe rolling of Iran, aai 
other meiala.— Marcb \lt. 

Sanroel Chsnliffe Lister, of Uanuliigham, taear Bradford, York, and QtOmt 
Donlsthorpe, of Leedt^ in the same county, mairaCacturcr. fui hiH>n)FMiini11 fil | 
and CMBihln^ wool and olber fibroua materials.— Marcb^O. 
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YORK COUNTY HOSPITAL, 

Messrs. J. B. and W, Atkinson, of York, Arcliitects. 

( With Two Engravin^g, Plates V, and VL) 

Wsffive herewith designs of the York County Hospital, now in 
progre^ft, by Messrs. J, B. and W. Atkinson, of York, who are the 
arcKitects of several public buildings in the county. 

Vork i« now the seat of a medical school which, under the 
modern re^utation^^ can g-ive a comiikte medical education; and 
U>e Ciiunty Hospital is reco^nii^ed by the medical universities as 
10 institution for practice, having acroniniodiition for the required 
nomber of one hundred patients. The building is faced with the 
best pressed red bricks, and has a stone bHJ*enient, stone dressings 
Uitha windows, and stone (Quoins. The total cost will be about 
9000^.; and it is expected the hospital will be ready for occupation 
ijithe autumn of this year, Tbe works have been pressed on, as 
the building is much wanted, and there was great delay in deciding 
ofaii tbe site. 

The hospital is to be heated and ventilated throughout on Dr, 
Araott'^s plan, and we presume lighted with gas. The veutilation 
of such buildings is of the greatest importance for the recovery of 
ptiieiits after operations, for when once hospital gangrene sets in 
it attacks many patients, and is gut rid of with difiiculty. In a 
»eU ventilated hospital fever cases can be treated in the ordinary 
wards without danger. We are glad therefore to see the attention 
civeo by Messrs* Atkinson to the sanitary arrangements. The 
Mth accommodation is shown on the plans, and we presume that 
hot anil cold water are supplied to each ward. 

The washing establishment, it will be seen, occupies some space, 
ioduding a wa^hhouse, laundry, and drying closet. The import- 
ance of this is not seen at first ; but the truth is, the expenditure for 
vaaktJig forms a considerable item of the whole yearly expenditure, 
M there is such extensive use of linen for bedding, patients' wear^ 
and for dressings, besides the private washing of the uilicers and 
senrmata. 

The tttual appurtenances of a medical school are provided, and 
include a library, laboratory, museum, deadhouse, and post mortem 
room. 

We presume that tbe establishment is so arranged that it can be 
yearly whitewashed, an operation which is found most beneficial 
r in such institutions ; and though entailing an expense, adding 
much to the sanitary security. This is now done by yearly con- 
tract in most of the best conducted hospitals. 

By the introduction of lifts, great trouble is saved to the nurses, 
much of whose time is otherwise taken up in tbe sunplv of provi- 
sioDs from the kitchens for the patients' meals, while ttere is leas 
temptations to idleness. 

Allo^tber, the arrangements are snch as are siiitable for such 
an institution, and reflect great credit upon the architects. 

The following particulars describe the accommodation on each 
floor* 

Baskmbnt Plan. — 11 feet cleari and irched over. 

1 Wishhouie 47 X 12 

2 Laundry •*• « • • * •«23>c21 

3 Dryiuic clotet 23 x 9| 

4 Maidi' halL 23 x 21 

5 Larderi and itorti 

5 Kitchen 30 x 19 

7 Sctilleries 30 x 9} 

8 HeiCing and ventilating tpparatm, &c. * « 22 x IG 

9 Air chimber 

10 Liftt 

11 Stone itaircisev 

12 Ubontory 23 x 11 

13 Muifum 31 M 23 

\4 Porter** bedroom 

15 Wine cellar 
Ifi Dead house 
17 Poit mortem 

GaouNa Plan.~14 ft. 6 in. clear height* 

1 EotrsDce ball 

2 Vestibule 42 x 13| 

3 rWspBniinr 19 x 16 

4 Wtiling patients 22 x 9| 

5 Phjiicina' room , . . , , . • 22 x 16 

6 Sorgeona' room , , . . « , 22 x 16 

7 Dreising lorgery , . , , ♦ . 16 x 11 

8 Pupili' room . . . , , . . 16 x 10^ 

9 Uoute surgeon . « * . . . , 20 x 16 
10 Ditto bedroom 16 x 12 

Ho. 152.— Vol* Xlli— Mav, 1830, 



GaouKD Plak (Ctmiinufd), 

11 M at raa*t parlour « . . . . 16 x 11 

12 Male tiajrctse * . . * * .lux 

13 Female do |ll«»de 

14 Male acddent ward 23 x 34 

15 Fftmale da. 23 x 23 

16 Private leparatioD ward * • . . • IB x 12 

17 Nuraes 

18 Sculleriei, &c. 

19 Boardroom and library • • , • . 42 x 25 

20 Secretary 16 x 12 

Chamber PtAst. — 15 feet dear heigbt* 

1 Chapel 21 X 19 

2 Wards 42 x 23 

3 Day^roomi « 2i >^ 16 

4 Private wards 16 x 12 

5 Sculleries 

6 Bathi 

7 Nurses 

8 St tires 

9 Lifts 

10 Stone staireates 

Attic Plan. — 15 feet clear height, 

[We have oot space in our Eufcravinu to show the Attic plan. It 
ia Ij feet high, and contains the following acconimodallon,] 

1 Operation room 31 x 19 

2 Wards after operations 21 x 91 

3 Fiiul ward! 22 x 16 

Wards 

Private wards 

Nit net 

Si^ulleriei and baths 

Matronal bedroom 

Lifts 

Stoae itaircaaes 

N,B»^Tbere are aerTaats' rooms partly in tbe roof. 



LECTURES ON THE HISTORY OF ARCHITECTURE: 

By Samuel Cleog, Jun., m.i.c.e., f,g.8. 

Beiivered at the College for Gtmral Practical Science^ Putney y Surrej/, 

(pRkajDaHTi fita q&acb thv hukx of buccucocHi k*o.) 

Lecturt V. — Etbubia. — Foukdation of Roaie. 

Though the architecture of the Greeks has never heen excelled, 
nor perhaps even equalled, by any other people, it waa limited to 
one style, and only existed in its highest perfection for a few cen- 
turiea. In Italy, on the contrary, we may trace the history of art 
by its monuments, through every successive style and period, from 
the rude unhewn altar to the completion of 8t. Peters at Rome. 
It is, however, to the ancient arcliitectuie of Italy I would at 
present direct your attention. 

When the Umbrians, Pelasgians, and afterwards the Etruscans, 
settled in Italy, they found the country inhabited by a wild race, 
called the Siciili or Sikeli, These never amalgamated with their 
more civilised conquerors, hut gradually retreated before them, 
until at last they passed over to the neighbouring island, to which 
they gave the name of Sicily, Here and there, rude Cyclopean 
walla may be seen, generally forming the foundation of other and 
more advanced styleB of masonry, which are conjectured to have 
been the work of the Sikeli. On the Alban mount, and in its 
immediate neighbourbood, singular urnw of pottery have been 
found, buried under a stratum of peperino, eighteen inches in 
depth. These urns are moulded into the form of rude huts, as if 
made of skins stretched on poles, no doubt imitations of the huta 
inhabited by some early race. They are cinerary urns^ and con- 
tained ashes when discovered. Small rude pots and lanips were 
found with them. When we think that these urns were lying 
imbedded under a stratum formed by some now extinct volcano, it 
carries the mind back to a remote antiquity indeed. 

Next in order follow the Pelasgic remains already noticed. The 
Pelasgtans and Umbrians appear to have been contemporary, nor 
can their remains be distinguished. Then succeed a more inte- 
resting people, the Etruscans^ who have left bo m&ay beautiful 
works of art to bear witaeis to their domimon. 

11 
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The name by which the Etmscan» always called themselves was 
Rueiia. That hv which they were known anvonpst the Greeks 
was Tyrseni, or 'f iirrheni ; hut as the I'mbrians and Pelasgirtiit^ in 
Italy were also called Tyrrhenian, it has giv^sn rise to aoine confu- 

Authors differ greatly as to whence the Etruscans came, or how far 
their doniimoti actuittly extended. In fact, we only know enough 
of them in excite our curio«ity^ without much hope of ever havi un- 
it aatUfied. Notices of the Etruacaiis are only scattered here and 
there in the Latin writings, nor can these curaory remarks always 
be relied upon. 

Micali saya, ** It k easy to understand how, dnring a pericid 
when the passion for war was all-ahtforhine:, the pnnid and barbarous 
indifference of the Romans despit»ed the knowledge of a rital 
people^ with whom they had »o long di^pyted pre-eminence and 
the empire of ltnly/* But there is little doubt tliat the Homimsj 
not only despised, hut wantonly falsified and destroyed the records 
and monumentM of Etniria; and this* has hitherto been an irre- 
parable evil, as the Etruscan language entirely differs from any 
now known, «o that the inacriptionii on the tombts are hut a dumb 
treasure. 

But who shall place a limit to the discoveries of this acre of 
energy and enlightenment ? And when we remember how slutrt a 
time it is since Ur* William Young first diacovered the key to tin* 
hieroglyphics^ and tliat within the last few months some light has 
been thrown on the cuneifonn character of Assyria, we need ni*t 
de»pHir of being enabled at sum** future time to decypher the few 
remaining records of Etruria. 

Though stime authors iid%*ocate a different ojiininn, there seems 
every reason to l>elieve thnt the Etruscans were of Eastern iirigin* 
Their religious farms Mnd ceremi«nies, their architecture and stvle 
of m»Hiinry, all seem to denote this. According to Micali, ''The 
Tuscan name filled with its glory all the country from the Alps to 
the Sicilian straits ;" but their empire must H<ion have been con- 
fined to Etruria Media, as hetween 900 and 1000, n. c, we find tlie 
namea of iEnotrians, V'olscians, Latins, and others, as separate 
states : whether tributary or not is uncertain. 

Long after this, however, and long after the foundation of Rome, 
the Etruscans continued **" lords of the ftea ;" for out f if respect to 
their power, the one sea waj? called Tuscan, the other Adriatic, 
from their great city Adriu, Ther sent imt cohmien even a** far as 
the coast of ^pain, where they founded Tarriiro, now Tarragona ; 
and thus keeping up intercourse with all the nMiims burden ug on 
the Mediterranean, wealth flowed into their country, luid art aod 
science followed in the trfiin of commerce. 

Elruria Media, or Etruria Proper, comprehended what is now 
the duchies of Tuscany and Lucca, the Papal States north of the 
Tiber, and extendetl across frtmi sea to sea. The government was 
eminently favournhle to the rise of art. It was aristocratic and 
federal ; divided into twelve districts, under the nstmee of the 
twelve principal cities, Tarqninii, Veil, Fiderii* Capre, Volsinii^ 
Vetnlonia, IluHelln% ( lusinm, Arretium, Cortona^ Perusia, and 
Volterra?. Each of these cities was ruled by a chief lucumo, tir 
king. Lurs Porsenna was called King of Clusium. Tnrqninii was 
the cupitnj city of the kingdom ; and in this district was the seat 
of the great national council, Voltumna. TJius tliese cities were 
independent, though united, and naturally vied with each other in 
producing noble works of art. The finnness of the government 
also tended to the cultivation of the elegancies of life ; for Etruria 
changed neither name, language, laws, nor religious forms during 
the whole period of its exisitence, retaining the hitter even after 
its snhjugation to Rome. 

In the north of Etruria the higher mountains are of limestone, 
and the lower range of samlstone. The siuithern district is almost 
entirely volcanic tufsi^ l«va, and scoria?, with occasional hasalt or 
limestone pewks, like Si*racte, overtopping the lower volcHuic hills. 
Consequently the masonry of north and south Etruria differs con- 
siderably. Cowing to the greater difficnlty of working the limejftoiie 
and sandstone, the blocks were sehloni cut to a sixe, though gene- 
rally squnred ami laid in horizontal course^?. In the sontli, where 
the st<»ne was of a softer nature, and more easily worked, tl»e 
mas*»nry was heautifully regular. Tiie Etruscaiis seldom, if ever, 
used cement, hut relied entirely upon the bond of their work. In 
fome instances layers of thin hricks or tiles were laid lietweeTi the 
courses of stone* Rustic work was also freituently used by the 
Etruscans. 

In part of the wall of Voltcn*iP nnd elsewhere, the upper are 
much more ma<*?*ive tlian the lower court^es, and ure supposed to 
have been placed thus, that the larger stones nnght be opposed to 
the stroke of the hattering ram. 



The situation of Etruscan towns announces a greater degree of 
sociiil security than was enjoyed by the Pelasgians or UmhriaTK. 
In the volcanic district the grtuind is split into ravine«^ eacli form- 
ing a sort of natural fosse. A piece of land lying between two 
such ravine* was a favourite site with the Etrusi*an« on which to 
erect their cities. In the north the towns were situated un an 
eminence, but not at such an unattainable height as the cities of 
the earlier settlers. Each city wa« surrounded by a massive wall^ 
and gufirded by square towers, usually about fifty feet apart. 

Sir William Gell, in hig description of the ajicient Fesceunium, 
says that about sixty towers yet remain standing. They have 
chambers in the upper story, with doors opening trom them on to 
the wall, do as to allow of an uninterrupted passage along the ram- 
parts. Each city had its citadel or arx, its templea, theatre, am- 
phitheatre, baths, and other public buildingti, remaini of which may 
yet be traced. Each city had also a complete system of ^werage, 
by which the extent of these towns of ancient Etruria may be »*een, 

Etruria Proper wai at oae time ao densely populated that there 
were walled townt^ occupying many si^uare miles, and containing 
several thousand inhabitants, within two mile* of each other. 
Now, with few exceptions, the^e great cities are laid low. Pertiaptt 
a modern Italian village occupies a corner of the ancient site ; but 
more frei^uently the t»pot in a wilderness, where the shepherdB pa«- 
lure their flocks, or a desolate swamp, where the demon maiaru 
holds undisputed possession. 

There i» no doubt ihiil the Etruscans introduced the principle of 
cuneiform suslentation into Italy. M'hetlier they worked out the 
prinriple of the arch for Iheniselves, or whether they iicf[uired it 
fr4Mn tiie Egyptians, it is impoiissihle to aay; but that they under- 
»tood and practii»ed it betore the time ul the Komaria t« |(|utte 
certain. , 




EO-u^ciiu KEiiititiurliini. 

It is singular that when they had once discovered this principle, 
they did not always practice it ; hut it seems they only applied it 
to great public works, and iu other places ^^till mndv use of the old 
Pehisgtc methods. Mmiy of their arches are formed hy the course** 
of stone projecting one over the other; and in the einissarii, or 
grottoes at the embiiuchure of the water conduits, the pointed arch, 
constructed with flsit stones meeting at an anjfle, is frequently met 
with. There is an uncemented arched churi^a at iiruvim'a*, the 
voussoirs nf which are from five to six feet in depth ; but the Porta 
•tir Arco, at V'tdterra-, is ctuisidered tlie oldest and most perfevt 
Etruscan archway now tn existence. It hns been a cniisecrated 
gateway, for the heads of the three divinities are placed above the 
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ijnp<i«U, and upon the keystone. It is g^enerally beliet'ed to have 
been built 600 or 700, b. c; but tradition gives it as earlv a date us 
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Portft air Aroo* at Vcifterra. 

Mr. Dennis, in hU valuaWe work on Etrurin (speaking of the 

Porta air Arco), g«ys ''' I envy the *itrnnger }m firut imprejisjun on 

jipprunehmg thb i^ateway: the loftinens of the arcli ; the hci]4ne8s 

(}f its span ; the niaesiveneHS nf its bhieks^ dwarlin;^ into ins^iifni- 

ficaix"^ the mediae vdl masonry by which it is riiirroiinded ; the 

venerable, yet iHjlid, mi of the whole ; antU Miore than all, the 

dark, ft?atureleHtii, mystenoua heads around it, stretch iujar forwards 

a» if eaijer to proclMim the tale of hypone rat'esi and events ; even 

[ tJ»e wte of the ifate, on the very ver|?e of the steep^ with a g-lurioua 

i map cif valley^ river, plain^ mountain, sea, headland, and i&>l»nd, 

, anroUed beneath, make it one of the moi»t impoHinfr, yet singulaTj 

( |KirtAl^ concoivaUle, and i\x it indelibly on hia memory." 

I It i^ a double ^teway ; the total depth about 27^ feet ; the span 

[ pf the arch is 13 ft. 2 In.'; the heiijht to the key«tone, about ^lA feet. 

] There IB a ^mne for a portcullis; or, as the ancients cnllea it, a 

[vntJirtiefa^ which was sui^peuded by iron chains within the gute. 

I Bimilar grmives or channels are found in all the old double gate- 

I ways in Italy. According to Mr* Dennis there h a itinerary urn, 

Ifimiid in the cemetery of ancient Volterne, on which is fii^ured 

iCapaneur^ struck hjr li^htnin^ while sct*Iin^ the g-ate of Theben- 

[The gate represented on the nni is an exaut copy of tht^ Porta aJF 

[Arco, with the three heads on the imposts and keystone. 

The three principal divinities, Tina, Tain a (or J up iter and 
[Juno), aiid Minerva were the onJv deities to whom templet* were 
l^rected within the city walls. The ground plan of the temple 
[was divided into six parts for the Jen^ith, five being given to the 
[ii-idth. The length was then divided into two equal parts^ one of 
Lwliich was for the eel lie, and the other for the vetitibule, or por- 
The width was divided into ten parts; three parts on each 
Fside were given to the smaller cellie, and four tu the centre, or 
[principal ceLla, These cell a» were sometime* separated by walls, 
I ^ometiiiie^ only Ity columns, like a nave with side aisles. The 

{jrinripal nltar was in the centre eel la, answering to the high altar 
n Catholic chnrches. The lateral walls of the temple terminated 
111) anta? ; the columns at the angles were placed opposite the antje, 
[fcnd far enough distant to admit of another in the interval, llie 
[two other cofumns in front were placed in the line of the walls 
eparating the cellae. 

The following are the proportions of the Tuscan column, as 

iven by Vitruvius. " The colomnis are to he i^even diameters high, 

heir height one-third the width of the temple ; the diniinutiim 

l4»f the shaft one-fourth of the louver diameter; the ba^es half the 
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lower diameter ; and divided in height into two parts, the lower 
for the circular plinth, and the upper for the torus and apophyge. 
The height of the capital to be also half the lower diameter ; the 
greatest extent to he equal to twice the height. The plinth, cor- 
responding to the abacus in other orders, i*; to be one-third the 
height of the capital, the echinus one-third, and the hypotrache- 
hum with its apophyge one-third." The iutercolumniation wa* 
areostyle ; the architrave was formed of beams of wood, placed one 
upon another, the height being according to the magnitude of the 
temjde; the beams were joined together by cranaps and dovetails; 
the mutules prnjected one-fourth of the height i»f the column, both 
beyond the architrave and the lateral walls of the temple. The 
tympanum was constructed either of masonry or timber, &ad was 
ornamented with figures in terra-cotta, or gilt bronze. 

The ancient Etruscan column probably differed from the Tuscan 
order as laid down by Vitro vius, and was most likely merely a 
mtiditi cation of the ancient Doric derived from Phainicia. The 
Greek I>oric had no base, because the columns having to support 
a heavy stone euttiblattire, the intercolumniutlons were necessarily 
narrow, and a base wtiuld have been inconvenient: but a base waa 
not an unnatural addition. In wt»oden structures it would be a 
Hlab phtced below the pillar, to preserve it from the damp of the 
pround; and was introd»u*ed into the Tuscan order, where the 
intercidumniations were wide, the columns only having to support 
a wooden epistylium. The Tuscan leuqde is the simplest and 
most primitive, the wooden building being as yet only partly 
exchanged for stone; the mutules are exact imitations of projecting 
beam ends, without even an uttem|*t at ornament. There was no 
frie^ee in the Tuscan order, and the shafts of the col umnt were 
never fluted. The whole structure is low and imposing. 

At All»ani», there are some few fragments of the Tuscan temple 
of Jupiter Latialis, boilt by Tarquin the Proijd. They were found 
when the Convent dei Passionanti vvas built upon its site, and 
nearly correspond with Vitruvius's descrijjtion of the order. The 
sacred architecture of Etruria was more under religious constraint 
than that of Greece; but if thev had one undeviating plan and 
order for their temples, they, like the Egyptians, allowed their 
fancy full scope in decorating their tomlis and other structures. 
Capitals have lieeu found in various parts isf Etruria, bearing some 
reb»emblance to the early Norman, with heads intermixed with 
volutes and foliage. These are not supposed to be very ancient, 
and may probably be dated near the fall of Etruria, 
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EiruicHn Cupuul, roujid hi Tv*cimdi»4^ ^ 

The amphitheatre, with it« gladiatorial games, originated with 
the Etruscans. The Romans imitated these sports, and rendered 
them still more ferocious by an infiihion of their own warlike spirit. 
It was tliought beneath the dignity of a lucumo to join in any public 
trial of strength or skill ; so instead of the refined contests of the 
(i reeks in music, poetry, and athletic exercises, the Etruscans 
obliged their slaves to combat in the arena, for the amusement of 
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their indolent and luimrious masters^ The word amphitheatre h 
derived from the Greek, and signifies a pUce formed of two thea- 
tres (fimphithratroi\ or the parts of two circle* united, the usual 
form lieing an ellipse. The seats were arraiiffed entirely round the 
arena, &o that the apectatorw could see equiilly well from all parts 
of the building. It waa appropriated to gladiatorial games, wild 
beast fights, and similar t^pectacle^* 

An £tru$can amphitheatre wa8 discovered at Sutri, br the Mar- 
quis of Savorelli, only twelve yeftr» ago. The ground is now 
cleared of rubbishy and the tr^es removed by which it was over- 
growtu The plan is $K>mewhat irregular, being carved out of the 
rock, and the seats and passages formed according to the natural 
surface. The arena is 164 feet in length, and 133 feet in its greatettt 
breadth. A vaulted corridor surroundn it, into which access is 
gained by doors in the podium* The seats rise from the podium, 
or low wall surrouuciing the arena. To continue the description 
in the words of Mr. Dennis: ""^At the interval of every four or 
five (speaking of the rows of »eats), is a prcecincto, or endrcling 
jyaasage, for the convenience of the spectators in re/icliinjL'^ ther 
seats. There are several of these pra?cinctiones, and also a broad 
corridor above the whole, running round the upper edge of the 
structure. On one side, above the upper corridor, rises a wall of 
rock, with slender half^columns carved in relief on its face, and a 
cornice above. In the same wall or cliif are several upright niches, 
perhajis for statues of presiding gods. Another peculiarity in this 
amphitheatre is a number of recesses, about half-way up the slope 
of Heats, There are twelve in all, hut three are vomitories, and 
the rest are alcoves, slightly arched over, and containing each a 
seat of rock, wide enj»ugh for two or three persons, probably 
intended for the magnates of the town. At the southern end ia a 
vomitory on either side of the principal entrance ; at the northern 
on one side only of the gateway. The vomitories have grooves or 
channels along their walls, to carry off the water that might perco- 
late through the porous tufa. This feature is frequently observed 
in the rock -hew n sepulcbrei* and roads of Etruria, The vomito- 
ries contain flights of steps, separated by landing places. The 
entrance passage is hewn into the ftjrm of a regular vault, sixteen 
or seventeen feet high, and about the same in width : its length is 
aixty-eigbt feet." This is an interesting ruin, showing us the 
model from which the Romans copied. Of Etruscan domestic 
architecture we know little, except from the imitation of dwelling- 
houses iu the tonibs. Servio, in speaking of Adria, says that the 
houses had large open vcKtibules, which were afterwards imitated 
by the Romans, and by them called atrii. The atrium seems to 
have been a kind of entrance court, with a pent or roof round it, 
and a tauk in the centre to receive the rain. The roofs of the 
houses were covered with coloured tiles, and fancifully decorated 
with musks and other devices. 

The same taste for tomb decoration prevailed in Etruria, as 
amongst the nations of the East. The necropolis was usually on 
the opposite side of a ravine, or stream of water, which separated 
the city of the living from that of the dead. Each Etruscan city 
bad some peculiarity in itn mode of sepulture, depending in a great 
measure on the nature of tlie ground. Castel d' Asso, Norchia, 
Bieda, and Sovann, are, literally speaking, **- cities of the dead ;'* 
the low cliffs on either side the roadway being sculptured into the 
resemblance of the exterior of temples and bouses. The rock is 
chiselled smooth, and the ornaments left in relief; the doorways 
taper inwards like the Peliti^giiiu, and the whole front ha« an 
inclination backwards, as may be seen from the profiles of mould- 
ings in the drawing: the mouldings are frer|uently carried round 
the sides of the sepulchre ; where this is not the case, one tomb is 
separated from another by a fligltt of wtepa leading to the top of 
the cliif. In the interior, the sepulchres are generally excavated in 
imitation of constructed dwellings; the ceilings are carved to 
resemble low pitched roofs, formed with rafters placed at the angle 
that would he necessjiry in a climate like Italy, where snow 
rarely lies. In some of the rock-chambers, the ceilings are divided 
by heavy beams into square compartments or lacunaria, w*bicb are 
decorated with painted de^'ices. When the chamber is large, the 
roof is supported by massive S4|uare pillars ; at Bomuzzo, there is a 
pillar with a semicireular side facing the entrance ; the capital is 
a square block bevelled off towards the shaft. The sarcophagi^ on 
which the dead recline as if at a banquet, are ranged along the wall : 
when benches of rock are left to receive the bodies, they arc carved 
iiito the exact resemblance of couches, with cushions and legs in 
relief. Like the tombs of Phrygia, many of the d jors are fictitious^ 
the real openijigs being below : like these tombs also, there are 
insUinces of perpendicular chimney-like shafis, leading into the 
chanibers. At Bieda, the sepulchres are arranged in terraces^ 



communicating by flights of steps; here detached masses of rock 
are carved iu imitation of houses, with sloping roofs and over- 
hanging eaves. At Norchia, are two very singular temple-like 
faij'ades ; columns have been attached, but they are now broken 
away ; these fa^^ades have a frieze with a triglyph-Uke ornament ; 
the cornice of the pediment terminates on each side, in a volute, 
within which is a gorgon's head, a favourite sepulchral device; 
figures are carved in bold relief in the tympanum. 

It is singular that in a country like Italy, abounding in artists 
and learned societies, and traversed year after year by tourists of 
all nations, such relics of antiquity as these cemeteries could have 
remained undiscovered until the last half-century, though within i 
few miles of the high road between Florence and Rome. The 
necropolis of Sovana, no less rich in excavuted tombs than those of 
Castel d' Asso, and Norchia, was first explored by Mr. Ainsley in 
1843, Most of the sepulchres bear inscriptions in the mysterioui 
Etruscan language. 
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Tumutu* IU Tarriulnli, tettoted. 

In other parts of Etruria, the form of sepulchre wag that of a 
cone or tumulus; these were formed by a low circular wall of 
masonry, iu which were the entrance doors, and surmounted by a 
cone of earth ; the apex was occupied hy a figure of a sphinx, and 
similar figures were ranged along the' coping of the wall. The 
tumulus inclosed several tomhs, that of the lucumo, or chief 
person, being in the central and highest part oftlie cone. This 
form of sepulchre prevailed at Tarquinli : the necropolis of this 
city occupied an extent of sixteen miles; 2(K}0 tombs have 
already been opened, and a rich store of vases, bronze, and gold 
work, and other curiosities brought to light. In the palmy days 
of Etruria, the corpse was laid in a carved sarcophagus. Numa 
I'ompilius left directions, " that his body should not be burnt, but 
should he laid in a stone coffin, after the manner of the Etruscana** 
In still more ancient times it was the custom to lay the dead on a 
bier, or funeral bed, clad in armour or ndies of state. 

Mrs. HaraiUon Gray, the accomplislied authoress of the "^ Tour 
to the Sepulchres of Etrurij*,' gives the foUowing account of the 
opening of a Tarquinian tomb : — ^* In the year IS^ti, Carlo Avolto, of 
Corneto, had a most unexj»erted glimpse of a Tarquinian lucumo. 
On removing a few stones from the upper part of a sepulchre, he 
looked through the aperture to discover the contents, and behold, 
extended in state, before him lay one of the mighty men of old. 
He saw him crowned with gold, and clothed in armour; his shield, 
spear, and arrows were by his side, and the warrior s sleep seemed 
rather to be of yesterday, than to have endured well nigh thirty 
centuries. But a sudden change came over the scene, and stnj-tled 
Avolta from his astonished contemplation; a slight tremor, like 
that of sand in an hour-glass, seemea to agitate the figure, and in 
a few minutes it vanished into air, and disappeared. When he 
entered the tomb, the golden crown, *ome fragments of arms, and 
a few handsful of dust, were all that marked the last resting-place 
of this Tarquinian chief." 

According to Mr. Dennis, the painted Etruscan tomhs only aver- 
age about one in fire hundred ; a sufficient number, however, exist 
to enable us to trace the progress of Etruscan art, from the stiff 
and ludicrously disproportionate figures of the early ages, to the 
exquisite grace and sentiment of the most cultivated period. It is 
a question much discussed, whether the Etruscana copied their art 



from the Greeks, or whether the Creeks were indebted to the 
Elruficans. Notwithstanding the traditiuu of l>etimratu!» of Corinth 
wttliJig at Tarquinii, with the artists Eucheir and Eugrammus*, 
'^connin^ h&nd^ and ^^ cunning carver," I am inclined to believe 
i^t the fove of the arta sprang up among^^^t each people indepeii- 
ientJ^, and, perhaps^ simultaneously ; and that owing to mutual 
intercourse, mutual improvement may have taken place. The 
etrly, or archaic atyle, both in Etruria and in trreece, wa^^ stiff and 
rude ; hut a« the arts prtigressed, the Greek and Etruscan echools 
(if 1 may »o express it) became more distinct. The Etruscans 
imwet attained to Ibat perfection in drawing and matchless grandeur 
«f desiin), that renders Greek art pre-eminent even at the present 
day ; but they delineated the scenes and feelings they wished to 
perpetuate, with a grace and tenderness that has onfy been sur- 
pMsed by the after-dwellers in the same land — ^the mediseval 
iitista or Italy. 
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Etruicfln Later Stjie, fK»m Tomb at Tafiiutnii. 

The paintings in the sepulchres of Etruria do not represent the 
• avocations of daily life, as in those of E^'pt, but generally funeral 
ftsksts or processiuns ; or frequently aOe^oricai i^ubject^^ such as 
' the contest between the good and evil spirits for the soul of the 
imparted, or the last sad parting scene, where the inexorable 
angel of death, with uplifted hammer, is about to strike his de- 
itined victim, while weeping friends gather round. The Etruscatis 
I appear to have used colours conventionally, giving their paintings 
as<tmewbat absurd effect to our uninitiated eyes; thus, the coun- 
^nafjcea of the male figures glow with a brilliant red, emblenia- 
tteal of their state of beatitude, and the horses rtjoice in black 
liooft and blue tails. They, however, made use of the secondary 
colours, such as greys and violets — so rarely found in ancient art, 
and their ornamental borders show an advance of taste beyond 
the «tiff and crude patterns of the Egyptians, The Etruscans 
never excelled in sculpture, prubably owing to the want of material^ 
^Limo, or Carrara marble, not being then quarried); but in mould- 
ing in terra-cot t a, which Varro calls the mother of statuary, or in 
tnetal work, they were unrivalled. We are assured that Etruscan 
u^s of giJt bronze were considered by the Greeks as amongst the 
moat valuable household goods; and the statue of Minerva, the 
^masterpiece of Phidias, was adorned with Tyrrhenian (or Etrus- 
an) sandals, 

I have mentioned before that the Etruscan government was 
founded on an exclusive aristocracy; thus the population was 
4ivided into the two classes of nobles and serfs; the latter were 
employed by their masters in task-work, who were thus enabled to 
carry out those vast undertakings for which they were so cele* 
brated* We must, however, do the Etruscan lucumones justice, 
nr their clients were not burdened to produce monuments to the 



selfishness and vain glory of their lords, as in the East, but were 
occupied in great public works, for the benefit of the whole com* 
munity, Etruscan roads extended from one end of Italy to the 
other, and even across the Alps ; and noble arches of stone were 
thrown over rivers and ravines; the Ponte Labadia, and others, 
still show foundations of Etruscan masonry beneath the Roman 
repairs. According to Dr. Meyer, the roads were constructed in 
the following manner: — the ground wai dug to the depth of two 
feet, and beams of charred wood laid as a foundation; upon this 
was placed silaria, or a composition of earth and stone ground to 

f taste, and then a layer of basalt over all. Another method was to 
ay terra-cotia or broken stones first, and then to pave with hewn 
stones upon this foundation. But the most magiuBcent achieve- 
ments of the Etruscans were the extensive tunnels and draining, 
by which the country of Italy was changed from an unhealthy 
swamp to the garden of Europe, Formerly the heights only were 
habitable, on account of the malaria : the site of Florence was a 
lake ; and the beautiful Val d'Arno nothing but an unwholesome 
marsh. A tunnel was cut through Monte Gonfalina, which drained 
the valley, and enabled it to be brought into cultivation. Tunnela 
were also excavated at Fiesole, from lakes Meoni and Gala no, and 
other places too numerous to mention : even at the present day, 
Etruscan emissani are constantly being discovered. The learned 
Niebubr himself first examined the subterranean conduits at Fie- 
sole, in 1820. They also deepened the channels of the rivers, and 
straightened their course. Land was gained by draining off lakes 
that had formed in the craters of extinct volcanoes ; several such 
craters exist about Perugia, and though the tunnels have never 
been cleared out, they still continue to act. 

In speaking of the foundation and building of Rome, we have 
Etruria still under consideration, at* far as the arts are concerned ; 
for, however much historians may differ as to the extent of Etrus<*an 
political influence at Rome (Miiller believing Rome under the Tar- 
quins to have been an integral part of Etruria, and Dr. Arnold 
supposing the Tartjuins to have been indeuendent kings, though 
of Etruscan lineage )» aO agree that Rome looked to Etruria lor 
her architects and artists : nor must this Etruscan infiuence be 
forgotten, as suhsnequently it gave the architecture of the Romans 
its distinctive character from that of the ti recks. This is not the 
place in which to repeat the well-known legends of Romulus, 
Numa Pompilius, and the other early kings of Rome, but they 
cannot be passed by without a regret that so little is known with 
any certainty about the first few centuries of the once mistress of 
the world, and that the writings of Numa Pompilius, the thirty 
books of the Emperor Claudius on the Etruscans, and other works 
which might have revealed so much, should be lost to the world. 

The hills of Rome are b»w, but steep and rocky; small villages 
were already scattered over them, and a colony was established *m 
the Palatine when Romulus and Remus arrived to take possession 
with their shepherd band. They proceeded to mark out the first 
boundary of the future Rome, about the year 753, B.C. Romulus 
marked out the pomoerium round the Palatine, according to the 
Etruscan ceremonial; and it was for contemptuously leaping over 
the sacred furrow that Remus lost his life. The poma^rium was a 
space left both within and without the walls of Etruscan cities; — 
the word is variously derived from post murem^ or pfme muro^^ or 
prarimnm muro ' it was never built upon, nor applied to ngricul> 
tural purpo»ies, but was URcd by the augurs in taking the city 
auspices. The ponioerium was carried further out as the cilv was 
enlargetl, and its boundaries marked by cippi, or termini. When 
the foundation of a new city was to be laid, a favourable day was 
appointed by the augurs for marking out the boundary; aline 
was first drawn with white earth or sand; a cooper share was then 
fixed to a plough, to which were yoked a bullock and a heifer; the 
plough was guided along the line by the chief or king. Both the 
animals were to be white, to denote the simplicity and purity iii 
which the citistens ought to live. The bullock was placed on the 
outside, or next the country, to show that it depended upon the 
men to cultivate the land and guard the public safety, by watch- 
ing over what might take place without the walls; the haifer was 
turned towards the city, significant of the household and domestic 
cares devolving on the female* The plough was guided so that ail 
the clods should fall inwards, another person following to see that 
none remained outside: this was to teach the people to gather 
together within the city all that could contribute to its increahe 
and prosperity, and to leave nothing beyond its limits that could 
be hurtful to it, or advantageous to its enemies. The sacred 
plough was lifted over the place where the gates were to be, other- 
wise no dead body or unclean thing might have been carried out« 
The new city was then placed under the protection of some 
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dii'inity, by a secret name, thnt its enemies mig:ht not be nble to 
divert the divine favour: it is said the secret name of Home was 
Valeritia. At the ft>ufictiri^ of Rome » Ruhterranean vault wraa con- 
structed under the pliife called the (\>mitium; this vault wm fiUed 
with the firstlinpi of all the nRtural productions used as food, and 
with earth broug-ht fr*mi the native |>lMce of each of the mixed 
l»eoole that were to form the future popybition of Rome, The 
vault was called Miindug, and was believed to lie the entnmce-gnitc 
to the world of spirits; the door was opened three days in the 
course of the yenr^ to allow the souls of the dead to enter* Lu- 
cerum, on the Coelifin, auppoaed tohave been an Etruscan settlement, 
was first united with the Palatine; then the hill of the Sabines, In 
early times called the Aj^■onian^ but afterwards the Quirinal, of 
which the Capitoline was the citadel. After the rape of the Sa- 
Uines and its conseiiuences*, when thest two cities of Rome and Qui- 
rinum had united on equal terms, the temple of the Double Jarms 
was built on the road between the two hills, with a door facinjf 
each city; these doors were open durin^r war, that succour might 
pass between the allies, but closed in time of peace, to denote theiir 
being distinct though united. By deirrees, a* union was cemented, 
and friendKhip fostered by intermarriage and a common religion, 
the two cities agreed to have but une king, and one senate, 
and thus became incorporated. Ancns Marlius built the first 
bridge over the 7'iber, and a fort on the Janicuiunu The 
bridge wa« a kind of wooden draw-bridge, the Tiber being the 
{^ent division between Etruria and the kingdoms of the south: it 
wag not until several centuries after the establishment of the Com- 
monwealth, when the Roman dominion had become enlarged and 
. con sMili dated, that a permanent stone bridge Wtus built. The prison, 
the most ancient building now existing in Rome, \^ also said to be 
of the time of Ancus Mnrtiiis. The splendour of Kome began 
with Tarquinius Priscus; under this king the city, with its «even 
districts, was surrounded by a stone wall. The wall was built 
ailong- the outside edge of the Quirinal, Capitoline, Aventine, and 
Caelian hillg; from the Ctnlian it extended to the Esquillne, where 
a hig-h rampart, strengthened by towers, was mised from the Esipii- 
line to the northern side of the Quirinal. This rampart was .50 
feet in width, and above m feet in height; the moat out of which 
the puzzolano was dug with which the wall was con.^tructed, was 
UH\ feet in breadth, and 50 feet in depth: the ramoart wa« faced 
with flag-stones on the side next the moat. Much of the space 
within the wall at that time (considerably more than the usual 
jHmio?rium) was entirely uninhabited and uncultivated, and might 
almost appear to have been inclosed in a prophetic spirit, fore- 
shadowing the increase and glory of Rome. The Viniinal, when 
thus inclosed, was overgrown with osier thickets, and the Egiiut- 
line took its name from the oak-woods with which it was covered. 
The herdsmen, *vith their cattle, took refuge within the walls in 
time of war. These fortifications would seem ti» imply Etruscan 
domination; for as Rome was situated at the southern verge of 
their kingdom, they would naturally make it a stronghold against 
the southern states; but would scarcely have sent Etniscnu arti- 
ficers to an infant city to fortify and adorn it, when it might turn 
its strength ag-ainst them as scam as cimipleted— an event which 
occurred on the expulsion of the Tarquins, That Rome, during 
the tir«t few centuries, was in itself tnsignittcant, is evident from 
the fact, that while the Greeks held constant intercourse with 
Etruria, Rome was scarcely known to them before the time of 
Alexander the Great. The first mention of the name is found in 
the writings of TheopompuSj who lived in the time of Philip of 
Macedon; and Heraclides of Pontus, a disciple of Aristotle, mis- 
takes Ronie f<ir a tireek maritime city, and mentions it fis heiDg 
attacked by a fleet of Hyperboreans, instead of by the Gauls. 

It is doubtful whether the erection of the Capitoline temple of 
Jupiter is to be ascribed to the first or second TariiTiiu, It was 
built after the Etruscan manner, though on a more splencUd scale 
than usual; for the portico which faced the Palatine had a triple 
row of columns, while a double peristyle inclosed the siiles; the 
foundations of the ancient structure are still in existence. A 
chariftt of terra-cotta was ordered to be prepared at Veii, to orna- 
ment the pediment of the Capitoline temple. When the chariot 
was in the furnace, the clay was observed, instead of contracting 
as usual, to expand, so that the workmen were obliged to take 
down the furnace to get it out. On €<msiilting the augurs re- 
specting this miracle, it was decided that it was an omen of in- 
creased diminion to whichever city should obtain possession of the 
chariot. The Veiientes, upon hearing this, determined to keep it 
themselves, making an excuse that the Romans had forfeited their 
right to it by the exj»ulsi«n of the Tarquins, by whom it had been 
ordered* Soon after, a chariot race took place at Veii, wheu, to 



the consternation of the people, the horse of the winner took 
fright without any apparent cau«e, dashed along as far a« Rome, 
to the foot of the'Capitoline^hill, where the charioteer was thrown 
out and killed on the spot. The people of Veii ima^ned this 
catastrophe to be a warning from the godia, and immediately gave 
up the contested chariot to the Romans, who placed it in triumph 
on the pediment of their temple. 

The most celebrated of the Etruscan work« in Rozne^ is 
the great Cloaca Maxima, which pours its river- like water into 
the Tiber, after draining the Velabrum and the valley of tbe 
Cireus, previously an uninhabitable swamp* This great cloacm 
is composed of three semicircular arches, one within the other; 
the span of the innermost being 14- feet, and formed of hewn 
blocks of peperino, fitted without cement. Another great drain 
running into it was only discovered in I7i2. Jn short, it is 
affirmed by some authors that Rome was subterraneously nairiga^ 
ble. Public officers were appointed to keep the sewers in repair, 
called '-'■Curatores crloacarum ITrbis/' On the land reclaimed by 
means of these drains, Tarquinius grunted space for a forum, 
round which porticoes were erected. He also allotted another part 
of the redeemed grcmnd for a circus. The building materials of 
the Romans at this time, was confined to the pejjerino of the <t«ar- 
ries of Alba and Oubii, the tufa of the Campagna, and the porous 
travatine of the Anio — materials wholly uusuited to decorative ar* 
chi lecture, 

in the year .509, nx,. Tarquinius Superbus was driven from 
Rome, and the Commi*nwe;dth declared. From this time until the 
commencemeut of the Empire, the people were occupied with 
unceasing wars, and no great architectural works were exe- 
cute<L Soon after the banishment of Tarquinius and hii 
family, Tarquinii, the capital of Etruria, was destroyed. After 
this the Etruscans gradually lost power and influence, though tb|^_ 
preserved their peculiar religious rites till the Christian ^^^| 
tJne by one, the great Etruscan cities tell, till the country paiil^l 
under the dominion of Rome, in the time of Scylla, 90 u.c. 

From the time of its subjugation to the last half century, 
Etruria was almost a forgotten name. Within the laid; few years 
much interest lias been excited, and mfiny valuable works written; 
and there is little doubt that future research will throw yet more 
light upon the arts and history of the once refined and powerful 
Etruscans. 

In my next lecture, I shall be^n the history of Greek arcKi- 
tecture; commencing with an iniiuiry into its origin, and the 
causes of its pre-emiuence, 
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ON THE EXPLOSION OF STEAM-ENGINE BOILERS. 

Of late years, and more particularly during the last few months^ 
steam-engine boiler exclusions, both in this country and in the 
United Stiites of America, have been of very frequent recurrence, 

llie awful sjicrilice of human life, and great destruction of 
property usually attendant on them, invest these matters with 
grave interest. 

In the United States, high-pressure uteam is commonly employed; 
essentially so in the steambiiata which n?ivigate the Delaware, 
the Hudson^ and the Mississippi, In the United Kingdom, 
nlthough high -pressure steam-engines a reused, yet the employment 
of them may be considered us the exception, not the rule. 

Anomalous as it may seem, it is nevertheless true-, thiit explosions 
of the kind, in this kiui^dimi, more frequently take place with 
Ijoilers worked either at low, or at moderate rates of pressure, than 
with thoi?ie worked at high. We w ish particularly to impress this 
knowledge on the public mind. It is essential to the ioteresta of 
the communitv that it should be so. A want of that knowledge^ 
combined witfi the erroneous opinions which generally jjrevail on 
the cause of steam-boiler explosiimsj and which attribute such acci- 
dents, almost uuiversidly, to great intensities of pressure of steam, ■ 
or the liberation of the gasea, have, we are induced to believe^ 
been the cause of many sueh catastrophes. When, tlierefore, 
we reflect how important it is for the proprietor of a steam- engine^ 
as well for his own pecuniary interests as the personal safety of 
those who are employed by him, to be acquainted with every 
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minute particular of niiitters of this nature, we are led to explain^ 
vhiil, in uur opmion, in one primary cau^a of »uch expluuioos. 
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In the preceding woodcuta, fig. 1, represents a vertical sectiota^ 

iod fig. «, a plan of the umlerneath part of a cireular-shaped 
biiiJer. concave at tlie bottom, and hemispherical or domed over at 
the top; not uncommon in the mining diatricts of the kinffdum. 
ItoHers of this kind, from having betHi extensively adopted hy the 
eminent engineer, are not unfrer|ueiitly called, the ^''Smmton- 
hmkr." By other person*?, the ^^t'gg-knkr,"* from itH appearance, 
when rising above the brickwork, assimilating to that oi an e^g in 
its cup. 

It has faUen to our lot to witness, during our professional prac- 
tice, the de«tnictive effects of explosion, as produced l>y two boilers 
of this peculiar construction : one in Lanciisblre, the other 
in Staffordshire. In both instances^ tlie hojlers, though of great 
irei|^t, were lifted from their sents, and blown to almost incredible 
di«tance«. Yet, the boilers were employed ordinarily in generating 
lotr^preeanre steam ; and, so far as could be ascertained, there was 
no reason to doubt that, at the time, either of tbem was acting 
Otherwise than in the usual manner. Numerous opinions, entirely 
of a speculative character, were advanced as to the causes of tbe«e 
explosions. Most of them hinged, as is usnul in such cat>eg, either 
on the suppositi«in that the safety-valve was defective, which 
allowed of an undue augmentation of steam in the boiler^ until it 
attained to a pressure thnt could not he resisted ; or, to the non- 
Kffective working of the hot-vvater pump, which, Ivy not sujmlying 
the boiler with water to compensate for that vapo'urised, allowed 
the metal of the boiler to become so heated by the action of the 
fire, as eventually t^» absorb the oxygen frt»m a portion of the 
water, and thereby liberate its other constituent, the htfdmgm^^^ 
whereby, in the opinions of such persons, explosions do take place. 
We, from our own examinations, entertained very different 
tlioaghts at the time, although we had not occasion publicly to 
a^'ow them. Since those periods, the personal inspection of 
ntimerous boilers have confirmed the impressions we ttien enter- 
tained. 

We shall now endeavour to elucidate, by familiar exposition, the 
causes of such explosions ; and we dti so the m*»re willingly, as we 
are in the hope that much good may be educed, by eliciting the 
attention of engine proprietors and engine-tenters to the matter. 
We must state, however, in the first place, that as we have not 
got by us, convenient for reference, the dimensions of the two 
^tler^, to whofle explofiiiuis we have referred, we shallj for the ar- 
g^ument, take supposititious dimensions. 

Suppoiie the diameter of the circular part of each boiler, at n, ft, 
or c, tt^ to have been 1*^ feet, and that, for «ike of simjjlili cation, 
the cuTv<*d top and hultom parts of the boiler, though convex and 
Ccmcuve, he ctinsidered to have been Hat, — each presenting the 
i^me diameter of l*i feet ; under such circumstances, the urea of 
the t<»p and bottom plates, respectively, wmild have been 1*J,*286 
inches. If, therefore, the presure of the steam within the boiler 
Tanged ni» higher than 12 U>. Ijeyond the atmosphere, the total 
amount of pressure *ui the top and bottom plates would not have 
been less than 195,43!^ lb., or about 87| tons each. 

Now, if we examine attentively the nature of this pressure, or 
fute^ we shall perceive that, so long as the boiler remains sound, 



or IB in good condition, this enormous amount of power acts 
equally, aiyi iuternailif^ both against the bottom of the boiler with 
a teudeticy to force it the more firmly on its seating of brick-work 
and against the t«^p of the boiler with an inverse tendency to pro- 
ject it into the air on the principle of the sky-rocket. Both forces 
being equal, and acting in opposite directions, balance one another. 
Hence, so lon^ as the boiler remains sound, these conditions are 
undislurbeil, and the action of the force is equivalent to that of 
fitatical equilibrium. The boiler, therefore, has no tendency to 
ascend or descend, hy virtue of that pressure; but is retained on 
its seat hv the weight of the metal of which it is corapo«ed, and the 
weight of the water within it. 

Suppose, however, on the other hand, that from long usage, and 
consequent weakening of the boiler by the action of the fire upon 
it, a rent, or considerable fracture of t)ie metal, takes place below, 
BO as to allow of a sudden ami comparatively large escape of heated 
water into the l^ue, or space g^ h^ and on and against the red-hot 
brick-work. I'he consequences then become frightful. The pres- 
sure on the top and bottom of the boiler, inientallg^ still balance 
one another, minus the less amoant of pressure on the bottom, 
caused by rentoval of that portion of the metal displaced by the 
fracture. But underneath the boiler, between it and the brick- 
work, the destructive effect of the pressure — caused by instanta- 
ueoos evolutions of large bodies of steam from the heated water 
and heated brick-work — becomes alarmingly great. It is of itself 
amply sufficient, without extraneous aid, to account for all those 
devastating and painful casualties we are accustomed to witness at 
such times. 

We repeat that, just before, and immediately subsequent to the 
fracture, the pressures in the interior of the boiler are equal, minus 
the less amount of pressure on the bottom, subducted by the open- 
ing made by the rent. But beneath the boiler, the pressure acts 
equsily againi^t the brick-work of the fiue, g^ A, and the under-side 
of the bottom part of the boiler ; and as this latter is unconnected 
with its seating of brick -work excepting by its weight, which in a 
boiler of that construction, does not, with its C4.>mplement of water, 
<*ften exceed twenty tons, the projection of the boiler into the at- 
mosphere is the inevitable result. 

It is not possible to determine what the amount of that projec- 
I tile force may be. For, m hen the fracture takes place, and the 
water, by escape, (occupies a greater space, the pressure of the 
steam is most probably diminished in the interior of the boiler, 
although acting with equal intensity of force a* ngardif that prejt^ 
ttNrey both against the top and bottom of the boiler internally. 
But beneath the boiler the pressure is augn^ented to an enormous 
extent, partly by large bodies of the heated water— already at the 
temperature i+5^ — flashing, when liberated, instantaneously iuto 
steamy and partly hy other quantities of such water being pro- 
jected against the red-hot brick xvork of the Hue, and on the hirge 
mass of ignited coaJ on the fire-grate — and, by suddenly absorbing 
from such sources other and large quantities of caloric, being as 
instantaneously flashed into »leam. It should also he borne in 
mind, that the additional quantities of steam thus generated exert 
no force whatever inside the boiler, or comparatively none; and 
that the whole amount of the pressure is directed against the 
exterior of the boiler, increasing, largely, the projectile power, 

Suppose, thereftire, that the amount of pressure lost by the 
escape of the water into a larger space, at the time of the fracture, 
to be reinstated hy the additional quantities of steam thus suddenly 
evolved (and we think it quite poaaible), it will he perceived that, 
in such case, the pressure exerted against the under-side of the 
boiler by the newly -evolved steam, is tt7| tons; that the resistance 
to that }\)roe is derives! only from the wei^iit of the Ijoiler, and the 
water within it, together amounting, probably, to 17^ tons; and 
that the projectile force is equal to 70 tims. Hence, the boiler 
must be blowji from its seating, and projected through the air, mid 
the brickwork be scattered in every direction. But even if we 
admit the force, as exerted by the pressure, to be equal tuily to one- 
haJf of that amount, or 35 tons, still heing titrivt^/nrnt an dimtic 
ugent^ it is amply sufficient to produce all those devastating effects, 
wlnrh, under such circumstances, we are accustomed to see rect>rded. 
The direction that an exploded boiler may take in its fiierht most 

f>robably is influenced hy the position of the fracture. This will 
10 better understood by reference to the subjoined diagi'am (**^ 

in the preceding section let fig. 3 represent a wagon-shaped 
steam-engine boiler, set in the usual maimer, in brickwork. By 
the arrangement, as thus exhibited, the flame, and heat, and gaseous 
products of comhustion, pass from the fire-grate over the bridge, 
alon^ the bricked flues beneath the boiler, and at the back of it; 
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thence through the metallic fiue of the boiler, into the bricked 
^ue at the front of the boiler^ where the current divider it»elf, 
and passes through two brick flues^ arranged one on each side of 
the boiler, into the ordinary damper-flue, whence it passes into the 
chimney. 



By examininjf the diu^ifiam it will be at once obvious that^ as the 
flame and heat flow continuousjly over the bridge, and through 
the flues beneath, ami at the end of the boiler, the brii'k^work 
of those flues must imbibe so mu^h caloric as to become red- 
hot. Further, that should any fracture or rent of the boiler take 
place, so as to allow of a portion of the heated water to flow 
thence, on that red4iot brick-work, em^mioui* volumes of steam 
must be huiuntanenufiiif generated — capable, by that agency alone, 
of producing all those disastrous eff^ects to which vre have referred. 
In a wagon-shaped boiler, however, the effects, under the same 
pressure, will be greater than with the Smeaton or egg-shaped 
boiler, by consequence of the greater area exposed to the pres- 
sure. 

It is well-known, naturally, that all power is transmitted in a 
right line, and that the operation of compound forces is nece.si^ry 
to produce any deviation from it. If, therefore, the steam thus 
suddenly evolved from the heated water by its coming into con- 
tact with the red-hot brick-work of the flue, could, at the same 
instant of time, be equally diffused under every portion of the 
bottom only of the boiler, and act on every part of it with equal 
intensity of pressure, there h not a question that the boiler would 
be projected vertically into the air. But such range of iiglit is 
barely likely to take place. Even if the steam could he emjally 
diffused under every portion of the bottom part of the boiler at 
the same time, the fire-grate, owing to the interstices between the 
flre-bars, does not present that firm base for the steam to act 
against as is presented by the solid mass of brickwork behind the 
bridge. Therefore, the great probability ia, should any such frac- 
ture take place, either over the bridge or on the right-hand side 
of it, or over the flue, to however small an extent, the boiler will 
be projected through the air in an oblique direction; and the 
deviation from the vertical line will be greater or less, accordingly 
as the fracture takes place nearer to, or farther from, the brid|j:e^ 
towards the chimney. The greater accession of heat, also, that 
may be imparted to the water by such brick-work, and the action 
of the pressure on the end of the boiler, at the flue Hill tend, 
still further, to the oblique direction we have stated. 

The observations we have thus made are of great practical im- 
portance. Hitherto, from the awful effects of such explosions, the 
minds of practical and thinking men have been devoted more to a 
search after some unexplained cause for increased production of 
pressure within the boiier,rather than to an elucidation of thesimple 
one we have developed, and by which, in our opinion, most of 
those catastrophes are produced. High-pres'sure steam is not 
indispensably necessary to an explosion. Low-pressure ftteam is 
amply commensurate to the end. We have shown this by our 
remarks on the explosions that took place of the two Smeaton or 
egg-shaped boilers; and we can confirm or strengthen the atate^ 
meats by adding, that we were present shortly after, and witnessed 



the effects that had been produced by an explosion of n waf^n- 
Hliaped boiler. It had been worked, customarily, at from 7 to 9\h, 
pressure on the square inch, and there was reason to believe that 
that pressure had not been exceeded at that time. It was in con- 
nection with two other boilers, neither of which had exploded. In 
short, it is to neglect, superinduced by a false notion of security, that 
such explosions may, in general, be attributed. Engine proprie- 
tors and engine-tenters, not having been aware of the danger^ 
have, until now, been indifferent, comparatively, as to any defective 
state of a low-presnure boiler. How frequently do we see such, 
while working, leaking badly; but not sufficiently to produce an 
explosion. How often do we hear that the engine-tenter, even 
with the «ancti(m of his employer, ha^^ had recourse to some paltry 
patchwork of a contrivance, to prevent a defective boiler from 
extinguishing the fire. Had the danger we have pointed out been 
known, would such things have been allowed to exist? Both 
the engine-proprietor and engine-tenter would, for their own 
interests, have been averse to it. It cannot, therefore, be too 
well-known that steam-engine boilers are, by neglect, quite w 
linble to be exploded when worked at low rates of pressure as st 
high. Nor can the reiM^ons we have thus assigned as the cause of 
such explosions be too widely disseminated. 



IMPACT OF ELASTIC BEAMS. 

On the Impact of Eift^ttc Bmvu: Abstract of a paper 
before the Cambridge Philoeophical Society, Dec. 10, 1849. By 
Hi^MKftSHAM Cox, B.A. Jciius College. [From the PhiioiNfphwal 
Magazine.] 

** Among the experiments instituted by the Royal Commission^ 
appuinted to inquire respecting the use of iron in railway struc- 
tures, was a series relating to impact on beams. These experi- 
ments were undertaken by Professor Hodgkinson, and were 
conducted in the following manner. The two ends of the beam 
wt're fixed in a horizontal position, and the blow was given against 
one of its vertic^il sides, in a horizontal direction. The instru- 
ment for giving the blow was a heavy iron ball, hanging down, 
when at rest, from a point of suspension vertically above the centre 
of the beam. The ball was raised through difl*erent area, and 
after descending by its own gravity struck the beam. The deflec- 
tion corresponding to different arcs of descent were carefully 
noted by a graduated scale. The object of the present paper is to 
show that the results might have been predicted by known theo> 
retical principles with considerable Jiccuracy. The problem is 
divided into two parts: Ist^ — to estimate the amount of velocity 
lost by the ball at tlie first instant of collision ; 2nd — to ascertain 
the effect of the elastic forces of the beam in destroying the 
vis vivd which the whole syetem has immediately after colli- 
sion. 

^' In the first part of the investigation a general formula, derived 
from the combination of D'Alembert's principle and the principle 
of V'ertical Velocities, is given for the motion of any material system 
subject to impact. The requisite geometrical concfition required for 
the application of this general formula, is obtained by the assump- 
tion that immediately after impact, the form of the beam is a 
gradual and tolerably uniform curve, such as, for example, the 
elastic curve of equilibriuni, la this way it is determined that 
about one-half the inertia of the beam is effectively applied at the 
instant of collision to retard the ball. 

"*" The t?i> vivd of the whole system thus computed, is destroyed by 
the eliistic forces of the beam developed by aeflection. These, in 
the second part of the problem, are assumed to vary ag the amoant 
of the central deflection. By the principle of vt* vivd a formula 
is easily obtained, connecting'the total deflection with the vi* vivd 
of the system immediately after collision. 

" Tables are given, in which the theoretical and experimental 
results are compared. The correspondence i^ of the closest and 
most satisfactory nature. Indeed, the theoretical results generally 
differ less from the mean of several experiments, than those expe- 
riments differ among themselves. Both in the theoretical and 
experimental inquiries, every possible variation of the elements of 
the investigation— the relative masses of the beam and ball — the 
velocity of the latter — the rigidity and dimensions of the former—* 
have been included/' 
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THE MAUSOLEUM OF HADRIAN. 

On thf Maiittftitmm of Hadrian^ nf>w the Forte SL Angeh^ at Rome, 
By the Rev. Richard Buroeak, IID. — (Paper read at the Royal 
Jjiitilule of British Architects, March 4th.) 

[t is remarkable how much knowledge of the habits, occupa- 
tions, aiid even lelii^on of an ancient people may be jfrtined 
fniiu the kind of ediHces their architects were called to construct. 
So much so, that, if the pages of history were blotted out, thv dumb 
monumeuts, which time has spared^ would is|ieak to im uf the re- 
cnatione^ the morals, the mode of life, and even the mode of death 
»ioyted by the ancient Greeks and Romans. In no a^e has the 
ircriit^ct the choice of the kind of buildin^a he would erect. His 
butiDeiis L» to give shape and proportion to the edidces which the 
I dinuite, the habits, the religion or the popular pursuits of a people 
' ''*~*iided. The buildings of ancient Rome, which afforded the 
ample scope for architectural skill, would not be required, 
Istaoce, in our metrop(dts. The buildings, which gave scope 
lie architect's skill, the porticoes, theatres, baths, are lo:*t to 
our time and clim<ite. 

It is with snecial reference to sepulchral monuments that f 
have introduce*! these preliminary remarks. These afforded a field 
fur the architect of cla^bic times, ivhich in our day has been en- 
tirely transferred to the stonemason. The pyramiils in Egypt, 
he monument of Ph ilopappus at Athens, and the sepulchres of 
' Augustus and Hadrian at Rome^ were among the most ccmjspicuoua 
, ^dificeit of their respective countries and ages. But where now 
houid we find a tomb in our public cemeteries or grave yards which 
iild require any skill to construct, beyond what might be found 
I very moderate artist? I speak not of the monuments of our 
^ great men, which the art of sculpture has touched, and which 
itand ujider the shelter of a cathedral vault. Speaking, as 1 intend 
I to do, of sepulchral monuments as buililings, 1 have yet to ascer- 
, the cause why this class uf ediJice has been lost to the moilern 
ect. The cause is in the change which Chriiitianity has 
fht in the hopes and pruspects of what may happen after 
* The ancients considered a tomb in n much more important 
► than we either can or ought to do. So feeble were their vx- 
tations of living in their fancied elysium, that they generally 
ked forward to the honour of a tomb, as the only blessing that 
I awaited them. Hence the anxiety so frequently discovered on 
I monumental inscriptions, which the individual during lifetime 
Iliad for providing for himself and his family a place of burial free 
llrom intrusion. The initials, '■*' H, S. F. V\" — Hf>€ nibi fecit viviii/ : 
l*'He made this for himself while he was alive" — we con^^tantly 
[find on ancient tombs. And we cannot wonder, that the wealthy, 
ttnder ihe^e circumstancen, should have bestowed so much of their 
fubatacice in erecting their private mrmuments, and the warrior 
and the statesman so much care and toil in gaining this us a public 
honour. 

The ancient Romans erected their splendid tombs by the Rides 
of the public roads, and from the remains still existing along the 
Via Appia, that road might, without any further indications, be 
traced for at least four miles from Rome, The sepulchres of the 
Scipias^ the Metelli, and the Servilii are enumerated by Cicero as 
amongst the tombs which stood without the Porta Capena. And 
be thinks^ that no one, looking on those monuments of the il- 
I lujitrious dead, can esteem the buried inmates unfortunate. This 
|iias Jill the immortality to which the Egyptian Pharoahs, the Athe* 
sage^^ or the Roman generals aspired; and therefore the 
'more durable the monument, and the more conspicuous its ma^^ive 
WaUjS^ the more the honour, the greater the coas4>lation. P;ili- 
Barns wan soothed by the assurance, which iEneas gave his wander- 
ing crhost, that he should have a Cape called after his name, which 
fWotild be more durable than even a mausoleum. 

Hit dktif cune ♦mo tie 

fau'lct co»;nrtmtne terra.— ^ VI r|r« -^o. vt.SB^, 

The early sepuklires of the Republic at Rome were of that kind 
ailed *^Hypog5pa," that is, chambers underground, with an eleva- 
little more than enough to exhibit the inscription to the 
1 by. Such were the sepulchres of the Scipios, as it is yet 
} Been near the Porta St. Sebastiano. But towards the end of 
be Republic, when the luxury of m.irble began to be known, and 
vernors^ of provinces returned home laden with the spoils of the 
iast, the colos-^d taste in sepukhral mini omenta was introduced. 
The rich ( Vassus erected a mausoleum for his wife cm the Via Appia, 
liilt of travertine stone, twenty-four feet thick; and every one 
rho has vi^iteil tbe Camjmgnii at Rome, will he fitmiliar with the 
triking monument of Cecilia Metella. Forsyth observes, *Hhe 



general form of the tomba on the Appian Way, ii a cylinder or 
a truncated cone with a cubic base and a convex top. This com- 
bination," he says, "conveys the idea of a funeral pyre, and ha« 
some tendency to the pyramid, the figure most appropriate to a 
tomb, as representing the earth heaped on a grave, or the stone 
piled on a military barrow." Perhaps Crassus was the first who 
broke through this general rule, when he gave more rotundity to 
his wife's monument. Caius Cestius went back to the pyramid : 
and these two monuments, which we may consider as belonging to 
the Republic, have now stood for nearly 2,000 years, and there 
seems no reason why they should not stand for 2,000 more* 

But I come now to the two great sepulchres of Imperial Rome. 
Augii8tuj3 chose for the site of his mausoleum a place in the 
Campus Martins, between the Via Flaminia and the Tiber. The 
remains of that monument are now to be seen behind the Palazzo 
Corea, near the Porto di Ripetta. The ancient wtilb are so con- 
certed or involved with the surrounding buildings that its magni- 
tude can hardly be estimated by the spectator. Strabo has given 
us some description of it, and he considered it the object rao«5t 
worthy of notice among the splendid edifices of the Campus 
Marti us. It stood upon a lofty substruction of white stone, near 
the bank of the river; and it was shaded to the very top by ever- 
green trees. The summit was crowned by the statue of Augustus 
in bronze. The trees appear to have been planted on the belts of 
the stories, as the circiimfereni*e coutracted towards the top. 
Behind the mausoleum there was a grove laid out in walks, the 
care of which was rnmmitted to a procurator. The tomb was 
built twenty -seven years before the Christian era, and it is 
probable that the hoy .Vlarcellua was the first of the imperial 
family interred within its walls. 

qun, Tlberin*. videbli 
Fucitn:« C'Jin, lamnlajn pr«cL«iliibere rirc«iit«ui t 

It was in this tomb that Agrinpa and Drusus were buried. And 
in the nineteenth year of the Christian era, Agrippina, in the 
midst of weepiriij- crowds of citizens, brought the ashes of Ger- 
manicus to be placed within its walls. But the monument, which 
was designed by the first master of the Roman world to be the 
silent repository of the ashes of himself and his posterity, has 
come to an ignoble end. The ruins, which time and Robert Guts- 
card the Norman, have loft, are now cousolidiited into the plat- 
form of an amphitheatre; and in the summer mouth!*, several 
thousands of the Roman peoide sit round tlie ample circumference, 
to witness the horrors of a bull-figlit, the feats of horsemanship, 
and the antics tif a vagrant clown. 1 have mentioned this monu- 
ment, in many resf»ects similar to that of Hadrian, in order that I 
may with advantage introduce the subject which has been an- 
nounced for this evening. 

As if it were to show how little any works, however great, are 
valued, which have not some public object or utility, this colossjil 
monument, which we are about to view, is hardly noticed by the 
ancient writers. But there is little doubt that the emperor 
Hadrian himself was the architect of his own tomb: the whole of his 
life was dedicated to the arts, and he could ill brook a rival in the 
science on which he thouirht he excelled. Apolludorus, the great 
architect of that day, the man of taste, was doomed to view idl the 
designs the emperor sent him, and to choose between praising what 
he could not aifmire, or going into exile. Appollodorus ended in 
the latter alternative, and left the imperial architect to construct 
his own mausoleum. Dion Cassius tells us, that when Hadrian 
w^s buried in the tomb he built on the bank of the Tiber, that of 
Augustus was full, and no more ashes could be deposited within it. 
But I appreheufl that Hadrian had cast an emulous eye upon the 
great work of his predecessor, and perhaps chosen the garden of 
Domilia, nearly opposite, to confront with greater tplemtour tlie 
monument which iStrabo had praised; the rich materials he had 
probably collected in his travels through the empire, and 1 imagine 
like those, who built a still larger tower in the plains of Shinar^ 
the vain notion of his mind might be expressed in the same lan- 
guage— *' Come let us make us a name " Be this as it may, all that 
Spartian, the biographer of Hadrian, tells us about this stu- 
pendous work is, ^"^ Fecit et tfui mmtinh pontem ct Jtepuichrutn 
JiLrta Titjerim" The bridge here mentioned, is that which Ha- 
drian erected across the Tiber to give an easy access to his tomb, 
and which he caded Pons Elius, after his prenomen. There h a 
medal extant, which exhibits this bridge with three main arches 
in the middle, and at each end two of suiiiUcr dimeusioa;^. Much 
of the ancient construction of pe^rerine stoue still remains in the 
vaults of the arches, and with the name changed to Ponte S. 
Angelo, it preserves to this day the appearance uf what it was 
origiaally. I am fortunate enough to be able tu point to Komd 
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ttrqtiisite drawings of thd arabesque ornaments of some of the 
vault*) and ceilings in the modern compartment; these have been 
kindly furnkhed to mo for the oc4:asion by the obltgeance of M. 
GrOner, the author^ honorary and oorreBponding member of this 
Institute. 

It appears from various inscriptions that have been found and 
preserved, that this mausoleum received the ashes of all the Anto- 
nines; and the bodv of Commodua^ after beinpf drag-ged thrnugh 
the Tiber^ was also buried in it by order of Pertinax* Something- 
was left by Hadrian fur his successors to finish^ and it probably 
continued to be the imperial place of burial until the time of 
Septimus Severus; perhaps we may say to the middle of the third 
century. Then its history as a sepulchre ends. But, before 1 
proceed to describe to you the original appearance and splendour 
of this monument of Imperial Rome, let me bring together the few 
notices which are found of it in ancient writers. Procopius is tbe 
first who gives anv description of what it was, in his account of an 
aamult made by tfie Goths outside the Aurelian gate (that is not 
far from where the Gauls of 1848 very recently made their as- 
sault) ; he thus writes — *'The tomb of the Emperor Hadrian is 
situated outside the Porta Aurelia, about a stone's ca?t from the 
bulwarks of the city, it is an object worthy of admiration. It is 
built of Parian marble, and the blocks fit close to one another 
without anything between to fasten them; it has four e4|ual sides 
about a stone's throw in length; it ri»es above the city wallsj on 
the top are statues of the same kind of marble, admirable figures 
of men and horses. The men of old time (that is the Romans, 
probably, in the time of Honorius), joined this monument with 
the bulwarks of the city by two walls^ because it appeared advan- 
tageous for the defence of tiie city; it thus became a part of the for* 
tifiGatioDS, and had the appearance of a lofty tower covering tbe 
entrance of the city." So far we learn that the mausoleum was 
converted at a very early period (for Procopius saw it in 534 a.i>.) 
into a fortress. Those beautiful statues, however, which the 
secretary of Belisarius describes, were put to a strange use by the 
defenders of Rome. Instead of more appropriate missiles and more 
raw material, these masterpieces of sculpture were torn from their 
pedestals and hurled upon the besiegers below; and perhaps the 
oreaking of the head or a Goth might cost a whole Venus or a 
Mars^ a head of a Faun, or a foot of Hercules, I do not know what 
to say of a passage cited by Salmasius from John of Antioch^ who 
lived A.n, 620. *'"The figure of Hadrian," he says, "stood on the 
top in a car drawn by four horses, of such colossal dimensions, that 
a lull grown man might pass through one of tho horse's eyes." A 
cbrunicler of the thirteenth century, commonly called the Anony- 
mous, says that the tomb was faced with marble, and he talks of 
gilded peacocks and a bull. The same mediaeval sight-eeer men> 
tions also bronze doors and horses, which he saw about the mauso- 
leum. But the earliest representation or drawing we have of the 
mole is that now existing on tbe bronsse doors of St, Peter's, made 
in the days of Pope Eugeuius, by Antonio Pollagto, about 148L 
In Camucci's sketch, made a century later, some of the cornice is 
indicated which he must have seen, and which he says was em- 
bellished with ox-heads and festoons ; and on the frieze there were 
two inscriptions then to be seen belonging to Commodus and 
Lucius VeruB. Pope Clement VII. and his architect Labacco 
gave currency to the tradition, that the beautiful columns of 
Paonazzetto, which stood in St- PauFs Basilica, once adorned the 
upper stories of this mausoleum. Now with these notices of his- 
torians and artists of old time, added to our own observations of its 
present state, we are to make the description, both external and 
internal, of this durable monument. 

The mausoleum was formed of a square basement, which measured 
253 feet on each side, making a perimeter of 1012 feet. The 
door, or entrance, was in the middle of the south side, facing the 
passage across the bridge. At the four angles of this solid base- 
ment were colossal statues, or trophies ; I rather suppose them to 
have been thosje horses which are mentioned by the monk of 
Antioch; in the centre of this massive foundation, which was 
adorned by festoons and bucrani, rose the round tower, which 
still, in a great measure, exists and serves as the donjon or keep of 
the castle. This tower did not diminish towards tbe top as some 
have supposed, for Procopius measures the diameter at the top 
by the same expression of a stone's cast, as he measures it at the 
bottom; though diminished by all the marble facings in width, it 
still yields n diameter of 186 feet. The round mass was com- 
pacted together of peperine stone and tbe usual materials em- 
ployed in solid Roman works; but it was all faced with square 
Mocks of Parian marble. We must accede to the generally re- 
ceived opinion that two magnificent colonnades went round the 



monument, dividing it into two stories, and that statnes stood in 
the intercolumniations. Those statues were probably cA^ tfttutire 
of art. The famous Barberini Faun, which was found by the pon- 
tiff of that name in a ditch of the fort is a specimen; the dancing 
faun in the Florentine Gallery is another; tnese had either fallen 
from their place, or had been used by the troops of Belisarios for 
overwhelming their assailants. The summit of^the edifice, which 
finif^hed in a dome-shaped roof, was crowned, as some think, by the 
large bronze pine found in digging the foundations of S. Maria 
Transpontine, and which is now to be seen in the gardens of the 
Vatican. But it was more in conformity with the ambition of the 
Roman emperors to have their statues erected on the summit of 
their monuments: witness the columns of Trajan and Marcus 
Aurelius, and the corresponding sepulchre of Augustus^ The 
bronze pine would be a more appropriate ornament for some edi- 
fice in trie gardens of Domitia, in which the mausoleum was erected. 
Moreover, we have it stated by one of the ancient writers I have 
quoted, that there was the statue of Hadrian somewhere about the 
tomb. I have therefore, in spite of some celebrated antiquarians, 
taken the liberty to place the statue of Hadrian on the top of his 
mausoleum. Frum the intimation wq have of the ox-heads and 
festoons, and the ini?criptions on the frieze, I have represented the 
basement as Doric; the first row of columns above would naturally 
be Ionic; and if the columns of St. Paura Basilica were really taken 
from this tomb, they speak for themselvea, and will justify us in 
exhibiting the upper row in the glory of the Corinthian. Upon 
these data and surmises, therefore, 1 have presented to you the 
mausoleum in its exterior, as I suppose it originally to have been; 
and we may safely conclude that it remained in all its pristine 
magnificence until the time of the Emperor Honorius, 402. Let 
us now go within. The spiral corridor, which leads from the en- 
trance to the sepulchral chamber, was entirely excavated in 1820. 
Beginning from the orig-inal entrance facing the bridge, a lofty 
arch of travertine stone rorms the ingress, and leads into a spacious 
vestibule. Opposite the position of the door of entrance there is a 
large niche, which no doubt contained the statue of the emperor; 
a colossal head, now in the Vatican, and a hand discovered in the 
excavations, probahly belonged to the said statue. In a compart- 
ment on the left side of the niche is a fragment of a cinerary vase 
of marble, with some letters upon it, which was lying there 
when I examined the interior of this monument in 1899, The 
spiral corridor, hj which we now begin to ascend, is about 11 feet 
in width and 30 feet in height, built of the finest brickwork; the 
bricks 6 feet long; but the whole has been coated with precious 
marbles, as aupears from the continual fragments still found, and 
the traces ot them yet sticking to the walls. The ascent is not 
by steps, buthy a gently inclined plane, winding round the monu- 
ment, and showing specimens of the mosaic flooring still adhering 
to their original places. This wonderful passage was lighted from 
above by those openings caDed in Italian abSiini; they are cut 
through the massive covering in pyramidal forms. The light can- 
not enter by them now on account of the modern works of the 
forte^ which lie over them; and hence this corridor can only be «een 
by means of torches at present. Pursuing this circular passage we 
ascend until we arrive where the modern staircai»e and the light of 
day meet us, and turning by an arch we come upon the sepulchral 
chamber. It occupies a space of about 2S feet square, and is 
lighted by a window at each side, which exhibit at the same time 
the immense thickness of the walJB. Beneath the modern steps are 
found some cells with latenil niches; in the one on the left of the 
stairoase the French consuls were imprisoned in the great revolu- 
tion. The Sarcophagus of black and white granite, now in the 
Museo Pio Clementino, together with the busts of Hadrian, very 
probably once occupied this chamber* We must not, however, 
omit to mention that the large basin of porphyry, which mrves 
for the baptismal font in St. Peter s, and the porphyry urn which 
was taken from the tomb of Pope Innocent II., and several objects 
of equal value, all came out of the mausoleum. So that if we 
consider its marble-lined walls, both inside and out, the mosaics of 
the floors, the beautiful columns which encircled its peristyles, the 
exquisitely finished statues which adorned the upper stories, the 
bronze figures which ornamented the basement and surmounted 
the dome, the alabaster urns and sarcophiigi of precious marbles 
which this treastire house once concealed, it would he difficult to 
over-rate the magnificence and c<*Bt of this gorgeous monument, or 
to exaggerate the folly of the man who reared it for such a pur- 
pose. But the imperial architect little dreamed the purpose to 
which posterity would put his proud sepulchre, nor to what 
strange vicissitudes he sluiuld be indebted for the perpetuation 
of his name and the celebrity of bis grave. 
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The bktory of tliis monument does, in fact, become a history of 

Rome itself; and, perhapis, before t proceed to apeak of it under the 

modern appellation of Forte St. Angelo, you may be interested in 

hearing the vicissitudes throu|2fh which it has parsed. From the 

time that it was joined to the city walls, a.d. 423, it may be con- 

sdered no longer as a tomb but as a fortress; and, after beings fre- 

ijuentt^ taken hy the Goths, and retaken by the soldiers of Jus- 

tinlus tt was left in the hands of Narses the Eiiniich, in 552, and 

ifterwards transmitted to the Exarchs, who succeeded to power in 

Italy under the Greek emperors. 

^a. In t^e year 9QS tliis citadel, for so I may now call It, is found in 

|B^a pcMseasioii of Albert snrnamed the Eicb, one of the Counts of 

HStTDJi*. This prince wa» admitted to a share of the fortress, by a 

■ Boman lady, Theodora, more illustrious for her extraction and 

p tower than for her chastity* Her daughter Maroxia, more beauti- 

ml than her mother, but not more modest, kept the citadel as a 

place of security for her g^uilt, and at len^b she celebrated her 

nuptials in it with Hug^o, called King* of Italy, and she g^ave him 

I tiplhe whole for a dowry. It passed through several members of 

^this family, in succession, until it reached Pope John Xll., and 

B then it was for 'the first time possessed by the Bishops of Home, 

\ A-U. 9-58. They were masters of it for about twenty*seven yeara, 

until it was seised by Crescentiua, upon the pretext' of defending 

Idit consulship. He made entrenchments and outworks to it, in 

Qfder to defend himself against the Emperor Otho liL, who came 

to esfiouse the CAuse of the pope; and after a protracted quarrel of 

eleven yeara, it was finally recovered for Gregory W It continued 

for a long time after to be called the Tower or Castrum of Cre- 



Daring the succeeding ages, and in the time of the troubles 
which drove the jtopes to Avignon^ and comprising the career of 
RieoKj, last of the Romans, the fortress held a conspieuoui place in 
hktorv. But, on the return of the popes to Rome, 1 376, it fell 

(the hands of the French cardinals. Through those dark ages 
suffered to fall into decay, until Boniface IX. renewed the 
ftcations, after the designs of NicoUo de Pietro ^Vretino. 
r this it was taken by Ladtdaus, king of Naples, but was 
I restored to Pope Martin V., 11-31. But the first important 
ttons of modern times were made by the famous or infamous 
IB Alexander Vf; be raised the round tower higher, and 
ltd a bulwark of travertine stone between it and the bridge, 
aunnst IS we see it in the present day. He also constructed the 
corered gallery, which communicates with the Vatican, about 
" \000 feet in length. The arches under the gallery were ma.de 
py Pius IV., and it was roofed by Urban VII L Borgia just fin- 
" bed his work in time for his own personal security. On neyf 
^3fear*8 day, 1495, the king of France fCharles VIIL) with his 
my, entered Rome by the Porta del Popcdo, while Ferdinand 
Qg of Naples left it by the Porta St. Sebastiano. The pope, 
ays Guicciardini, ^^pieno d' incredible timvre v anitit'ta" took refuge 
the Forte St. Angelo, accompanied by Cardinals Orsini aud 
Daraia, Alexander VI. refuised to give up the forte to the 
French, in 1495, but the Pope Borgia sent four cardinals to treat 
ritb the French monarch, and succeeded in effecting a brotherly 
^Jance. The pope of 1848 sent three cardinals to treat with a 
French general, and as it appears with equal success, for the Forte 
It, Angelo remains in the hands of the pope. The similarity which 
irtft netween those transactions, separated by a space of four 
entiuies and a half, is most striking* : 

Kos IV. was the next pope whose works are worthy of noticef 
bey were not confined to the fortress, but he enclosed the whole o 
he Vatican and brooght liis walls down to the Tiber, at the Porta 
t. Spirito, enclosing the old walls of the Leonine city. Finally, 
^Urban VIIL, 1644, completed the walls on the Trastevere, as we 
[now see them, by drawing the line from the walls of Pius IV., 
Lind along the top of the Janiculum, and bringing them down to 
*the river at the Porta Fortese. The gate of St» Pancrazio and the 
bastions on each side, rendered so celebrated by the siege of 1849, 
were all the work of Pope Barberini Urban V^IIL, and as if antici- 
pating a visit from the old friends of Italy, he appears to have 
made them much stronger than General Oudinot ejcpected. It was 
Bnal engineer who stripped the Pantheon of its bronze to melt 
mto cannons for defending the improved fortress of St. 
I have purposely omitted all allusion to the assault of 
by the Connetable Bourbon, and the bombardment of the 
Forte 8t, Angelo, with all the adventures of Benvenuto Cellini in 
I5S7, and when Clement VI L (Medici) took refuge in the fortress. 
But having seen this fortress become the occasional residence of 
t>pe« and cardinals since the revival of the arts, we shall naturally 
unclude that those dignified persons, who have no antipathy to 



luirury out of Lent, would not be lodged in rude sepulchral cham* 
hers nor shut themselves up within waUs of peperine stone or 
naked brickwork. It will be some refreshment to your eyes, after 
I have so long wearied your ear, to turn from the heavy walls of a 
fortification to the decorations of the habitable rooms within, as 
drawn by the able pencil of M. Gruner. In a saloon in front, 
which communicates with the balcony facing the bridge, you have 
some pictures of Pierino Buonaccorsi, called Del Paga, a scholar of 
Rafiaelle; and in the balcony opposite are to be seen some of the 
designs of Girolamo Siccendante da Sermoneta. But these are 
nothing compared with the beautiful arabesques which adorn the 
ceilings of s^^me of the other rooms. I shall not attempt any 
description of those, because we are favoured this evening with 
the loan of those exquisite drawings to whidi I have already 
alluded. You will remark, as they are passed round the table, the 
ceiJing from which Cardinal Caraffa was, 1 will not say hung, but 
suspended; the hook, I believe, still remains in the rosette as a 
memorial of the deed. 

It does not appear in examining the specimen presented to ua 
this evening, that the popes were partial to sacred subjects, or that 
they thought to reform their state prisoners by representations of 
heavenly things. Nymphs, Satyrs, Venuses, and Cupids go round 
together in the mystic dance, and if Christian theology was sup- 
posed to have its place at the St. Peter s end of the Borgia cor- 
ridor, heathen mythology might be very properly imprisoned in 
the fortress at Rome. 1 leave you to exercise your own skill upon 
the mythology, which is couched under griffins bestrode by 
Cupids, and Mars admitted into the dressing room of Venus. 
But 1 particularly propose to your admiration the paintings in a 
corridor of the Forte St. Angelo, that is in the modern part, bv 
Oiulio Romano, aa they are rendered by the masterly hand of M. 
Gruner. 

This state prison has always been guarded with great jealousy, 
and few have ever been known to tellits secrets. Even the artiist 
whose object is known, is admitted with caution; and the anti- 
quary, when he attempts to span and measure, is considered an 
engineer in disguise. This rigour has been still greater since the 
recent revolution, and the entree has been next to impossible* The 
persevering friends of Dr. Achilli, however, did obtain admission, 
but they do not appear to have seen either Nymphs or Cupids. 
This is a description which MM, Meymeer and Tonna give of their 
visit to the interior of the forte on Sunday, 25th November, 1649: 
^'^We first crossed a drawbridge, spanning the first or outer ditch, 
which encircles the bastioned enciente. We walked quite round 
this; on each of the four bastions a gun is mounted, bearing the 
pontififfil arms: from the height of this wall (which comnmndis to 
the south and west a view of Rome, and of the Trastevere, and 
to the north and east the Campa^na), we looked with much in- 
terest on the prisoners, all dressed in military clothing, who were 
walking in the deep and damp ditch, which separates the enciente 
from the immense tower. Tlie base of this latter is of ancient 
construction. ^Ve then crossed another drawbridge which spans 
this (the second) ditch, and we found ourselves at the entrance of a 
staircase or sioping path, which crosses in a straight line the whole 
width of the tower. It was dimly lighted and intersected in four 
places as we ascended, by traps and drawbridges, each of which 
would afford successive |iositions of defence against a party forcing 
its way from without. On reaching the to|> we turned to the left, 
and arrived at an iron gate guarded by French soldiers. They, 
seeing the unconcerned manner in which we walked up, concluded 
that we had a pass, unlocked the gate, and admitted us to a plat- 
form or court, locking the gate and removinp: the key after we had 
passed. Above this court, again, rise the upper buildings of the 
castle, in which the more important political prisoners are kept, 
and amongst them our friend. Further than this we could not 
g». Again tlie ponderous grating was unlocked, and we retraced 
our steps down the long and gloomy staircase, and finding that the 
commandant had not arrived, we left the fortress with a depres- 
sion of spirit which we could not shake off for the rest of the day. 
In many parts of the castle we saw inscribed on the walls the 
name of Alexander VI., the infamous Borgia, and jparticulurly an 
immense inscription over the gateway of the tower — 

" AJ«imndpr VI., Puat. Mu. RMtoravlt, Anno. Sal. Udi." 

Such is the most recent intelligence I can give you of the pre- 
sent internal aspect of this remtirkable monument, but the prisoner 
alluded to in the above descripticm having recently escaped, is at 
this time in London. I should be afraid to trust myself with a 
beginning of reflections upon the subject 1 have now finished, for 
I should be sure in that case to end with a sermon. I wiE only 
remark, that however our curiosity may be excited by the stu- 
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penduus works of antiquitf, and however our ta«te may be grati- 
fied by the erichautiug powers of art, nothing really interestfi, 
either In hlstoiy or description, but that which was founded for 
the benefit of mankind, and carried on through ages by the virtue 
of benevolence. Time is Baid by our poet to be a beautifier of the 
dead; but he has not traced a line of loveliness upon the auhes 
of the selfish emperor, who reared this tomb for his own vanity. 
Time La said to be the adorner uf the ruin; but time has but added 
deformity to the splendid mHuscikum* It is some consuliitiou to 
know that *'glury, built on selfit^h principlets is shame and guilt;" 
and it may be a moral lesson not unworthy of the artist and of him 
who builder for posterity, to learn that whatever in the way of 
monumental grandeur is not associated with virtuous sentiments, 
or, aa I should say, with morality and religion, will hand down no 
name to poaterity with the reverence and respect, which the archi- 
tect and the artist, not less than the statesman and philosopher, 
may lawfully seek to deserve. 

The CbairmiT) (Mr. Sydney Smirke, V,P,) siid, we hive b«en lo often 
charmed, inttructed, and elevated by our reverend friend** eloqufaee, that I 
nm[]j am at a lots to shape into a new form the expreiiion of our thinki. 
Our heartieii gratitude is indeed due to him for the great treat he has gifen 
us this evening. It ij quite clear that Mr, Burgess's treasures of rf'seircb, 
aa well as of raemoiy, are inexhaustible; for 1 had hoped that he bid t»ot 
heard of the illustration which tbe bronze door of St. Peter's offers of tbit 
tsouument. That, however^ has not esaaped him. 1 am happy ia beiag 
able to show a tilight tDeroorandum of that hasrelie/, i copy of a hasty ikelch 
which 1 made when I was in Rome. I do not remember whether the date 
Mr. Burgess mentioned is perfectly authenticated; 1 should have thoaght^ 
from the very barbarous character of this relief, that it was of an earlier 
date. I dare sny, however that be is rigtit; but one would have thought, 
that 10 Rome a nork upon an impprisbahle luateritJ, on the principal door 
^f tbe greatest buildiag in Christeodomi would have beta better drawn. 
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The very hisly sketch I made will verify nearly all my reverend fricnd*3 
attempts to rtatise this remarkAbte edifice. The grrat periityle columns, 
however, look more like Coriuthinn than tunic; and there items to he an 
attic over Ihe peristyle, which does not appear in our friend'tt drawings* ap- 
parently enriched with a second band of bull's heads and festoons. The tfai 
relief exhibits at the top, not a pine apple but a figure, which looks like a 
cupid rather than an emperor. It no where indicatei the peacocks and bulls 
to which our reverend friend has alluded. 

Mr. TiTB seconded the motion for the vote of thanks, whirh after some 
fihservalions by Mr. Dcnftldson, secretary, and Mr. [lobertSi fellow, as also 
by Mr. Lloyd, viiiitor, t^ai earned by acclamation. 

Mr. BrncEBS returned thanks and promised to communicate a paper af it 
aesaion, if spared anolhrr year, upon tie Via: Romaiia:, as compared with 
modern railroads, and with reference to the vastoesi and magnificence of 
each. 



Stoney Strafford, — A Romaa villa liai been dlicovered in tbe parish of 
Pauler'a Fury, near Stoney Stratford, on the property of the Duke of Graf- 
ton ^ and near the course of the Roaiaa road, Stratford being the Lacto- 
doraoi of the Romans. Already a fine teasel&ted pavement haa been brought 
to light. 



SCULPTURES AND ARCHITECTURE OF ASSYRLi. 

Some Remark§ on the Style of Ornamentation preeoknt in the Aw^ 
itj/rian Sculptures ret^ently discoi^ered by Dr* Layarh^ and on mme 
Peculiarities of Assyrian Architecture^ ojt cj/itfrif«f thereon* By 
SvDyEY Smirke, Esq., V.P. — ^(Paoer read at the Royal Inatltute 

of Britiiili Architects, March 1 8th.) 

Ik fiubmittinf^ for the examination of the meeting some casts 
which I have, throuifh the kindness of the Truateeis of the British 
Museum^ been permitted to have mode of si>me bmall portiona of 
the Aiistyrian Hculpture recently deposited in the British Muaeum, 
I beg to detain you, for a few minutes only, with some remarki 
upon the style of ornameutation which appears to prevail in these 
very curious works of ancieut art. 

The love of oriianieat which disting-uishes all eastern nations at 
the present day seems to have equally prevailed among- the ancient 
people uf whom representation!^ are now, for the first time, brought 
before us in these interesting remains. Very few female fipires 
occur, hut scarcely a male figure is representee!, whether priest or 
warrior, without lar^^e ear-rings, and most of them have necklaceSi 
bracelets, and armlets. It i^i to be remarked, however, that not a 
single case occurs, amidst all this display of personal jewellery, of 
» tinger-rin^; the eotire absence of this ornament in sculpture, 
wherein details of this nature are so elaborately and carefully at- 
tended to, leads to the unavoidable conclusion that the fiuger^riag 
was an ornament unknown to the Assyrians. I am not about to 
digresH into any question uf the antiquity of finger-rings, an en* 
quiry for which I am not competent and which would be here 
inappropriate I will only take occasion to say, that much of 
learned disquisition as there has been on this subject, the question 
remains to be answered. I think there hiis been much confusion 
produced by the vague use of the word ring, and the too ready 
asjsumptiun that when rings ard named, Jinger-ring'd are intended. 
Signet-rings may iiave been, and were, worn suspended from the 
neck, or attached to a chain, There are in the Book of Esther, 
and in Jeremiah, very clear allusions to finger-rings, but tbe 
earliest clawsieal authority that 1 am at present aware of (and for 



this I am indebted to rny friend, Mr. Birch J, is Pausauias, who 

Deljihi a painting by 
Polygnotus of Phocit!), represented with a rini^- on his left hand. 



says that he saw on the walls of a temple at 



Polygnotus ilunrjshed about Vi^ years before Christ. It is, how- 
ever, very reuiarkiible, if it be true, that there is no example known 
of a Greek statue with a ring on the hand. 

Reverting to the sculpture under consideration, I Bnd their ap« 
parel almost always richly fringed; with wide borders ornamented 
Vith figures of men, animals, and foliage. The caparison of their 
horses is most gorgeom^; every strap of their head and body hous- 
ings is enriched; to the chariot horses there is usually seen at- 
tached, apparently either to the extremity of the pole, or to the 
trappings of the neck, and to the front of the chariot itself, a 
long fiah-shaped piece of drapery, fringed and embroidered. Dr. 
Layard is at a loss to designate this object. Perhaps, *^the 
precious clothes for chariots," alluded to by E:zekiel as being ob» 
tained by the people of Tyre from Dedan, may have reference 
to this singular piece of horse-furniture. 

The same love of ornament above alluded to is apparent in their 
pavilions, of which there are specimens in this sculpture; alsu in 
the fashion uf their armour; the hilts, handles, and sheath^ends of 
the swords; their knife handles, their slings, and their qtiivers. 
There are in the British Museum some lions' feet of bronze, ap' 
parently belonging to furniture, which formed part of Dr. Layara s 
collection at Nimrood, and are equal to Greek workmanship in 
execution. 

The style of art which characteriBes all these ornaments ofers 
us a subject of curious enquiry. What relation does it bear to 
other styles? To what extent is it original? And to what extent 
does it appear to have ijifluenced other succeeding styles known to 
us? jMajor Kawlinsun, who has fortunately succeeded in mastering 
to a great extent the difficulties that have hitherto hidden from us 
the knowledge handed down in tbe strant^e characters that cover 
these and otlier remains, entertains no doubt that the earlier ruins 
from whence these sculptures have been derived, hear the extra- 
ordinary date of twelve or thirteen centuries before the Christian 
era. Ihis sculpture, therefore, is probably as old as most of the 
Egyptian antiquities we p<»s8ess; yet the style of the ornaments;, 
although certainly partalcing somewhat of Egyptian character, is 
in many respects widely different from it. 'I'he borders of the 
linen wrought in successive stripes, and those stripes subdivided 
into a succession of squares, is certainly an Egyptian peculiarity^ 
prevalent in this i\ji£y riun costiune. Indeed the people of tbe two 
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eooiitiies, mlthough widely separated from each other, may moat 

My have interchanged commodities, and ijoodii of so portable 

bales of linen may well have found their way from E^ypt 

I* We have the mcontestible and contemporary evidence 

!«ekieU that E|:ypt furniiihed "'ftne linen with enibroidered 

r to the raerehauts of Tyre, who it may be presumed supplied 

tiie nuurkets of Nineveh. There seenia therefore no reason to be 

W tf p ri ^gd at finding' Eff>'ptian pattern!^ worked uu the dre^dee of 

tli« perMinmgefl so carefully repre^sented on the walls of the Ninevite 

jiftlAcetf, ncir can any concluHion be safely drawn from that circum- 

ttauace that there was any identity of deuif^n hetween the works of 

the nrti^ta of those two countries. It may however be here ob» 

■ervrd that in the trappings of their horses there is a somewhat 

•tronfr resemblance between these examiiles and those afforded by 

the Egyptian paintings in the British Museum.* 

The Honeyguckle ornament bo abundantly used in the sculptnre 

tefore us i», I believe, nowhere seen in early Egyptian w«,>rk. 

N<ir are there any traces of re^^emblunce between An^yrian and 

£g)'ptian deisipi m the beautifully and freely drawn figures of 

mijIMlB so profusely introduced into their work by Assyriiui artists. 

Wt seek in v^un here for those iitiff and formal and very peculiar 

Mimnetita round the neck, eonsi;^ting of a cuntinued repetition of 

itfokes af the pencil which we see constantly recurring in Egyptian 

especially on the mummy cases. The Assyrian artist seems 

ive completely relieved himself from the rijdd ccmverjtionfil 

ler of the Egi'ptian, and to have aec|!iired conHiderahle facility 

ind freedom of execution: examine the slightly-etched figures of 

winded bulls and other animals pervadinjs the dresses of almost aU 

tilt larger iigurea on this sculpture, and we lind them drawn, or 

fitlier sketched, in a style that would do credit to the be^^t artiste 

of the present day; and when we consider the enormous extent to 

which this mode of decorating the walk of their buildings prevailed, 

not only at Nineveh, but at other buried cities which have been 

recently explored in the same country, it seems fair to presume 

that the trifling and very subordinate details to which I have been 

adverting must have been the work of common and ordinary 

artizans* 

Let u« now compare the ornaments under review with the more 

^^ ^miliar forms of Greek art; and here I think we find^ strong an 

^MAalogy, and in some cases such a striking resemblance, as to force 

^Pupon us the conclusion, that the artists of Greece derived far more 

of their art from the banks of the Tigris and Euphrates than from 

the banks of the Nile; and Egypt must, 1 think, relinquish a large 

^Loortion of the honour that has been so long accorded to her of 

^pliaving been the mother of Greek art. The honeysuckle ornament, 

already alluded to a^ occurring abundantly in this sculpture, is 

both in furm and treatment almost purely Greek. 

The Guilloche scroll, so characteristic a Greek ornament, occurs 
very accurately chased on the scabbard of one of the swords of the 
Assyrian warriors. An ornHment much resembling' (although not 
Identical with) the labyrinth fret, also appears etched asi an ornu- 
inent on a dresj^. The classical enrichment, commonly calJed the 
tead-Aod-reel, \% here of vcrv common occurrence. The running 
urnament of animals and foliage grouped together, constantly oc- 
curring in this costume, is a perfectly classical feature. 

I purposely confine myself to the style of ornamentation visible 
in these wofk«, and forbear to enter into any similar comparison 
balween Assyrian and Greek sculoture in it« higher qualities, for 
lach an enquiry properly falls within the province of the sculptor; 
but were I to do so, I apprehend we shoufd arrive at the same re- 
sult. It needs not the professional eye of a sculptor to see in the 
attitudes and drapery of the figures a regular and progressive, 
although perhaps a slow, development of art, from these marblcB 
through those of Asia Minor and Sicily down to the works of 
Phidias, 

Whilnt inviting attention to the germ and gradual growth of 
that beautiful system of decoration which has heen handed down 
to us by the Greek artists, and has heen the object of imitation 
during succeeding ages, not excluding even the med iieval age, I 
im tempted to suggest whether much of it, perhaps almost the 
whole of it, may not have had its origin in the use of sacred 
emblems or in the representation of sacred ol»jects. 

The Bull WHH deified in the earliest ages^ and we ee© it carved 
in profuse variety as an onuiment on these marbles. It occurs 
abundantly in the sculpture of Asia Minor, and in classic art 
became a favourite ornament. The Lion, ali^o, furnishes us with 
mother very familiar instance of an animal deified by the Egyp- 

• au ttrcbiUft rrtuB Vtrnna inforo]* the «aOiar of this pi)|i«r ihat ibe cflpui«on» of (lieM 
' hor»rt ttrou^ly rtmliiitl hiaa »( those novr (Ucd iu Ibe touUleni prortDCitf of the 
•iDplrtj Aod the ■jdjaceul paiM u( XuLrkej, 



tians, and introduced by the artist in every variety of form as an 
ornament. The honeysuckle which, under the wonderful influence 
of Greek taste, became so beautiful and so universal an ornament, 
is here found many centuries before the birth of Greek art as re- 
presenting the sacred tree before which the At^syrian priest is per* 
iormiug his religious rites. The fir cone, which plays so prominent 
a part in classical decorative sculpture, is in these marbles almost 
always held as an offering in the hand of the priest. The lotus is 
another familiar instance. We find it fir»t the object of worship 
in E^ypt, but afterwards converted into one of the most beauti&il 
of all tlie forms of antique ornament. 

The Rc»«ette, or Patera, is perhaps one of the moat universal 
ornaments in the whole range of art. It occurs in the paintings of 
the Egyotians, and is carved on Hindoo sculpture; it was em- 
broiderea on the garments of the Assyrians, and ornamented their 
armlets^ bracelets, and even their whip-handles. Nor on the sculp- 
tared remains of Peraeoolis is it wanting. The rosette is painted 
on the fictile vases of all ages, from the earliest to the latest, and 
has ever been one of the most common of all the ornaments of 
architecture. May I not venture to claim for this form, also, a 
sacred origin? Tfie winged circle was the emblem of the deity in 
Egypt, Assyria, and Babylonia. It occurs frequently in the mar- 
bles before us, and is usually filled in with what has the appearance 
of a rosette; but when the circle is large, we find the inserted 
figure to have a star-like form, or a nbdiution of tapering flames: 
may this not be supposed to typify the sun, the great and earliest 
object of idolatry f Is it not at least a plauaible hvpothesis that 
this figure, whether it be a conventional representation of the sun, 
or a star, may in the course of time have assumed in the hands of 
the artificer, the varied and beautiful ornament with which we are 
so faniiliiir? 

I may here take occasion to advert to that mystical figure of 
which Dr. Layard gives us a representation in his work, and of 
which we have examples in the marbles before us, as well as in 
those of Persepolis. It consists of a circular figure like a wheel, 
with rays emanating from the centre; and from this wheel issues 
the upper nart of a man, terminating from the loins downwards in 
flames; and fijtmes issue from the sides of the wheeJ, left and right, 
lissuming the genera] appearance of wings. The general cor* 
respondenee ot this figure with those of the cherubim and the 
wheels, as described in the visions of Ezekiel (chap. i. und 
viii.), is too striking to escape observation. It is unquestionably 
a sacred and supernatural form, occurring, as Or, Layard observe^j^ 
usually over the head of a victorious monarch, and may reprefent 
a tutelary divinity or an angeL I have already stated that I con- 
fine my remarks on the present occasion to the ornamental details, 
but the whole sculptures well deserve far more attention than they 
have even yet attracted, although 1 am not iiisejisible of the great 
value of the learned disquisitions published by Dr. Layard. The 
glimpses which these interesting monuments afford of a primeval 
architecture are to us especially interesting. 

Dr. Layard has remarked with truth on the very wide difference 
existing hetween the style of Assyrian arcliitecture dcvdoped in 
these remains, and the architecture of Egyyt, There appears here 
to have been an almost total absence of columns. Dr. Layard 
gives us a representation of one instance occurring in a bti^ rtlicf 
found iJi the ruins of Khorsabad, which he presumes to be of later 
date than those of Nimrood; and in the shibij in the British Museum 
one example occui% wherein three pillars are introduced, hut of 
proportions so slender as to lead to the presumption tliat they 
were of wood; a Buppot-ition the more promible, as they appear to 
sujtport, not a horizontaJ entablature, hut thefritme-work of a kiiid 
of tent: it is worthy of remark, that these pillars have as their 
capital the horns of the goat so arranged as to suggest at once the 
Ionic capital, and the Khorsabad examole is also of this type. 

The absence of columns may pt^ssibly be due, In great measure, 
tij the flat, alluvial character of the district between the Tigris 
and Euphrate?!, ^vhich furnished the soft alabaster of which thei^e 
slabs are formed, but no hard building stone ftuitable for columnar 
architecture. Rooms, however, 35 feet and 10 feet wide, such as 
occur in the palaces explored hy Dr, Laynrd, would not have been 
roofed over witliout a greater degree of constructive tkill in car- 
pentry than we have any reagon to suppose was postsessed in tiiese 
early age^. Perhaps, therefore, the horizontal beam:^ of which the 
roof was formed may have been supported by wooden pillars which 
are now perisshed, or which may have been burnt when ihe^e 
temples were sacked, a fate wliich most of them have probably 
undergone. That pillars were used to support the roof-timber^ is 
the more probiible, as it appenrs that the apartments were lighted 
from above by apertures in the roof, which would interrupt the 
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continujty of the timbers, and render intermediate supports abso- 
lutely necessary. It may be asked, why assume that the Assyriains 
were i^noraiat of framed trusses, by which the widest spans might 
be rcMjfed over without the assistance of intermediate supports? 
ne cannot prove the non-existence of trussea, but we certainly 
have no evidence that such artificial contrivances are of this re- 
mote date. We see no indication whatever of pitched roofs in 
any of the sculptures before us, nor, I believe, at all in E^ryptian 
architectyre. Even in the Lycian examples we do not find, until 
we come down to the Greek periud of art. any example of a pedi- 
ment, which is but the gable end of a pitched roof. These As- 
syrian palaces, then had, 1 presume, flat terraced roofs, aa we know 
tho^ Egyptian buildings had: it is the present fashion of the east, 
and that it has ever been so there is abundant proof in the Scrip- 
tures. It was a law of the Jews that no roof should be built witti- 
***** ^ paj^ap«t, so that those walking thereon might be rendered 
*'ii J *-"« sculpture before us are various representations of 
amall domestic builtlings; they have no sloping r<M*fa, but are 
rounded at top as if formed of slight timbers bent round, which 
were probably wattled over and covered with mud like the wig* 
warns of the present day. The pavilion, also, to which I have 
already adverted, appears to have had its covering stretched over 
Bimilarly bent timbers. It does not seem improbable tliat the 
curved and pointed roofs of the Lycian tombs own a similar type, 
and are a marble version of a root of bent timbers. 

Dr. Layard discovered no indications of windows in any of his 
excavations; but that windows were used in AssrHan architecture 
IS proved by the representation of them occurring in manv of the 
alabs: nor can we imagine any other mode of gaining daylight in 
the lower rooms when buildings were of several stories in height, 
which, by these fm^ relififn, appears to have been the case. These 
windows are square-headed, generally, and have the peculiarity 
of a double or rebated external reveal, by which means, like the 
aplay in Gothic architecture, additional light was gained, the 
actual apertures being narrow. This square sinking in the jambs 
of a window are, I believe, without a parallt4 in Eg\^ptian archi- 
tecture, and is not seen in purely Greek buildingn; hut it is singu- 
lar that this is a feature pervading the very ancient tombs of Asia 
Mmor, recently made known to us; many instjinces of it occur in 
the \anthian marbles at the British Museum. W^hatever may 
be the date of the marbles from Xanthus, they certainly appear to 
be a very remarkable link between Greek art and some other very 
different, pre-existing style. 

The occurrence of circular-headed openings in the fortified 
buildinga of Assyria, as plainly represented on these has reliefs, 
dissipates at once nli ideas formerly entertained of the compara- 
tively recent discovery of the principle of construction. Dr. Lay- 
ard mentions a brick vaulted chamber which he brought to light 
among the ruins of Nimrood, and other similar discoveries are re- 
ported to have been stiO more recently made by him. It seems a 
reasonable conjecture that the Arch may have been first ufied in 
an alluvial countrv like that of Assyria, where abundance of bricks 
were made, and where the difficulty of transporting from remote 
distances large blocks of stone, fit to form a straight lintel over a 
wide bearing, would render the substitution of an arch turned 
with bricks, or small stones, peculiarly convenient. 

We may notice that tubular drain tiles were used in removing 
the rain-water that fell through the openings in the roofs, on to 
the navements of the several apartments. That so obvions and 
simple a contrivance should have been resorted to by a people pos- 
sessing great dexterity in the fabrication of fictile ware, and living 
in a district where the common soil of the country furnished the 
materials to their hand, seems so natural as scarcely to justify 
more than a passing remark; yet, is it not curious, that now, in 
the nineteenth century, and in England, a tubular draining tile is 
one of the most recent of noveltieKf 

A thin stratum of bitumen is mentioned by Dr. Layard as oc* 
curring under all the floors, and passing, as he observed, under 
thet^e sculptured slabs of alabaster with which the inner face of the 
walls was lined. He was unable to account for this, but the 
architect will at once perceive that this was a precaution taken to 
prevent the damp from arising from the earth under the pavement, 
and destroying the paintings, and endangering eventually the 
alabtister itself. 

Reverting again to the representations of Assyrian Castles on 
the slabs before us, I must not omit to call your attention to the 
crenellated parapets having battlements generally pointed or 
notched, as if to facilitate the use of the bow and arrow. Here 
also we find an analagous case in the friezes of the Lvcian temple, 
discovered by Sir Charles Fellowes, and now deposited in our 



Museum. Castles are there represented with embattled paxii.pet« 
very simLlar to these in Assyria, and not unlike ezamplea atill sab* 
sisting in the East. 

It has long been a subject of speculation what style of architect ura 
characterised the first temple of Jerusalem. I think that it may 
be not unreasonably presumed, that the magnificent ruins now 
brought to light, after an interment of two or three thousand yearg^ 
aford us a far better clue than any we have ever yet poeaeaaed; a 
much more intimate ecmnexian existed, both geographically and 
politically, between the inhabitants of Palestine and tne people of 
Assyria and Babylonia, than with the Eg} ptians, from wnom they 
were separated by the Arabian desert. Perhaps, too, the m^rblis 
under discussion will be admitted as evidence of an earlier civt 



tion of art among the former people, and therefore of their greater 
influence in matters of taste. We have indeed the evidence of the 
Sfrij>tures that Solomon sought his artists — ^hia ^^ cunning work* 
men' — ^in the region north ofJudea; Hiram of Tyre was his worker 
in metals, and his best carpenters were Sidonians. 

With how deep an interest, then, these considerations seem to 
invest the sculptures from Nimroud 1 When, to use the eloquent 
words of l>r. Layard, we reflect that *■* Before these wonderful 
forms, Exekiel, Jonah, and others of the Prophets stood, and 
Senacherib bowed ; that even the Patriarch Abraham himself may 
possibly have looked upon them :*' that works of such extraordinary 
interest and value should, after the lapse of thousands of years, 
have found their place in our NatiomQ Repository, is indeed a 
matter of just [iride and congratulation, and I cannot forbear to 
expresH a confident hope that no exertion may be wanting un the 
part of our rulers, and of the nation generally, to second the in- 
defatigable zeal tif our countryman in securing for us a still farther 
accession to this most important collection. 

In conclusion, Mr, Smirke referred to the recent accounts from 
Nineveh, as being provokijjgly vague and meagre. There had 
been found, it wi^idd appear, a most miscellaneous collection of 
rich armour, antique vessels, costly apparel, and other treasures, 
put together in a manner perfectly perplejting. An Ingenious 
pupil of his, Mr, Cates, liad, however, drawn his attention to a 
passage in Diodorus Siculus, which would perhaps help to explain 
so otherwise unaccountable a circumstance. Sardanapalu^, as they 
all knew, when his danger was imminent, and the Median enemy 
in possesion of his city, owing to a sudden irruption of the river 
breaking down twenty stadia of the walls, collected together aH 
his vestments and treasures, and formed of them a grand funereal 
pile. On the top he placed his concubines, his eunuchs, and him* 
self; and, applying the torch, the whole were burnt together, Dio- 
dor us relates that one of the eunuchs made his escape, and gave 
infurmation to Beleays, a Babylonian priest, that under the ruios 
of the king's palace might be found enormous treasures. The 
priest went straight to Arbaces, who, in the midst of his triumph, 
was distributing rewards to his satraps, and reminding the monarch 
that he had predicted the fall of Nineveh, said that in the midst 
of the battle he had vowed a vow to Belus, that if the Babylonians 
were victorious, he would convey the ruins of the royal palace to 
Babylon, and erect there a temple to that god, which shuuld at 
once serve as a landmark to those who navigated the river that 
ran by that great city, and be a mon<iment of the destruction of 
Nineveh. Ihe Median king, who was described by Diudorus as 
possessing a noble and generous disposition, granted to Belesys all 
the ruins of the royal palace for this purpose. The priet^t then, 
with the help of the eunuch, removed a greater part of the trea- 
sure; but the fraud was discovered, and he was condemned to 
death. The operations of the priest, so far as the treasures were 
concerned, were surreptitious, and of course the investigation of 
the ruins could not have been ho complete as if it had been con* 
ducted openly and deliberately, and that would seem to account 
fi*r the incongruous heap of valuables discovered by Dr, Layard. 
Thus, if the eunuch had not had so natural a distaste to be one of 
the party in the rayai auto-dii-fi\ Dr. Layard might have been by 
thits time in possession of all the treasuies of Sardanapalus, 
Remarks mad* at the Meeting after the Reading of the foregoing Paper ^ 

Mr. Bellamy (the ChsirmaD.)— Our best tUiukt are due to Mr. Smirke 
for Ids interesting paper on thii liighly iaterettin^ Bubjccl. I may mention, 
u an sddittoa to the paper, th&t 1 have noticed m tbeae aculjituros the 
appareut ciiitcnce of folding doori. I cannot help expreasing a wiah that 
tbeic fxcellent Bctilpluref roa? be ipeediJT femoved from the cellar which 
they at pretent occupf, to a better poiit'ioa, where ihey may be aeea to 
greater advantage. 

Mr, Donaldson.— There canaot be a donbt bat that Dr, Layard has al 
Nimrood l>rought to light a cUit of architecture or style of art, which pre- 
vailed not only on the haoki of th« Ti^rii, hut alao ohtaked through tbtt 
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mttmttf ftfion of eoantty etlled Aiiyrift. wlileh ineladed Medii wi 
Pcffls. F hive here a volume of the ' Universal Hiiiory,' publiihed in 
ll4Tt whicU cent tin* copiea of Le Bra n't reprwenlitioni of Penepolii. 
IbmB «iigraTingB ihow a great number of col urn na, and a perfect ideatitf , 
BDI 9tklf of ttyle, but of tbe objecti repreAentad in (he bai-reliefs-^wiaged 
%alla •od lionii crowned with a sort c»f cap, divioitieii dte.'^drawn more 
IbflA one hundred years ago. There are aUo baa-reliefa with long lines of 
ffffiOM^s in procession, exaetlj in the same stjrle of costume u those to 
wWdi Mr. Smirke has drawn our attention. The figure* which he supposes 
to li« ■ tutelary dirinity, is likewise here represented as being common on 
tte lo<Db# in the neighbcurhood of Persepolit^ eiactty in the tame way that 
flff an repreteoted in Egrptian antiquities. The kings of Persia used to 
MM AlternAtely, according to the leaioa of the year, at Babylon, at Susa, 
at tcbalAna, and at Persepolls; at all of which places the lame character 
ti atyle and art would prevail, I am therefore inclined to the iup{>oaitioD, 
1^ iht architectural remains now brought under our notictf form tmt one 
af tdaaat which was spread over the whole country; a fact which I think 
' 1 be more obvious^ if we had equally excelleat illustrations of the 
ttf Feraepolia, as of those dow before us. The winged lions from 
b« now in the British Bluieum, are crowned with a sort of cap com- 
Maly foutid a poo the sphinies in Egyptian remains; and it is remarkable 
tbai the bulla from Nineveh agree exactly in size with those at Per&epoUsr 
Utli being about 22 feet long and U feet high. That is another sign of 
ikstity, and I conceive the material will furnish another. These remains 
irt said to he of alabaiterr and that was a material frequently used in 
Bgypl« aa witness the sarcophagui in Sir John Soane's Museum; and, 
iadced, throughout our own Gothic period. For arcbiCectural ornament^ or 
MQlpttiral devices and figures, the use of alabaster has been eitenslve Id al) 
pemda of art* I cannot agree with our friend, that Israel bad more to do 
witb Asayriathan with Egypt; as the latter is mentioned much more frt- 
fmitly than the former in Holy Scripture; and, it will be Temembered, the 
id of the Egyptians was called m to resist the Assyrians, who in the end 
sctoally carried the Israelites away captives. At an earlier period, too, 
non married the daughter of Pharosh. There was, besides, a greater 
/ in the art of Israel to that of Egypt, rather than to that of Assyria. 
must, too, hate been a great enmity between the Persians and the 
IgTpliaDa, for Cambyses invaded the latter, destroyed the temples of Thebes, 
ile« the god Apis, and dishonoured the tomb of Amasts, king of Egypt; 
iad, tberefore, the Israelites could not very well have been friendly with 
bolb* Dr. Lsyard says it is probable that Abraham saw these sculptures, 
but I doubt tiiat the Holy Scriptures justify this supposition. We know 
that there were pyramids in Egypt one hundred years before the death of 
Noah; and it hat always been the practice to assign a higher antiquity to 
SgypttiQ architecture than to Assyrian, I am myself of opinion, that there 
b in these sculptures signs of a depreciation from the simple prlncipki of 
an iBcipknt and rising art; and that it is rather a degraded phase of Egyp- 
tian art^ than a new and ori];;inal class. In eonclusioni Mr. Donaldson 
propoaed a vote of thanks to Mr, Siuirke, and alio to Mr. Murray, for the 
tUnatrfttioua with which he had favoured the Institute. 

Mr. SaciREt remarked that the represeniations of the Perscpolilan sculp- 
were very imperfect. The best were those of Sir Robert Porter j hut 
he was not a very careful drauf(hlsman« He hoped the time would 

10 come when they may be aa well known as those of Assyria. With 
' to the connection of Israel with the coontries of Egypt and Aisyria, 

must not he forgotten, that although Solomon married Pharos b's daughter, 

i sought his "cunning workmen'^ and the materials for his great a rcbi. 
tadnral works in the opposite direction. He begged to repeat his decided 
eootictinn that the Assyrian marbles bear a much more marked affinity with 
tfM tncce^ding Greek style of art than that of Egypt. 

The Chaihmak thought he could detect a knowledge of penpectlve in 
A«frUiii architecture; and in some Instances there were indications which 
wobU lead to a supposition that tbey bad also a knowledge of the principle 
el Ibe tfch. 

Mr, C. H. SvrrH said these marbles were laid to he alabaster, but that 
coattyed a wrong impression, as he believed they were not alabaster proper 
or sulphate of lime. He had slightly examined the Assyrian marbles, and 
believed them to be carbonate of time. Dr. Buck land bad, be knew, said 
they ar«re alabaster, but the Doctor had told him that he had not eiamiued 
I closely. 




The CsAiiiMAiv said that he believed one was a conglomerate or freestone. 

Mr, FEROtTsox said that the members did not seem to be aware that the 
Freoob had sent to Persepolis, and had copied all the sculptures discovered 
HwTO to a very large scale and with great accuracy. The drawings were 
Bnidi belter, he should say, than those now exhibited of Nimrood, and that 
they gave more details, and were more complete in every way. The last 
letters from Dr, Layard announced that he bad discovered the throne of 
the King, upon which there was not the slightest trace of fire* It was 
composed prindpally of ivory with gold ornaments. There were traces of 
cloth trappings; and the gold thread with which it was sewn and embroi* 
dered still remained. This throne had been found in the same ruin as that 
ubieh eoDtained the miscellaneous collection of valuables already alluded 
lo, but Dot in the tame chamber. The ccndition of the articles discovered 
^fcit indisputably that that palace had never been destroyed by fire. 



Major lUwlinaoii bad, however, aatiafactorily determined that Nimrood wat 
not Nineveh ; that city had not yet been excavated. The name of Jonah 
having been found at the onset on the ruinSt do further excavations were 
allowed by the Mahommedans on that spot. The attachment of the horses 
to the cars in these sculptures, which seemed to occasion some difficulty, 
waa easily explainable, inasmuch as It was in common use in India to thia 
day. The pole comei from the axle, and a sort of platform is carried on 
tit) il meets the yoke. That it always covered in India with red clotb» 
ornamented in the same way as appears in the sculptures. The upper part 
is a platform on which the driver can sit. In answer to the remarks made 
upon the honeysuckle oroamentf it appeared to him quite clear, that the 
Ionic was derived by the Greeks from Asia, and the Doric from Egypt, 
Thus ID these marbles there was no trace of Boric, but everywhere traces of 
Ionic, for in Egypt the Doric was found all the way from Nubia down to the 
caves of Memphis. His opinion was confirmed by that of all the greatest 
authorities. 

Mr. ScoLEa remembered during the whole course of the Nik, from the 
second cataract downwards, but two instances of anything like Doric 
columns, and they were simply fluted cyliudrical shafts without proper 
capitals. 

Mr. FxmousoN. — Yes, tbey have the square abacas. 

Mr, ScoLKs wished to ask his friend Mr. Smirke, whether he considered 
this an architecture tut generis^ and if not, w he ace derived ? 

Mr« Smirks. — If not indigenous, il is impossible to say whence it wai 
derived, for we arc unacquainted with any earlier style of architecture. 

Mr. FowLVK said that the bull taken in the Burmese war was engraved 
with ornaments, just as might have been supposed to have been executedln 
the best days of Greek art. There was upon that the honeysuckle onia- 
mcnt found on these Assyrian remains. 

Mr. H, B. Gabxing asked why Mr. Smirke supposed these details wer« 
not executed by skilled artists ? 

Mr. Smihes. — Because they are to numerous that t master hand could 
not have been engaged upon them all. They are sketched with the utmost 
profusion over the whole of these sculptured remains. 



TOWERS AND SPIRES OF THE MEDIEVAL PERIOD. 

Some Obstrvaliom on Tower* and Spirent of Churches of the Mcdke- 
val Period, By John BniTTON, F.S.A. — fPaper read at the Roynl 
Institute of British Architects, April 8th.} 

Mr. Brittox addreBBed the meetinf? nearly as follows; — "Mr. 
President and Gentlejnen, — I am induced to appear before you on 
tlie present occasion, most probably for the last time, to call ymit 
attention to the interesting eeries of drawings now exbiblted, 
which have been mad© by Mr, Wickea, architect at Leicester, 
who has devoted much time, skill, and perseverence to a task 
which he has entailed upon himself, con amore* How far he has 
succeeded in the execution of that task you will be euablf d to 
judge by a cursory inspection of the drawin^^. Had I not believed 
thai they were worthy of the attention and admiration of thi« 
learned and scientiii& Wdy, I fihould not have obtruded them on 
your notice; but satisfied as I am of the interest attached to the 
subject, and of the accuracy and skill manifested in the drawings; 
and believing also that the various towers and spires of Oreat 
Britain in particular, and of the civilised world in general, are 
entitled to the diligent study of the architect, and the admiration 
of the antiquary, 1 volunteer my weak and bumble services in thua 
introducing a provincial member of the profession to the Royal 
Institute of British Architects. 

Before alluding further to liis deliniations, I gladly avail myself 
of the pre&ent opportunity to acknowledge and thank this society 
for the honour and compliment which they paid me at its for- 
mation, by electing me as the first honorary member. Though it 
has been to me a source of pride and pleasure to receive similar 
compliments from several other societies devoted to architecture 
and archiBology, I must own that 1 never derived so much gratih- 
cation from any of them, as from this proof of the esteem of the 
architects of London, with many of whom I had been intimately 
acquainted for years. To have secured the approval of guch a 
body of artists, and to receive from them a voluntary testimony 
of tneir regard by that election^ surprised and delighted me. The 
only thing I have regretted has been, as it still is^ my inability to 
render that assistance to the society which I have always wisheil 
to do, but which other pressing denunids on my time have pre- 
vented. In the progress and prosperity of the Institute I have 
alu ays felt deeply interested, and therefore hail with much delight 
the position it has attained — not only in our own, but in foreign 
countries. May it long continue to prosper, and thereby coiuer 
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honour on hU it^ members^ generally nnd individuAlly; mar it give 
to ErijfliisK rtfchitecture a character and dignity ri\ nllj n|r* nut 
merely that of clait^ical and Tnedi«val Hntic|iiity, but of all co- 
eitistent nations in the world; — may iHudable rivalry — ili vested of 
envy and all other bad passions — i^overn and be dimtsed through 
the soriety; — and may all it^ councils and proceedln^» he cha- 
ratierised by liberHlttv of sentiinent and artion, and by devotion 
to the credit and wel/are of the profe'^sion." 

Mr. Britton then read pan of the fvdloHinir paper which he had 
prepared fi*r the ocoiision ; but weakness of the orfir«'^tts of the 
throat, from long iiineas, rendered him unable to go through the 
whole. 

In the subdivision, and in the distinctive part^of churches, tbere 
i» not one whicli more strikingly contra-distingiiiiiheH thehuihlin^ 
of the mediffival age from those of the Pagan world, than the 
Tower, Steeple, and Spire. Tliis marked feature of a rhurchwus 
inventetl by the earUej^t Chribtian arrhitei't^, who in the fir^it place 
dei^igned and raiised a plain, simple, and rude pile^ amall )U size, and 
devoid of of all ornamentation. In every succeeding age imd era 
they produced changeii and improvemeuta in this architectural 
member; and it ia equally evident, that every architect invented 
something new in form, proportion, and detail, in each and every 
new tower that was progressively erected. I belie ve^ it nmy be 
safely said, that there are nut two of thetie building« in England 
preci»el)' alike. 

It hats been erroneously supposed by writers on medineval archi- 
tecture, that the eniployment of spires, or pyramidal terminations 
of towers, was a consequence of the introduction of the poiated 
arch ; and that the tower** of church e^, erected before thiit im- 
purtant era in the hiistory of architecture, were designed to he 
jierffctly flrtt at the top, 'fhis^ mistake has arisen from the circum- 
stance, that the most ancient towers have lost their original finish; 
gome being now covered with flat roofs; others having qnreft, 
pinnacles, and certain appendages of much later date; scarcely 
any, indeed, remaining unaltered at the present time. But if we 
examine the repreitentatiousi of churches in ancient drawings, and 
on seala,— a Kpecies of evidence of the greatest possible value, — ^re 
find that spires were very common in the eleventh and twelfth 
centuries; and even among the Anglo-Saxons King before. The 
engravings from ancient Saxon MSS., in the works of Strutt, 
comprise many siiires, finished with crosses and weathercorks; and 
the well-known drawing of Canterhur}- Catliedral, mndeby Eadwin 
the monk before the destruction of the church by fire, in 11 74-, 
diuplsiys no less than five g pi res on the church ittjetf, besides some 
on the out-buildintfs. Compared with those of the fourteenth ajid 
fifteenth centuries these primitive spires were very clumpy; t?jey 
were square in plan, and either covered with lead, tiles, or shin- 
gles; and the luftiest were not more in height than twice the 
diameter of tlieir base. Two ancient spires of this ft»rm remained 
till the beginning of the present century, on the western towers of 
the collegiate church of Southwell; anil there are ^^till two small 
ones at the angles of the M-est front of Bishop'^ Cleeve church, 
Gloucestershire. A great improvement was effected in the form of 
spires, by reducing tliem to an octangular shape; though the 
ejirlier examples of that kind had still a souare base, the angles 
being sloped upwards to the spjre. By this alteration, though their 
height was not actually increased, they had an apoearance, when 
viewed at an angle, of much greater loftine^^B. There are many 
stone spires of this kind in Lincoljishire and in the adjaeent coun- 
ties. 

Though the builders of stone Rpires appear to have boen cau- 
tiouH of increasing their height, those of timber soon ast^umeU a 
great altitude with proportionate elegance of form; and were at 
length made of much less breadth than the towers on which tliey 
were built, and with a degree of sleiidfrne3>s never attained in 
stone. There is a fine timber spire at Long Sutton, Lincolnshire; 
and one of the earliest stone spires is at Sieaford Church, in the 
same county. 

Stone Hpiree, na well as those of timber, were gradually reduced 
to a more slender proportioo. In the fourteenth century their 
aniflei* were decorated with Ciickets; and the pinnacles at the 
angles of the tower below wcix* frequently connected with the 
spire by arch or llying buttresses. 

The forms, j»roportion8, and details of Towers and Spires were 
infinitely varied and diversified. They were most usually olai'ed 
at the tCestern end of churchej^; and some of the Inrgcr and more 
elabuntte edifices,— as York, Lichfield, Canterbury, Lincidn and 
Wells Cathedrals, have each two towers at the west end, and a 
third at the centre, or intersection of the nave and trunsfpts. In 
Lichfield Cathedral each of the three towers is crowned by a lofty 
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and ehdmrate spire* Exeter Cathedral presents the unique 

ample of a tower at the extremity of each transept. 

The Towers of churches are either square, round, or octagonal^ 
the first being the most frequent. Large doorways and window «^ 
buttresses, stringcouinses, and other decorations diversify them. In 
some examples (as at St. Mary's^ Cheltenham; Almondbury Church, 
Cilou coster shire; the church at Reculvers, Kent; and many other*), 
the bases of the spires cover the whole upper surface of the tower* 
Occasionally, indeed, they form projecting eaves; but at a later timt 
the tower was separated from the spire in a marked manner, by a 
parapet, either plain, embattled, or perforated. The butti 
forming the angles of the tower were terminated by elaborati 
turrets, or pinnacles, the w bole forming a richly ornamented group. 

There are numerous towers of all agea without spires; and soaia 
(as at Ely Ctithedral, and the churches of Fotheringay, No 
tonshire, and Uoston, Lincolnshire), are terminated with oc 
turrets, or lanterns. At Sutton Benger Church, WUt*hire^ 
phiin square tower, with a rich embattled parapet. From eadi 
angle of the parapet rises a small [linnacle, wliiliit the ccti^r^ of tli€ 
face of the tower sustains another, somewhat larger, and of florid 
decoration, but more diminutive than the ordinary jtpire. 

The towers of the Somersetshire churches present manv beauti- 
ful and interesting characteristics, worthy of the agea or HennM 
VL and VII. 

It would be irrelevant to the present purpose to advert to the 
fine and elaborate towers and spires of Continental churches and 
cathedrals; — those of Antwerp, Strasburg, Freiburg, St, Stephen's, 
Vienna, nnd Malines, will readily occur to the memory of the 
architectural student. 

In more remote connection \vith the subject, the Round Towert 
of India, of Ireland, and of the eastern counties of England, the 
Keep, arid Bastion Tower« of ancient fortresses, as well as the 
Tower Gate- houses of old English cities, claim a passing allusion; 
as at a more favourable opportunity they would well repay atten^ 
tive consideration and lengthened comment. 

It cannot fail to be a subject well worthy investigation and 111 aft- 
tration, for an architect to inquire into the history, peculiarities, 
construction, design, and endlesBly-varied features of towers and 
spires, and also to prepare such a series of drawings as would 
clearly and amply illustrate the progressive improvementa made 
in this department of the architect's professional career. 

Actuated by a laudable desire to accimiplish a publication of this 
kind, Mr. Wickes, of Lcicc^^ter, has visited several of the cathe- 
dral, collegiate, and parish churcheis of England, and made draw* 
ing« of their interesting towers and spires, which he proposes to 
have lithographed and puhlinhed. in a prospectus which that 
gentleman has issued, he mentions his inteiuled work us **a de- 
sideratum in the history of our national architecture.*' He adds^ 
with equiil truth, that "■' among the many beautiful and stiiking 
relics of mediieval art scattered throughout the land, the gpires 
and towers of our churches stand pre-eminent for richness, variety, 
and elegance, and hence deservedly claim the tribute of our pratee 
ami adiniration. Reared by the hand of genius, and dedicated by 
the spirit of piety, these stupendous fabrics, — 

** Puml u with tlk'ut tinker la ibe tky aod •tart}*' 

and after the lapse of centuries remain to bear indisputable evi- 
dence to the taste and skill of our ancestral architects. The 
grandeur of their composition, and the fineness of their outline, 
their exquisite proportion, richly sculptured ornament, and yet 
chaste detail, dis}ilay the asloniahiug invention and teslhetic 
ability of their designers; no less than the boldness of con- 
•<it ruction and scientific arrangement of thrust and counterpoise 
attest their W4uiderful skill, and the proficiency to which they 
had attained in the study of architectural dynamics.*' 

Some of Mr. Wickes's drawings are now exhibited; and should 
the profession und the pubtic be disposed to patronise his uuder- 
tjiking, he will be enabled to publish a series of illustration^^ suf* 
ficieiitly numerous to cluiracteriae all the leading varieties of tower 
architecture in Euglmid. 

In order to direct the attention of the present meeting more 
particularly to the subject, I have ventured to offer the^e few 
remarks on the leading peculiarities of ancient eccletiiastical towers 
and spires. 

Remark $ mode at tht AUeling iifttr the Reeding ^ ihe/ortgomg Pep^. 

Mr. Godwin thought the ihawiii(r» now fxlobited beyond all praise. If 
any proofs were rcquireH to retute the aftertlon of a recent writeri that all 
p/iriAli cliur<'ties ciisplnjcc} tal architecture, ihc leript c»f drawingn now b6-> 
iiirv Ihc iiJL'fijfig woulfl d(i that mmt triumjjhnntly. The towers and sfjirea 
of tilngUnil, commeriduf with the Normao aud ending with the early fio|liali 
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ftnndt «fththited invAriibtf a wooderful beiuty and exaetncci of proportion, 
and a marrelloiu grace of outline. The ipires of the Utter period he hid 
ttiMiUon«df presented a variety of character which waa taoit extraordinary, 
OMMideriog how few were tb« elerueata at the command of the architect!* 
Tliey bad ooly the •quire, the aeiagon, and the octagon, and yet there were 
not two ite«plea to be found at that period prectteiy alike; while their nut. 
lioet had a power and beauty, which completely diiproved the ataertioo.that 
•11 tba old parish chorchea of England were bad Gothic While on this tab. 
Jfd, he wished to draw attention to the miierable condition of many towers 
Md fpirea throughout EngUnd. A remarkable in&taoce wat Ihe tower of 
3t. Mary'i, Taunton. The interior of that edifice was fitted up at a larg« 
coat a few years ago by Mr. Ferrey, felloe*, but the lower wai left untouchi^cl, 
and it waa now in a wretched ftate of dilapldilioo and decay from top to 
tiottoiD. St. Stephen'if BriitoU which had a curioua arrangement of open 
work, sinailar to that at Taunton , wi» alio in a decayed ttate; but dilapida' 
tioii itt^If was eveo better than tome njodes of repair. He had been on the 
day preriouB at Dundryj a village in Somerietihlre, four or fife milei frooi 
Bnafol, amd the church Cower there bad open work at the top, loiDethtng 
like that at St. Stephen'a, Briitol but yet poiietiing intereiting peculiaritiei 
i4 itt own. The upper part of the tower falling into decay, an architect 
waa eonaulted, who recommended Ihe rebuilding of the decayed portiont» at 
a eoai, wbtcb be eatimated woyld be abont 500/, The pariih blackimith, 
however, who, being one of the veitry, wai all powerful, taid be could mend 
it for 40^.; and accordingly he had encaied it with the most amuiing elabor- 
■liOQ of iron net. work ever beheld. Crou hart of iron traversed the 
M vrer ia every direction, and thii mode of repair would In a few yeart 
b,:en the whole pile to dettrurtion. The lower, which wit a beautiful 
<p dmen of the style common in the flixteenth century, was in a good state, 
cx:t'pt the top; and he repeated, that the meant used for its repair mutt 
i&eTtiably in a few years destroy the whole. It wat, indeed, moit importint 
tfa«t parish aotbonties ihould listen to that which was repeated almost 
fvify day, namely that they ought in such cases always to call in proper 
professional advice, and not merely call it in, he would add^ but take it. 

Mr, TiTB, — I am gjad, and I am sure all here present are delighted, losee 
oar old friend Mr. Briltonr again amongst us. Lei u% hope it is a pleasure 
which will again gladden us. Our friend states that Mr. VVickei is anxious 
to pablisb the aeries of drawingSr in outUne here exhibited. Every arttst 
woold desire to see them published in outline; lo the profes«ioti that would 
certainly be the most useful and acceptable form. As a group of buildings 
Ibey aire honourable lo the country and to our native architecture. I do u(^t 
think that any other country in the world could furnish the originals for such 
ao admirable series of drawings as those now exhibited. There are frvv 
coQoCnes that could match, or at least excel, any of them In beauty. In all 
Korm&ndy, t only remember one church which 1 could describe as worthy 
lo be ranked with these; that was at Liliebonne, a town famous for Roman 
icsoaina; and I was delighted to find, on inquiring aftpr its architect, that it 
waa altribttted to an EBgliihman^ who had settled permanently in that part 
ol the country. I mention the circumt&nce as a proof that English church 
•fthitecture has a distinctness of character, which would almost of itself 
iQSlJtcite ft separate school of the art. 

Mr. Fowler alluded to the peculiar characteristici which prevailed in the 
of churches in different parts of England. This point had, no doubt, 
struck other gentlemen, and he should like to hear a dissertation upon it 
ham foroe one, if not from Mr. BrittoTi. In Devonshire, Somerset, and 
Wilta, there were general peculiarities clearly ifaceahle^ which had no con- 
aection whatever with any feature of ihe country round about. Mr. Godwin 
bid referred to the church at Taunton. He had long resided in that town, 
mms well acquainted with thot splendid specimen of architectural taste, 
er of St. Mary's, although he confessed it wai not until he had dili- 
c<»mpared it with others, that he became coDviueed that it was the most 
1 tower of that class in all England, and it presented bm curious a net- 
i«f iron bars as he saw at Dundry. He quite agreed with Mr. Godwin, 
Ibe introduction of iron into masonry could not fail to be attended with 
ijurioa<« effect . He trusted the attention of the public would be called to 
the auhjcci, and steps would he taken to restore and preserve St. Mary's^ 
TaitiitoQ, to the condiciou in which its excellence entitled it to be maiDlained. 
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o/ an Ancient Califomian Ci/y.— Antiquaries will feel deeply 
latevceted in the discovery of vast regions of ancient ruins near San Diego, 
and svilhin a day's march of the I'aciilc Ocean, at the head of the Gulf of 
Celiforoia. Portions of temples, dwellings, lofty stone pyramids (seven of 
tbeae within a mile «quare)> and massive granite rings or circular walls» 
round venerable trees, columns and blocks of hieroglyphics— -all speak of 
aome ancient race of men now for ever gone, their history actually unknown 
to any of the existing families of mankind. In some points, these ruios 
reaeroblc the recently discovered cities of Palenque^ &c., near the Atlantic or 
Mexican Gulf coast; in others, the ruins of ancient Egypt; in others, agaiOf 
Ihe monuments of Phccnicia, and yet in many features they differ from all that 
I have referred to. 1 observe that the discuverers deem them lo be ante- 
dilufiao, whilst the present Indians have a tradition of a great civiliacd 
nation, which their ferocinas forefathers utterly destroyed. The region of 
the ruini it called by the Indians ** the Valley of Mystery," — Amtrican C&rrC' 
^pofiaenf. 



THE ENTASIS OF A COLUMN. 

Description qfa metliod inmnted 6^ Mr. Joplingfor descrihing f/*e 
Ent^uriM of a Column^ or Spire, and some ollter Curves adapted to 
Anhitei'turtil Lines, By F. C. rENw^sE, Esci. — (Paper read at the 
Ruyftl Institute of British Architects, Marcli I8th.) 

TnKitE are few gentlemen here, who will not nlinw, that a cuTTe 
of strictly varying curvature is moie beautiful and appropriate 
than one, like the faJ*e ellipse to which I point, which is made of 
several circles, each mutilated segment of which su^gettn its own 
completion, and interferes w^ith the general line composed uf the 
several arcs. And no one wiJI deny, that, if it can be shown that 
varyin^if curves can be constructed easily, we ought to apply them 
whenever possible, instead of the broken lines bo often used, \ 
wag led in fulluwing out an examination of the curves used by the 
CJreeks, to endeavour to invent an inetrnment for drawing hy con- 
tinued motion the hyperbola, a curve frequently used by them in 
the profiles of their mouldings, and the entaisis of their c^jlumns; 
and I succeeded in arriving at an instriinient, which, by a verv 
slight modification of the raetliod of drawing' the conchoid of 
Xicomedes, of which I produce some ex rim jilesi, draws the hyper- 
bola with the greatest exactness. 1 had nut gone far in this 
study, before I found that Mr. Jo&eph Jopling had made many 
valuable disscoveries in various method^! t»f drawing curves by tua- 
chinery, the principles of some of which he ha« recently published 
in a small pamphlet, named the •^ Impulse to Art,' In this he de- 
scribes a method for drawing the Ionic volute by a particuliir and 
simple arrangement of three cranks, or a crank and two strings, 
like the instrument I lay before you; and by another arrangement 
of the jwime instrument, he produces a very beautiful ogee, calleil 
by him the line of beauty, of both of which he has lent me specie 
mens of a lar^e size, drawn by him to lay before you this 
evening. I was enabled by applying his method deduced from 
the 'Impulse to Art,' without any assistance from him, to 
arrive at i*o near an approximation to the volute of the Ionic 
column of the Propyltea, of which Mr. Willson and I obtained 
exact niensurements at Athens, that I can hardly resist the con- 
clusiiMi that Mr, Jopling has dij^cuvered the method uj^ed by the 
Greeks in drawing their volutes. He assureti me that he has foilnd 
equally, if not more, satisfactorv comparisons from the volutes of 
the Erechtheum and other buildings. 

VVhat I have chiefly undertaken to bring before you this even- 
ing, is a method for drawing the entasis tyf a column, or a spire. 
He suppose it to be granted (which perhapg is not absolutely cer- 
tain) that a spire ought to have an entuaiii. It probably depends 
upon the effect we wish to give to the spire, whether it should be 
sstraight-f«ided, or have the usual convex entasis, or conca\'e entasi»^, 
as the latter may he called where the sides are hollowed. Mr. 
Jopling's instrument, which is very simple, is equally adapted tii 
either case. It consists of two principal parts: a flat straigfitedgL', 
the sides of which, instead of being parallel to one another^ di- 
minish at a small angle; the one for instance which I produce, i» J 
feet 6 inches long, at one end 3^ inches, and at the other 1 A mdi 
broads The other part is a bar with one fixed peg at the end, and 
two mtiveuble sockets, one of which carries a peg, the other a 
pencil tube. Nothing more or less than the bar of an ordinary 
trammel and the tapering straightedge: it is the same in priucijde 
as the trammel, only much more convenient for tlie drawing of very 
liat elli[>3es than that instrument in its ordinary construction. 
This might be applied fulLsLae to the column or spire, with great 
ease, though it may be questioned whether that be really so good a 
way as that of obtaining the curves more at ease, and setting them 
off from straight directing lines. In dniwing the entasis however 
on paper, to any attainable si^e, its action is most simple. To pro- 
duce a very flat ellipse, we have only to set the two pegs at some 
convenient distance, rather greater than the brt*rtdcr pfirt of the 
straightedge, and the pencil at some convenient distance along 
the bar. By sliding the bar along the straightedge, keeping' the 
two pegs in contact, and the pencil on the paner, which ia, after a 
little handling, very easy to do, with proper elboM- room and other 
convenience of standing room, we produce a portion, nearly the 
half, of an exceedingly flat ellipse; the part nearest the vertex 
having very sharp curvature, and the parts removed from it being 
altntktft straight: so that by a proper selection of a portion of this 
arc, we may obtain a curve of whatever variety we please, con- 
stantly varying also its curvature according to a regular law, al- 
together superior tfi anything that can be put togetlier by parts of 
circles and straight lines, for those purposes at least to which it 
can be applied. 

There are numerous other forms of curves, that could be advaa^ 
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iageouslv applied to architectural purpoaea, several of which Mr. 
Jopling nas produced. One, which I nere point out, is described 
by an instrument devised by myself, and wnich draws very com- 
plicated forms, available for some purposes in their entire state, 
and for others by a proper selection of parts, so as to be made ap- 
plicable for the curves of vases and other lines, and these always 
suggest beautiful motives for lines of varied curvature. On the 
present occasion, however, time does not allow me to enlarge upon 
them, and I must conclude by again calling to your notice the 
extreme simplicity of the instrument, which Mr. Jopling's kind- 
ness has allowed me to lay before you, and which is most readily 
adaptable for drawing what is often required in Architecture, a 
long line departing very little from a straight line, and yet with 
an almost unlimited variety in its curvature. 



MOTION OF WATER IN PIPES. 

On the Motion qf Water in Conduit Pipee; on Friction and Pres- 
sure in Pipes; and on Jets d'Eau, By M. D'Aubuisson db Voisins, 
Ingenieur en chef Directeur au Corps Royal des Mines, &c. &c. 
— (Translated by T. Howabj>, for the Civil Engineer and Archi- 
tect^s Journal,) 

{ComttHMsd Jrom page 132.) 

Equation where Conduits are terminated by Adjutages, 

13. We have hitherto considered conduits as entirely open at 
their further extremity; whereas, they are generally terminated 
bv nozzles or cocks, or nave some Kind of adjutage which contracts 
the opening, and makes the water issue forth with a velocity dif- 
ferent from the uniform motion of the fluid in the pipe: conse- 
quently, the equations (I. to XII.) based upon the supposition of 
identity of velocity, do not apply except under that condition. 
The first member of these equations, H — *155cr', gives the portion 
of the head destroyed by the resistance of the conduit; which 
portion is the entire head H, minus that which remains to produce 
the velocity of discharge (2): if this velocity is called V, the 
first member of the equation will, in general, be H — 'l&S V. 
The second member is the expression of the resistance of the 
sides (7), which is a function of the velocity in the conduit, or 
of v; V ought then to remain as it is in this member, which will 
not change in value. 

13. In conduit pipes, even more, if possible, than in other cases 
of fluids with unbroken continuity ot motion, the velocities, at 
particular points, are in inverse ratio to their sections: so that if 
d be the diameter of an adjutage at its discharging orifice, m the 
coefllicient for its particular contraction, D being invariably the 
diameter of the conduit, we have 

V:v::ir'D«:»'fjw/«; or, 

md^ D« ^ md* md^ 

The equation for the movement then becomes 

[In m^tr.] H- 08264 -^^--002221 ~ (Q»+ -0432 QD«) 

[In feet.] H--02519 -^— «-000677 — (0^+ -14173 QD>) 

Of the five quantities which this equation contains, four being 
given, we may by it obtain the value of^ the fifth. 

It if required, for ezsmple, to determioe the diameter necessary to gi?e to 
a circular orifice in t thin plate, fitted to the end of a conduit of *08 feet 
ditmeter, and 532 feet long, the quantity of water to be discharged per 
second being *02 feet, and the head 4 '5 feet. The above equation will give 



D - -235 



-</, 



•02519 Q"D» 



«i»{HD»--000677L(Q2+-1417QD«)}* 

Puttting in the numerical values mi-*62, and reducing and eztracting the 
fourth root, we have <fa.*0477 feet. 

14. For velocities above 2 feet per second, we have (all being in feet), 

.n«A«,, -* (XVII.) 



H- -025 19 



m^d* 



— 000711 -^ ; 



/ 



HD» 



«-"«»* V L*35-47-21. 



and 



(XVIII.) 



V H-02519 ?^ ' 



(XIX.) 



Ex. 1. — To a conduit of the dimentioni given below, we will adapt a 
conical adjutage *03 feet diameter: we require to kaow the qoaatitj it will 
then discharge ? 

Here D- '25 feet; L- 1450 feet; H-i5-82feet; and for the cociBcieBt 
for the convergence of the adjutage we take *90. Conseqaently, 

M>4f«- -0000006561 ; and 35*47-^ > 52795. 



M«tf« 



Then Q- 37*034 



/ 5-32 C25)^ ,H)ii46eab.feet. 
'V H&0 + 52795 



The complete eqaation (XVI.) would also give "01146 cub. feet. 

We would here remark, that if instead of an adjutage of *03 feet diame- 
ter, we put one of *125 feet diameter (half the diameter of the conduit), 
the discharge will be '06551 eab. feet. 

With a diameter of -1875 feet (] diameter) . . . '06881 cub. feet. 

Without any adjutage, we should have .. .. -06917 cub. feet. 

These results show, that when the diameter of an adjutage is great com- 
pared vrith that of the conduit (so as to be more than half thereoQ, the dis- 
charge differs very little from that which we obtain by leaving the conduit 
entirely open. 

In several of my experiments on the conduits of Toulouse, this filet was 
particularly observed ; the difference in seme cases was even much less 
than theory would give — it was imperceptible. For example, having at 
the end of a conduit of *164 feet 
diameter, and 1391 feet long, succes- 
sively fitted plates pierced with cir- 
cular orifices, gradually decreasing in 
diameter, and under a constant head 
of 53*5 feet, we had the discharges 
here given. The diameter of the 
conduit being *164 feet, the first is 
the result obtained without any adju- 
tage. We observe that the results of 
calculation approach so much the 
nearer those of experiment, u the 
velocity of the water in the conduit 
becomes less. 

Ex. 2. — Required the diameter of a conduit 2736 feet long, and from 
which, with a head of 21*3 feet, we wish to obuin -4 cub. feet of water per 
second, by several orifices placed near each other, and which taken together 
are equal in area to one circular orifice -13 feet diameter ; the ooefilcknt of 
contraction in this case being taken as *85 ? 

WehaveM*4f«-*000206346; '02519-^-19*547; and, eoasequently 



Dlarndtf 

of 

Orifice. 


DlMOiargt aceordlBfto 


CaicnlatSoD. 




F«ct. 


Cubic Feet. 


Cubic net. 


164 


•07558 


•06074 


•115 


•07417 


•06074 


•098 


•07311 


•06074 


•066 


•06463 


•05080 


•049 


•05192 


-04697 


•033 


•02967 


•02896 



M><f« 



D-235./-^^^«W ».e41fc.t. 
'V 21*3-19-547 



AXT. II.-^0ND¥IT8 WITH BeNDS AND CoifTBAOTIONB. 

Three kinds of Resistance in Conduit Pipes, 

15. We have been hitherto considering conduits as rectilinear, 
and of equal section throughout their whole length; but they are 
generally formed with angles or bends, and occasionidly have parts 
of a diminished section, either over a very small extent (forming, 
as it were, an annular contraction), or else through a considerable 
length. Water, moving in such conduits, on arriviuK at the bends, 
is compelled to change its direction. In so doing, it loses part of 
its velocity: the resistance which causes the loss is as a force 
opposed to the motive power, or the original head; it destroys a 
part thereof. 

At contractions, again, the fluid experiences another resistance: 
having there to pass through a narrower section, it requires to 
have a greater velocity; to obtain this, a new effort is necessary — 
and the consequence is, another diminution of the total head. 

Thus, water, in its motion in pipes, meets, or may meet, with 
three kinds of resistance — ^that due to the effect of the side«, and 
which is by far the most considerable; that which arises from 
bends; and that from contractions. The forces or portions of the 
head employed to overcome these, lessen the total head; and it is 
only by reason of the remaining part, that the efflux takes place: 
this portion is the height due to the velocity of discharge. 

We have treated in detail the resistance of the sides C^--B); we 
shall now examine the other two. 
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The ReJthtance of Bend^f and Angles* 

16, Every moving body, which after having followed a certain 
ection smldeiily chan^-es therefrom, loses a |»ortion of its velo- 
ity, represented by the versed tiine c»f the angle formed by the 
ro directions. If it moves in a curved line, it is continually 
anjBin*r its direction; but the loss of velocity at each ch&nire is* 
ily an infinitely small one of the second order; and consequently, 
Ithouffh the niiiiiber of losses be infinite, the total liH^ will be 
ly an infinitely email one of the first order, or att nothing: in 
ther words, every moving body which arrives tangentially at a 
ve, and follows it for some leni^tb, possesses on quitting it the 
e velocity it had on its arrival. It folio wti, that if a bend in a 
induit be well formed, and the fluid therein should exactly 
►How the curve, it would suffer nu resistun*^e or loss of velocity. 
But this is not the case: the molecules composing the fluid cur- 
int being independent of each other, while those which are in 
IfitAct with the sides would follow the curvatnre, the others, 
iog' directed against the sides, will be reflected by them, or by 
B intervening particles, at an angle which m sometimes very 
inddemble. For example, the central fillet nC hvuA a tendency to 

strike the aide ACB at C, 
and from thence to be re- 
flected in the direction C&» 
The mutual action of the 
particles on one another, 
will produce, in the whole, 
a loss iif velocity; it will 
be, generally, le$ui than 
lat of the central stream taken alone, but always greater than 
idt of the current bordering on the sides. 

This diminutitni of velocity, and consequently of discharge, 
Ithough certain, will yet be very slight. Thus, Bussut, with a 
]j*e of 1'06 inch diameter, and 3:if feet long, laid horizontally in 
atraiglit line, and with a head of 11)7 feet, obtaitied a discharge 
"•TS60 cubic feet per minute: then having bent it in a serpentine 
so as to have six well rounded curves, all else remaining the 
, he obtained 'T'iOS cubic feet per minute. 
We may, however, by multiplying and increasing the acuteness 
' the bends, render the diminution of discharge very consider- 
ile, Rennie, with a lead pipe, 15 feet long, and |-inch diame- 
r, fitted horizontally to a rej^ervoir under a head of 4 feet, 
ttained a discbarge of *iI9 cubic feet per minute; then having 
iven the same pipe fifteen semicircular bends, of 3| in. radius, and 
>aio fitted it to the reservoir^ the discharge was not more than 
70 cubic feet: so that the fifteen bends reduced the discharge in 
e ratio of 100 to 89; with a quadruple head, the reduction was 
the ratio of 100 to 8B. 

IT. With regard to the laws regulating the resistance of bends, 
id to its amount, we are indebted to l)ubuat for the first well- 
ved facts. He has taken various pipes, at first rectilinear, 
meaaured the head necessary to obtain from them a certain 
fthima of water in a certain time: he ha« then bent them in dif- 
forms, and in such a manner that the central current had a 
fndency to be reflected at angles of determined number and 

Ess, and again examined the head with which they dis* 
an equal volume of water in an equal time. The differ- 
tween the two heads, for the same pipe, at one time recti- 
nd at another bent, was evidently the bead due to the 
and consequently tlie measure of' their resistance. The 
1 of twenty- five experiments, which he has thus made, are 
ven in the following table; — 



PIPS. 



V^^Ur. L«,glb. N«n.L?AV*I«., 



loy 

1-07 
1-07 
1*07 
107 
1-07 
107 
107 
2*13 
2*13 

8*13 



Ff*t. 
10*39 
10*39 
10*39 
10-39 
10*39 
1240 
12-40 
6£»46 
22-66 
2266 

22-60 



1 of 36° 

2 or 36 
3ijr36 

4 of 24-57 
10 of 36 

4 of 36 

4 of 36 

4 of 36 

4 of 36 

4 of 36 
^6 of 24^571 
r36 
r 56-23 J 



4 til a\» 

re of 24^571 
{5 of 36 y 
[l of 56-23 j 



Velocfty 

per 
Stcond. 


BetUtancc 
tbe fitndg. 


Corfllcledl 
t>edui:«d. 1 


Vt9%. 


FMt. 




7*55 


•067 


*0034 


7^55 


•133 


•0034 


7*55 


•221 


•0037 


7*65 


•133 


•0034 


6*36 


-524 


•0037 


5*16 


■146 


•0039 


260 


*036 


-0O39 


2*54 


•035 


•0039 


766 


•257 


'0030 


5-22 


*11& 


*003l 


7*66 


*767 


-0038 



Dobuat concludes from his experiments, that the resistance arising 
from bends is proportional to the square of the velocity of the 
fluid, to the number of angles of reflection, and to the square of 
their sines. 

In this hypothesis the coeflicient varies but little, and its mean 
value is *0037. So that if v be the velocity; n, », &c. the number 
of angles of reflection of equal measure; f, t", &c. the respective 
measures of the angles, the resistance will be 

*0037ti"'(«sin* i -f w' sin' i' + ); 

or in function of Q, and taking s for the aum of the squares of aU 

the sines, -0061 ^^ x «^. 

18, la tbe ipptication of Ibii formtiU to anv given conduit, we must 
determine tbe number and value of the anglet of 
reflection for each bend. Now, i timpie diafrim 
shovrs, Iftr that in a pipe bent to an arc of a circle 
(and no other curves need be adroiUed in practjci'), 
hair the diameter of ihe pipe divided by (he radius 
of tbe arc, will pve the termed »ine of the angle of 
reflection, and we may conKequently get its eotine 
and Tilue in degreei; 2ndly. (hat the number of 
degrees in the arc (t. e. the lupplemetit of Ihe an(?le 

"""' ""'^ of the curve)» divided hy twice tbe angle of reflec- 

tion » will indicate the immiher of angles, 
jfi^.A Let uj| for ridinplft, tike a conduit pipe^ *82 feet 

diametert conveying I'yS cubic feet of water per 
■econd, and which preientia bend of 95^ tbe radiua 
of the curve being 6-B9 feet : what wUI be the re* 
aistance occasioned by this bend ? 

According to the role laid down, tbe versed sine 
of the angle of reflection will he *05% (»^.iV)> ^"^ i^* cosine -9405 
( = 1 — '0595), the cnsitie of an angle of 19^ 52'; thii is tbe aii^le of reflec- 
tion. Tbe arc of curvature 85° ( = 180° -9&°} divided by 39 73'' (twice the 
angle of reflection)* will give their number; tbia we shall lake as 3, the quo- 
tient being 214. Tbe tine of 19'' 52' ii *3398, aodiU tquare *U5&: thfi 
resistance tought will therefore be 

(1-76)* 
■00608 Trr^x 3 x •1155«*0144 fcctj 

a quantity extremel|' amalL^ although the curve was toleribly acute and tbe 
velocity coniideiahle. For the pipe with ifteen bcndi^ in Reiinie't experi- 
ment, tbe above method of calculation would give a resistance of -633 feet : 
the ciperiment itself* ai we shall ihortly tee, gave 1*16 feet, which would 
raUe the coefBcient of Dobuat from '0060B to '01113. But luch a case aj 
this seldom occurs in practice; nor does tbe value of tbe resiatanee, even if 
we double the eoeficientt often nmount to an inch loss of head. 

We may neglect account of the value of this resistance in curves of great 
radios; tbe ingles of reflection, it is true, will be greater, hut not so strong; 
and the aum of tbe squares of the aines, and consequently tbe reaiitance, 
will be less. 

19, If the effect of well curved bends it im perceptible, it i« not so with 
angles, properly «o called. An experiiaent of Venturi tbows their influence: 
ibii §avan had three tubet made, 1*25 feet in length, and 1'3 inch diameter; 
one wai rectilinear^ tbe lecond had a bend of 90° well curved, and the thiid 
bad an acute angle, also of 90^: under a head of 2*8H feet, they filled a 
vfiiel containing 4*84 cubic feet, respectively in iW\ 50", and 70". The bad 
effect of anklet la »Hi*wn still more plainly in tbe experiments of Reanie : 
with hi* pipe lb feet lang, | inch diameter, and with i head of 4 feet, he 
obt&iaed, per minute, a discharge 

With tbe rectilinear pipe *4 19 cubic feel. 

With tbe fifteen semicircular bends . . *370 ^ 

With 1 right angle *333 ^ 

With 24 right angles .« .. .. .. '\hl „ 

so that one angle of 90° reduced the diicharge more than 15 coniiderable 
bends. This fact alone shows wiib what care all angles ahotild be avoided in 
tbe establishment of couduit pipes. 

In seeking the head* which made tbe three pipes with bends or angles 
give a discharge {*419 cubic feet] equal to that ukich was obtained when 
there was neither angle nor bend, we find them respectively &'15, 6*33, and 
30'&2 feet. Deducting 4 feet, there remains for tbe resistance arising from 
the bends and angles (17) 1.15, 2 3 3 , and 26 '&4 feet. From which we con- 
clude that the reBiatance from a tingle angle of 90^, wis more than double 
that of fifteen bends; and that of tweuty-four angles was only 11*4 timea 
greater than that of a single one. This lait result atso shows that the 
resistance of angles and hendf is not pro|>ortional to their number, ai Dubuat 
bad remarked. 1 had also observed a like want of proportion in my ExpeH' 
wumti on the motion qf Air m €(mdmt Pipet (' Annates des MkQ«/ 1828, 
p. 453}. 

HesUtanct- arising from Cmdractiont^ 

20, Contractions-, of which we are about to treat, are oi*cagtoned 
by a diminution of tU^ section of the conduit for » very short 
length. 

23* 
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That ire miiy jarive an exact idea of the renislance tbev offer to 
the motion, let us auppose a conduit in whtch« per}>enflicular to its 
axis, we have plared a diaphropn or thin partition pierced with an 
orifice. The stream, on arriving at this point, will contract and 
reduce itself to the size of the aperture, taKinjar a greater veh>city 
in proportion as the section is smaller; and this velocity will always 
he greater than it would have been rn thiH part of the conduit 
without the purtition. The force necessary to produce the extra 
velocity, the direction of the motion remaining the sjime, will evi- 
dently he due to the resiatance offered by the contraction. 

Let li be the diameter of the orifice, m iU coefficient for contrac- 
tion. The vehicity through thin point rei|iiiring to be ifreater than 
in the conduit, ancl following the inverae ratio of the sections, will 

be then exprcwed by '0l56f)^ -^ — -, The excesses of force, or losa 

of head arising from the contraction, will therefore he 

In terms of the discharge^ this resistance will be expressed by 

M» Nir»pr» cnniidering tlmt the itretm* on ptiiin^ nut of tbe cofitraction» 
itnitiedittely reiuiiiet the velocity proper to Ihe couduit« initetd of the dif- 

fereaee between the tqnirei of the two termti — jr^ tnd — i t»lt» the iquare 

/I I \3 
of Ihelr difffrence, (^TTj — ns) • ^"' *" *^** opinion ti contrtry to fact, u 

ihp I'xpirimenti given in the iM'xt section will ibow» we muit ht cirefui in 
ad*»piii»p a result founded on faUe prf mi«s. 

It is but scUhun, however, that we shall have to make use of the 
above formulu, for in a conduit pipe there ougfit not be any sentsi- 
ble contraction : should one accidentally he found, this formula 
will serve to pve u& the value of its resistance It will generally 
be slight; in some experiments* made with Rluiee valves fixed in 
the conduits of Toolouse, I found, after diminishing the section of 
one of them by ^, that the diiw^harge was only reduced j^, 

21. If, in the same conduit, below the first contraction there be 
a second, a third, ^c*, the resiHtanee from each may be determined 
by the above formula, !ind their sum taken. 

But, 111 order ihit these rciiBtaucet may be thut added, tbcy mu»t be in- 
dependent of each other; that it to iay« the fluid, after pAA^ing througb the 
firit cc>ntraetion, must have recovered the general velocity of the conduit 
before reaching the »ecotid. If it were not lo, the fluid ttreami after leaving 
ihefint contraction^ would preterve entirely, or in part, the excess of velocity 
which it had acquired in or^ier to pass through; and a Jeis effort wnuld be 
neceiiary for the aeeond^ and leaa in proportion ai the diitance between the 
contractions wit iTnaMf r. 

Eytelwein has made many experiments 
which fully demonstrate this fact. He took 
tubes 1*03 inch in diameter, at either end of 
which was a co|iper plate pierced with an 
orifice "51 inch diameter; their length, or 
distance between the orificeSj being* given in 
the first column of the accompanying- table. 
They were fitted horizontally to a reservoir^ 
and the discharge made by each ascertained; 
this discharge, as compared with the theoretic 
discharge, which is represented by unity, is 
contained in the second column: it goes on 
gradually diminish ing, and consot|iientiy indi- 
cating^ the resistance increasing, in proportion 
AS the distance between the two oriiicefl is greater. Eytelwein 
again fixed in a tube r03 inch diameter, four thin plates, each 
pierced with an orifice of '256 inch diameter, and at a distance of 
'256 inch from eat'h other; the discharge was then '622. When, 
however, the pbites were placed at the distance i^f 1*03 feet from 
each other, the discharge was not more than '0331. 

^. The observations we have made respecting contractions 
caused liy thin plates pierced with orifices, apply equally to those 
which would be produced by very short tubes of a diameter smaller 
than that of the conduit. I cite the 24th Experiment of Venturis 
This eminent philosopher, with great judgment, arrajjged his appa- 
ratus to consist of two sorts of tubes aitemately; the i>ne B, B, 
were *ltH feet long, and ^-inch diameter; the other C, C, were 
I '9 inches diameter, and their length sometimes '289 feet, aod 



sometimes '564 feet. He at first made use of a single tnbe C; 
then of two, of three, of four, and lastly of five; he suoecssively 
applied these various combinations to a reservoir, tiaing a eoixatant 
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n>23 


•62e 


•043 


•622 


•085 


*6l^ 


'111 


'568 


•260 


'509 


*430 


'487 


1*030 


•4B1 1 


2060 


*478 
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head of 2*89 feet, and the following are some of the dischargei 

obtained: — 

With a single tube, B '0444 cub, feet. 

With a tube, C, added ... *U32i> „ 

With three tubes. C ... "0252 j, 

With five tubes, C ... ... ... ... *O902 „ 

I have attempted ti> compare these results with those hy the 

methods of calculation I have given; the difTereocea have been 

sometimes great^ sometimes inconsiderable; thus, for the last case 

1 have had '0185 cubic feet* 

23, Notwithstanding the great irregularities which theae revalts 
present, they are well worthy attention, and principally on account 
of the very striking manner in w hich they show the effect produced 
bv enlargements in a pine; an effect, carried above a certain limit, 
altogether as prejudicial as that of cimtractions. 

Venturi's entire apparatus, wh'ch was 3'2 feet long, may be con- 
sidered as a pipe ^inch diameter, having the five enlargements C. 
It furnished, as w^e have seen, a discharge of '0902 cub. feet. He 
afterwards, with a tube of the same length, but of the uniform 
diameter of i-in*"^* obtained '0327 cub. feet. The enlargements 
thus diminishing the discharge in the ratio of 100 to 62. 

24. There is yet one other contraction that ought to be con 
sidered^ — that experienced hy the fluid stream on its entry into a 
pipe of less diameter than that which immediately precedes it. 
The resistance arising from this contraction will evidently be the 
same as if, at the entry of the jujie, we had phiced a plate pierced 
with an orifice of which the section should be to that of the pipe 
ns m to ] (m being the coefficient belonging to the contraction;; 
and its expression will then be 
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This is a special case of the general formula (20), where B^ D. 

The value of m can only he approximatively. For a very short 
pipe, as for cylindrical adjutages, it will be *82. But in pipes, 
properly so called, it approaches nearer to 1; and more so in pro- 
portion to the length of the pipe, and even, according to M. Prony, 
as the diameter is greater; so that in large conduits, the effect of 
this contraction is very small. It is still further redticed by con- 
necting pipes of two diameters by a conical length, gradually dimi- 
nishing from one to the other. 

Lastly, as we have remarked f5), the effect of the contraction at 
the head of a pipe is implicitly comprised in the values of the 
coefficients of the fundamental equation; and its effect at the 
entry of a pipe which branches from a larger conduit, will be com- 
prised in the determination of the head of such branch, so that we 
need not in any case make calculation of it. 

OhserimHoit^ on the Pratikai application of the Formuke. 

25, The €o«fficienta of the formula which we have given, especially tboie 
concerning the principsl reiistancf ^tbat due to the frictioa agitnit the inte- 
rior of the pipe-^hftve been detern^iaed by eipertmenti made chiefly on 
pipei of imiil diameter and of no great Leogtb (5) ; tbey have been gene- 
rally well-bored pipea* well joined, and free from incruatttiona. But can 
luch formulae be tafely applied, witbout modification, to conduiU of a differ. 
eat deacripiion — namely^ to tho»e uied in large dlBtributioua of water? Tliia 
ia a queition which we muat now eianiine. 

The pipei of which conduits are formed are almost alwaya more or left 
imperfect, from the cfFect of the mould, or ia casting ; their s<!ction i» uu 
longer exactly circular, and consequently, c^terU pari^m^ It it gmaller th^a 
it ought to be. Their interior surface presents ineqoalitiea which retard th« 
motion. When joined, the axis of the whole it nol always a lin« without 
rehAtement ; the interior is not a perfectly cylindrical surface ; the edges of 
some of the pipes projectj and Ibe current! reacbing tbeae points, are 
arrested, divided, and somcCimei reflected back again : thus arise eddiet in 
the movement, loss of motive force, aiid conseqtjenrly • diminution of the 
discharge. Etch whea the pipes are well castj &o ihit the channel is ?ery 
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refuUr, there will ht aetertbeleii, tt ttch joint, a little antiuUr hollow, or i 
hr**k of cooiinuity, which will produce, to a certain eitent, the effect of 
(xrojectioni^ ind which, repeated at cverj joint in a long conduit, catinot but 
fifc ri*e to a perceptible reduction in the discharge. M^Gueyraard, ingmitur 
deaminef, hat rightly tnaisted on thia cause of reduction, and haa endeavoured 
foccessfulljr to obviate its e^ecti in the eatabliibmene of the fouotaiEis at 
Greoobic. 

Moreotert when the conduits are Binuoui io their vertical planes (a« is 
fenerally the case), if there are no Tcnti at the summils of the highest 
paru, the air which the water carries with iu and which is disenpged iu a 
graater or lest qiiantity, rises into these elevated parts, and beini? there col- 
lected, produces the eifect of contractions, the had effects of which we have 
iJreadj leen. The cleanest waters, in appearance, always c&rry with them 
forejgii l>odiet, and especially extremely fine earthy particles, which arc depo- 
•ited in parts of the pipe; arid id time contracting the acction,, again dimi- 
nish the discharge. 1 do not here speak of calcareous and siliceous matter, 
which, although held in sohitton in the water, become precipitsted on the 
interior of the pipes, lining them with a stony crust, and, gradually increasing 
in thickness, would eod liy stopping them altogethert if not removed in time : 
this eril is peculiar only to ceitain localities. It is the same with regard to 
ferruginous deposits, which arc made in a iuhcrciilar form in the conduits of 
Grenoble, and wfaicb continually increasing in niAmber and size, diminish the 
diicharge to such a degree that, in eight years, it has been reduced more 
fhan one-half. The aerated water, running In pipes, likewise attacks the 
material, and forms a hydrate of iron, which it deposited in long nipples 
fiarmllel to the direction of the current, and in greatest quantity on the lower 
piart; underneath these, the iron is as it were corroded, nearly to ^^th of ao 
ilieli* ('Annales dea Mines,' 1B34, p. 2(13, et. seg.) 

Setting aside these local circuroitances, it often happens that in experi- 
BieDta made on conduits apparently in a sound state, the diicharge has been 
foond to be Jess by a quarter or a third than that indicated by the formulie: 
it is scarcely ever equal to it. I hare quoted many nf these experiments in 
my * History of the Forination of the Fountains at Toulouse.' In consequence 
of these ascertained facts, the hydranlic engineera of Paris, when making 
— * of the formula of discharge, diminiib by one^bird the value of the 
ic coefficients. I have adopted an analogous method, by augmenting 
pj one-half the quantity of water which should determine the size of the 
conduit. It 16, in my opinion, with such latitude that an engineer charged 
*ith the esliiblifihment of a plan for a large distrihution of water, ought to 
tmploy the formulfe which we have set forth r he will then avoid the dis- 
inttoents which would often occur if he uniformly adhered to results 
o by conduits made with a ptecisioti which can seldom belong to hii 
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ON THE ART OF XAVIGATION, 

An Ejrpoaition of (he Art of Navigation^ m nppUmble to Inhmd 
^Truti^it^ and of the Works bji means of whirh our Cmnmmiimtion with 
\e Ovean i> improved atid maiuiained. By David Steven&on, Esq., 
^R,S.E,— (Paper read bef*>re the RoyarScottisb Society of Arts.) 
Mr. Stevenson believed he was perfectly safe in affirming, that 
berthing had occupied a more prominent part in the work of uivil- 
' tinif the world than the art of navig:atiun, \i hich had slowly but 
eadily progressed since the commencement of the litli century, 
which early period the introduction of the mariner's compass 
-tened up a new era in the hi*»tory of maritime discovery, and ^ave 
I entirely new character to commercial enterprise. In its more 
Etended sense, the subject of navigation had, for the last 40U 
Jrean, formed the grand object on which the labours of Columbus, 
^and of all Buhse*iueiit explorers of the world, had been expended, 
Lwhile the researches of the philosopher, ths astronomer, the geo- 
grapher, the mechanician, and the engineer, had all been inetru- 
neatal in bringing to their present maturity and perfection the 
i#us branches of which the vaat system of navigation, ae it now 
aisted, was made up. 

It is not, however, to the subject in that comprehensive sense 

iat he had the honour, at the request of the Council, to direct the 

tlention of the Society. Such an exposition would embrace too 

ide a field, aud lead to the discussion of topics which would not 

kU within the scope of civil engineering; and he would therefore 

Ofifine his observations to that branch of navigation which he de- 

loed as the department which intervened between the ocean and 

the land — a connecting link, the true importance of which couhl 

be correctly estimated only when viewed in connection with the 

raft importance of the whole sytjtem of which it formed an indi- 

peiwable part* For how, he asked, could we be benefited by those 

atgiity results of science and of art hy which sailing vessels of all 

I were now enabled to transport their cargoes from shore to 

'ihore with comparative ease and safety, and gigantic steamers to 



cross the Atlantic with certainty and despatch, did w€ not extend 
the beacon light to welcome their approach to our coastSj and pro^ 
vide the means of their withdrawing from the ocean billows iuto 
sheltered havens, where their lading might he discharged, and cnr- 
goes of our country's produce shipped for foreign land.^? — for it 
must be remembered that it was only when a manner approached 
his destined port that the many dangers caused hy rocks, !»ht>als, 
sand-bankH, tides, and currents, beset hig course; and hence the 
necessity of employing artificial means to secure that shelter and 
protection which his vessel required. It would at once occur to the 
Society that works of various kinds were employed for this jnir- 
pose: one class of these works consisted in the projection of piers 
and breakwaters at suitable situations on the coast, so as to form 
sheltered havens and harbours of refuge; to another department 
belonged ship canals, hy means of which exposed coasting voyages 
were avoided, and vessels were brought by sheltered and direct 
routes to their destination; while closely connected with this might 
he mentioned the system of inland navigation, as effected by the 
means of canab and the upper compartments of rivers; and last 
of all, there was that varied class of works by which inlets of the 
sea, and tidal compartments of rivers, extending from the coast 
into the country, were opened up and rendered navigable; and he 
observed in patising, that these various works, connected with the 
improvement of navigation, formed by far the most extensive and 
intricate department of hydraulic engineering. 

On the subject of harbours formed hy the projection of piers 
and breakwaters, he did not intend to enter at present, and only 
requested the attention of the Society while he endeavoured to 
convey an outline of what he conceived to he the extent of our 
knowledge with reference to the subjects of inland and tidfJ navi- 
gation, 

Mr. Stevenson said, that the antiquity of navigable canals — 
their wide-spread introduction for the transport of goods, and the 
important place which they had so long occupied in the commercial 
history of every country — rendered their origin and subsequent 
progress worthy of attentive investigation ; but that only a very 
brief notice of that cJass of works could be given. And on that 
subject he remarked, that from the xiritings of Herodotus, Aris- 
totle, Pliny, and other ancient historians, we learned that caniils 
existed in Egypt before the Christian era; and at the same early 
period there was reason to believe that artificial inland navigation 
also exii^ted in China. Almost nothing, however, save their exist- 
ence, had been recorded with reference to these yery early works; 
but soon after the commencement of the Christian era, canals were 
introduced, and gradually extended, throughout Europe, particti- 
Iwrly in ancient Greece, Home, modern Italy, Spain, Russia, Swe^ 
den, Hull and, and France.^ 

In speaking, however, of the earliest of these w*orks, Mr, 
Stevenson said that it was not to be supposed that they resembled 
the present system of inland navigation as practised aud known in 
this country. Early as canal navigation was introduced. It was 
not nntii the invention of canal-locks, by which boats could be 
transferred from one level to another, that the system was rendered 
generally applicable and useful; and a writer in the Qoftrfn-iif 
Meview remarked, '' that to us living in an Bg& of steam-engines 
and dHguerreotvpes, it might appear strange that an invention so 
simple in itseli as the canal-lock, and founded on properties of 
fluids little recondite, should have escaped the acuteness of Egypt, 
Oreece, and Rome."- But not only had the invention escaped the 
notice of the ancients, hut the aeVeral gradations made towards 
the attainment of that simple but valuable improvement, appeared 
to have been so gradual, that, like many discoveries of importance, 
great doubts existed, not only as to the permit^ but even as to the 
nation hy w^hom canal-locks were first introduced. ( Jne elates of 
writers attributed the discovery to the Dutch^ and Messrs. Telfnrd 
and Nimmo, from whose pen the article on Inland Navigation in 
Brewster's ' Edinburgh Encyclopaedia,* was understood to have 
emanated, adopted the conclusion that locks were used in Hulland 
nearly a century before their application in Italy; while, on the 
other hand, the invention had been strongly, and not unreasonably 
claimed by engineers of the modern Italian school, aud in particular 
for Leonardo da Vinci, the celebrated engineer and painter. 
Without, however, entering iuto a discussion on this subject, he 
would simply remark, that during the 14th century the introduction 
of locks, whether of Dutch or Italian origin, gave a new character 
to inland navigation, anrl laid the basis of its rapid and successful 
extension. And here he said that it might be proper to remark 

& FuUqi) on Canftl NftTi|f«Elaii. Landoo, t7MS.— VallaQt-ey't Trv«tiae on InUtut NavI. 
^tfoii. Dublin, iriU^.^Tatham*! PoIUIcilI Econaoiir tif InLtnil Nart^aUtfj]. LuDattvi, 
17^!/.-It}lin<l Naifi((«"OQ, Brewtter'i Edlnburfh Encyclopoedia. 
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that the early canals of China and Ejrvpt, although notpofisessedof 
lockfi, were not on that account wn adapted to differ ence of level. 
It was very doubtful, irjdeed, if the use of locks had even yet been 
intriiduceii into China, though intersected by many canals of great 
extent, the Imperial Canal being nearly 1000 miles in length ; and 
it ftcoordingly appeared that in order to pass boats from one level 
to another, aVude system of stop^gHten and inclined planes had been 
in nse from very early times in that country. Nevertheless the 
introduction of locks might be held as an important step in the 
liistory of inland n.-tvigation, and they might be said in Europe and 
in America to be almusit universally used. It was true that inclined 
planes 'ad been adopted even in this country — in particular on the 
Shrewsbury and Shropshire canals — and Messrs. Leslie and Bate- 
man had lately recommended this system to the directors of the 
Forth and Clyde Canal — but the instances of its application were 
confessedly rare; and, indeed, the only place where he had seen 
inclined planes extensively used, was at the Morris Canal, in the 
United States, constructed by Mr. Douglas, of New York, where 
several planes were in use, having gradients t)f about one in ten, 
by which boats weighing, when loaded, about thirty tons, after 
being tjmunded on a carriage, were raised by water power through 
a space of fifty perpendicular feet with great success. 

But in proceeding to illustrate the progress of inland navigation, 
he might without tracing its gradual introduction from country to 
country, remark at once that we found the French at the end of 
the inh century, in the reign of Louis the XIV,, forming the 
Languedoc Canal between the Bay of Biscay and the Mediterranean 
—a gigantic work which was finished in 168L It was 148 miles in 
length, and the summit level was tiOO feet above the sea, while the 
works on its line embraced upwards of 100 locks and about 50 
aqueducts, the whole forming an undertaking which was a lasting 
monument to the skill and enterprise of its projectors; and with 
this work as a m*jdel, it did seem strange that Britain should not 
till nearly a century after its execution, have been engaged in 
vigorously following this notable example: and this seemed the 
more extraordinary, as the Romans in early times had executed 
works in this country which, whatever might have been their 
original use, whether for the purposes of navigation or drainage, 
were ultimately, and that even at an early period converted into 
navigable canals. Of these works he partii;ular!y specified the Caer 
Dike and Foss Dike cuts in Lincolnshire, which were by general 
consent aduiitted to have been of Roman origin. The former 
extended from Peterborough to the river Witham, near the city of 
Lincoln, a distance of about forty miles: and tlte latter extended 
from Lincoln to the river Trent, near Torksey, a distance of eleven 
miles. The Caer Dike existed now only in name, but the Foss 
Dike was at this moment an efficient and flourishing navigation : 
and having been lately professionally engaged in its improvement, 
Mr» Stevenson stated that he had occasion to inquire somewhat 
minutely into its past history and condition, and that a very few 
particulars regarding that, the oldeM British canal might not be 
uninteresting. 

Among other notices of this early work, Camden, in bis Btitannia^ 
stated that the Foss Dike was a cut originally made by the Romans, 
and that it was deepened by Henry I., who reigned in the eleventh 
century, but to what extent it was' so deepenea did not appear. In 
I7ej2 it was reported on by Smeaton and Grundy, who found the 
navigable depth at that time to be 2 ft. 8 in., and recommended 
several wt^rks for its improvement, which appeared, however, not 
to have been executed* In 178i, Smeaton was again employed, 
and deepened the navigation to ^ ft. 6 in»; but it did not appear 
that its width was increased;-* and from that period it remained in 
a very imperfect state till IHW, when the lessee of the navigation 
employed the firm of which he was a member to design works for 
ussimilating the Foss Dike, both as regarded the breadth and depth 
f»f the navigable channel to the rivers Witham and Trent, with 
which it communicated. When called on to examine the navigation, 
Mr. Stevenson found its depth to be 3 ft, 10 in., and its breadth 
in many places was insufficient for the passtige of boats, for the 
convenience of which occasional passing places had been provided; 
and it was resolved to increase its dimensions and otherwise repair 
the whole work. Accordingly, the canal was widened to the 
minimum breadth of Vi feet, and deepened to the extent of 6 feet 
throughout (alterations which were accomplished withuut stopping 
the traffic); the entrance lock was removed, and a pumping engine 
was erected for supplying water from the river Trent during dry 
seasons; and that ancient canal, which was quoted^by Telford aud 
;^immo, **ii8 the oldest artificial canal in Britain," waa now in a 
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state of perfect efficiency, forming an importaDt connecting liak 
between the Trent and \Vitham navigations. 

Notwithstanding the existence of this early work, however, and 
of some others in the country, particularly the Sankey Brook 
navigation, opened in 1760, Mr. Stevenson said that it was generally 
admitted that the formation of the Bridgewater Canal in Lanca^ 
shire, the act for which was obtained in 1 7^5, was the commencement 
of the system of British canal navigation, and that Francis, Duk* 
of Bridgewater, and Brindley, the engineer, who were it^i projectors, 
were the first to give a practical impulse to a class of works which 
now pervaded every corner of the emoire, and had been of v««t 
importance in promoting itsfi commercial prosperity.* 

That the railway system, firom the introduction of which we hare 
of late years derived such inestimable advantages, had now, in i 
y^rj great measure, superseded, and certainly, for the future, mtift 
prevent the extension of canals as the means of internal oommu- 
ni cat ion, Mr. Stevenson said, was undeniable; and hence at first 
sight it might appear to aome that ho was cousuming the time of 
the Society with the details of a subject which, in the present day, 
might be pronounced to be obsolete. But he reminded the St^cielv, 
that although this remark might perhaps be considered applicable 
to such canal works as were intended for the purpose of enecttag 
purely inland communication from town to town, it did not in any 
degre^ apply to that more extended cla^ of works called ship 
canals, which, like the improvement of tidal navigations, were 
executed for the purpose of enabling sea-borne vessels^ by taking 
an inland course, to avoid the dangers of lengthened coasting 
voyages — an object of the highest importance to navigation^ and 
which, it was obvious, could not be superseded hy tne rauway 
system. He presumed, therefore, that he need offer no apolocy 
for describing very brieflv the characteristics of such canals by 
reference to works actually executed; and foi this purpose he 
referred to the Great North Holland Canal^ the largest of the kind 
in the world. That canal, which extended from Amsterdam to the 
ilelder, a distance of =13 miles, vias finished in 1825. It hada croia 
sectional area, measuring 12^ feet in breadth at the surface^ 3€ 
feet at the bottom, and no less than ^ feat in depth of water; 
and what was most worthy of notice, and was, indeed, a charac^ 
teristic of all the Dutch engineering works, the whole was protected 
from the German Ocean by embankments, faced with wicker work, 
the surface of the water in the canal being below the level of the 
sea. At the time he inspected it the sea was 5 feet higher than 
the surface of the water in the canal, and the vessels were actually 
iorking down from the ocean into the fertile plains of Holland. Its 
construction was intended to enable vessels trading with Amsterdam 
to avoid the islands and sandbanks of the dangerous Zuider Zee, 
the passage through which, in former times, often occupied 
many weeks as the transit through the canal now occupied hoij 
But our own country furnished us with a similar work of gw 
magnitude and boldness; he alluded to the Caledonian Cancdy whi 
formed an inland navigation composed partly of natural lakes and 
partly of artiBcial canal, extending from IiiverneAs to Fort Wil- 
liam, a distance of 60 miles, and afforded a depth of 18 feet of 
water. By means of this inland communication vessels were 
enabled to avoid the dangers of the Fentland Firth, and abo the 
intricate navigation of the Western Islands: and while the DittdL^ 
in their great canal^ had to encounter the difficulties occasioaedjM^| 
the proverbial lomtiats of their country, Telford, in construcul^l 
the Caledonian Canal, had to deal with the ruggedness of a mit- 
cession of Highland glens, and to overcome the summit level of 
Loch Oich, which was about 100 feet above the level of the »ea; 
and accordingly, in addition to many heavy works which occurred 
in its course, there was at one point on the Caledonian Canal a 
succession of eight locks, bv means of which a vessel of the largest 
class of merchantmen could be raised or lowered through a height 
of tiO perpendicular feet. The locks, which were in close succes- 
sion, rose one above another, like a series of gigantic steps, and 
this unique and extensive marine ladder had not inappropriately 
been termed ^^^ Neptune's Staircase." 

But without alluding farther to other important ship*canais, He 
went on to consider the improvement and maintenance of tidal 
navigations, which formed the sea accesses to the chief porta of 
this country ; and without entering on other arguments in order to 
prove the importance of that branch of the subject, he had only to 
remind the Society that the trade of London, Liverpool, Newcastle, 
Glasgow, Dundee, and by far the greater proportion of the second- 
class ports, wm solely dependent on the maintenance of the tidal 

4 Htntorr of InlAiid N«vlfftUon, ptJtkultrr thoae of the Duke of Bridgvwilar. Loa* 
don^ l?Si6^ Hughe's Meai(»tr or Brindley, We«lB*t Qtivtidr !*«{>»*» Loadaa» 1949. 
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iiavtgationR, which, if he might use the expression, formed their ; 
vnly hightta^g of c&mmunicEiwn with the ocean. 

In introducini^' this subject, he would endeavour to explain what 
Bjras implied in the word '^ tidal," as used in particular with reference 
^Bo Britis^h porta, ;ts he apprehended there wog much more importance 
^Bobe attached to the term thun thoi^ewho hnd not studied the subject 
Hirere aware of; and he believed he would best explain this by 
ffimwififi: a eomparis<:iri between Britain and some large tract of Con- 
tinental country, such, for example, as North America. We there 
found capacious rivers extending for hundreds, he mipbt say thou- 
aande, of miles into the interior of the country, and discharging^ 
»D enormous amount of fresh water into sheltered and deeply in- 
dented bay*; — these indentations in the line of coast bearing^ in 
fact, some proportion to the sizeu of the rivers which flowed into 
them; and such a physical formation afforded facilities of no ordi- 
nary kind, not only for the e^tabliMbmeut of safe harbours on the 
tea coast, without the expenditure of capital in their protection, 
Vut also for the extension of inland navi£^ationto an almost unlimited 
degree^ by means of the rivers themsefves. 

To give a practical idea of this, he stated that when he visited 

Imeriea, twelve years ago, he came to the conclusion, after 

nining the principal harbours on the sea coast which afforded 

DOSt perfect slielter and a great amount of accommodation, that 

"he formation of the smallest of our Post-Office packet stations in 

he Irish Channel had consumed a much larger expenditure of 

Icapltal than the Americans have found it necessar}.' to invest in the 

P^rmation of harbour accommodation for trading vessels along a line 

of coast of no lesa than 4000 miles, extending from the Gulf of St* 

Lawrence to the Mississippi. With reference to the rivers which 

discharged into these bays, it was imposstlilc in words to convey 

an adequate idea, or to describe the feelings which the traveller 

experienced, when, for instance^ after crossing the Alleghany 

Mountains, and completing a fatiguing land journey from the 

eaalern coast of several hundred miles into the interior of the 

eoaotry, be first came in sight of the river Ohio at Pittsburg. 

^J^re, in the very heart of tne continent of North America, he 

^^^^A a large shipping port, containing a fleet cf between thirty or 

Hpi^ steamers, varying from 300 to 700 or «00 tons burtlien, 

Vstioored in the river ; and his astonishment was still more increased 

■t If he chanced to witness the arrival of one of those steamers, and 

was told she had come direct from New Orleans in the Gulf of 

Mexico, and that Jifteen days and nights had been occupied in 

making her inland m^age of no lens than 2000 miles among the 

meaJide rings of the Mississippi and Ohio 1 * 

But AJr. Stevenson stated that with us the case was altogether 
different — the ii*olated and comparatively contracted limits of our 
country did not afford area for the collection of such bodies of fresh 
water. In proof of this, he referred to the comparative areas of 
tbe b&sins and the discharges of the different rivers, viz. : — 

DE«rT)»rft» 

273.117 

94,000 

. 24,0OW»iiOO 

Out streams could therefore, he said, be advantageously navigated 

^Mpoly when their waters were deepened by the influx of the tide, 

■ »nd tliey were consequently closed to all vessels, excepting to 

^■ihoae of the smaller classes, during the abi»enee of tidal influence ; 

^Eiuid therefore our rivers, when compared to those of our Trans- 

^■•tiantic or even Continental brethren, could only be regarded as 

narrow creeks or inlets, kept open by the joint action of the fresh- 

wmter stieam and the tide; and as the action of the fresh water 

▼aned in its extent, and wa» at best but feeble, that our greatest 

alroQghold in keeping open and deepening our navigations, must 

be ftought for in the action of the tide, which rot only scoured and 

mmmtained in a navigable state the sea channels of our rivers and 

^krtuariea, but also by its presence increased their depth of water. 

Hit waa likewise, he said, to be noticed, that the fall or inclination 

^Ptif these large continental rivers has been found to be exceedingly 

H aiiiaU;^ — for example, the inclination of the Mississippi had been 

estimated to average, from its source,* .„ per mile 3 in. 

The Amazon ... .„ ,.. ... S 

kThe Ganges ... .., ... ... 4 

While the Thames was ,.. ,„ ,., 21 

The lower part of the Dee .*. ... 11 

The Lune ,,. ... ... ... ... 23 

The Forth ... ... .., is 
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The currents of the larger continental rivers were, therefore, 
more languid and more ea,sily navigated, whereas the currents of 
our rivers were more powerful and less easily overcome. But 
here, again, an important advantage was derived from the tidiil 
influence, which produced an upward current, by which vessels 
were enabled, without the aid of steam or wind, to reach their 
port; and he thought that was a view of the subject which could 
not fail to have struck the most superficial nbt<erver, when he saw 
on any of our navigable rivers or estuaries (such as the Thames 
or Mersey) a vast fleet of all sizes and from all countries, hurried 
on by the silent but powerful energy of the flowing tide. What 
an amount of latent power lay there! And how invaluable was 
that agency to the commerce of this country! If, indeed, the 
natural power latent in the tides of the Thamej* and Mersey were 
BUflpended, it might truly be said of the steam power employed on 
the net work of railways connected with London and Liverpool, 
that its occupation would be gone. Whatever, therefore, had for 
its object the improvement or maintenance of tidal navigations 
was, be submitted, of vast importanco to the commerce, and en- 
titled to the attention of our country.' 

Mr. Stevenson then proceeded to explain that the chief obBtnic- 
tions to the propagation of the tides were the circuitous routes of 
rivers — the slopes of their beds — the projection of obsUcles into 
their streams; and that the works by which these obstruction* 
could be best overcome consisted in the deepening, straightening, 
and widening of the channels^— the formation of new cuts—the 
erection of low rubble walla for the guidance of the currents of the 
first of flood and the last of ebb tide — the shutting up of sub- 
sidiary channels — and the removal of projecting groins. That the 
more rigidly that class of works was adhered to, the more gene- 
rally benelicial would be the efl^ect produced; for not only did they 
improve the part of the navigation where they were executed, but 
that their tendency was to increase the back water by which the 
fiea channek were kept open, He then proceeded to illustrate 
these views by referring to the Tay, Forth, Ribble, Lone, and 
other rivers, where the duration of the tidal intluence hud been 
prolonged from 30 minutes to an hour, and the range of tide in- 
creased from 2 to 5 feet, while the navigation in all cases had been 
proportionally improved. Time did not admit t>f Mr. Stevenson's 
alluding to many other examples of importance, but the Clyde 
mig;ht be cited as a proof of the length to which such improve- 
ments had been carried. In 1755, Smeaton proposed to improve 
that river by erecting a dam across it with locks in the lower part 
of the river. In 1775, l*olburn surveyed the river, and reported 
that, as far down as Kilpatrick, there were only ^ feet of water in 
it, but conceived that the river itself might be miproved. In 1H31 
vessels drawing 13 ft, 6 in. came up to Glasgow, and now large 
vessels, three or four deep, are to be seen ranged along each side 
of the harbour. During 1834, 27,000 vessels passed Renfrew ferry, 
at some periods from 20 to 30 of them in an hour.'^ He next 
stated that, as an engineer could not form a design tor such im- 
provements without accurate data, it was of the highest import- 
ance to obtain correct information as to the tides, currents, and 
discharge of rivers, as well as the nature of their beds, and other 
I particulars, and proceeded to explain how these data were ob- 
L tained, and showed the different instruments for ascertaining the 
I velocities of surface and under currents, and for procuring speci- 
I mens of water from different depths; but for details on all these 

points referred to his treatise on marine surveying." 
I He further referred to the pluus of the Tay, the Ribble, Mer- 
I sey. Dee, Lune, ikc.^ to show that in each of these rivers there 
existed a large basin, or estuary, into which the tide iowed, and 
from which it was discharged twice io twenty- four hours, and stated 
that it was the flux and reflux of the lar^e volume of tidal water 
from these natural basins which scoured the seaward channels, 
kept down the tracts of sand-banks by which their entrances were 
encumbered, and maintained a navigable depth of water over their 
bars. The insstances to which he referred were all what were 
termed bar-rivers, or harbours, in contradistinction to such rivers 
as the Forth or Clyde, which had not similar obstructions. The 
fact of the existence of a strong tidal under-current was adduced 
to prove the effect of the flood-tide aa a scouring agent, and it was 
stated, that while the fresh water, beiirg specifically lighter, floated 
on the surface, the tidal current flowed in a stronger current be- 
low* He instanced, in proof of this, various examples, particularly 
the observations of Professor Traill and Captain Sabine on the Ori- 
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noco and Amazon ^^ (the fresh water from these rivers being 
traced at a distance of 200 and 300 miles from the land\ and also 
observations by Mr. A. Stevenson on the Cromarty Firth, where 
the velocity of the under current, at the depth of 50 feet, was 
ascertained to be at least double the velocity at the surface. The 
depths of water on the bars of the Mersey and Dee, Mr. Stevenson 
stated, were only about 1 1 feet at low water of spring tides — on 
the Kibble about 7 — the Lune about 6 — and the Tay about 16 ; 
and in navigating such estuaries, vessels must wait for the proper 
time of tide, either to leave or enter them. It would readily oc- 
cur, therefore, that the maintenance of the depth of water over the 
bar was of vital importance to all ports situated within tidal estua- 
ries. From a careful investigation of such localities, he thought 
it might fairly be stated, that, so long as the capacity of the re- 
ceiving basins remained entire, no fear need be apprehended of a 
decrease of water on the bar; and this view he was the more in- 
clined to believe to be correct, from the circumstance that, in seve- 
ral cases where he had occasion to compare the present state of some 
navigations with their condition as represented in the early charts 
of Mackenzie, the celebrated marine-surveyor, made upwards of 
half-a-century ago, he had found, that although the forms of the 
sand -banks and the direction of the navigable channel might have 
slightly changed, still there was no appreciable alteration in the 
depth of water on the bars ; while, on the other hand, it had been 
pretty well established, particularly in the cases of Rye in Sussex, 
South wold in Suffolk, and of Chester on the river Dee, and other 
places, that much injury had been caused by the embanking of 
land.^i 

The interests of proprietors of land along our rivers and estua- 
ries, were often at variance with those of the conservators of navi- 
gation; and the endeavours made in many instances to protect and 
reclaim land were calculated, from being injudiciously and too ex- 
tensively carried out, to be highly prejudicial, and hence arose the 
obvious necessity for some board ot appeal between the interests of 
proprietors and those of the public — ^a power which was vested in 
the Lords Commissioners of the Admiralty, to whom, as conserva- 
tors of navigation, we were indebted for the preservation of many 
of our harbours and tidal rivers. So important indeed was this 
subject considered, that, on the motion of Mr. Hume, the govern- 
ment, in 1844, appointed a Tidal Harbour Commission, to inquire 
into the state and condition of the harbours, shores, and navigable 
rivers of the United Kingdom, and to report what injury might 
have been done by encroachments or other interference with tidal 
waters; and, without detaining the Society longer, he thought he 
would best illustrate what is generally acknowledged to be the cor- 
rect theory on this subject, by quoting the conclusion stated in the 
first report of that commission, which is as follows: — That ^'as a 
general, although not a universal principle, no cause has operated 
more extensively to injure the entrances of harbours throughout 
the United Kingdom than excluding the tidal waters from lands 
billow the level of high water, which served as natural reservoirs 
for the flood tide, and were the means of affording a valuable 
scouring power during the ebb. Nor does any subject more deserve 
the vigilant attention of your Majesty's Government, or of those 
entrusted with the conservancy of our harbours, than such en- 
croachments, which are usually made quietly and gradually, and 
when once completed, are difficult afterwards to remove." 

I o Kl Maranaro y Amazonai. Madrid, 1684.— Sabine's Account of Experiments to 
detarmine the figure of the Karth. Lcndon, Id'iS, p. 445. 

I I Heportt of Tidal HartMur Commission.— Beanie's Reports on Hydraulics to the 
British Association. , 



R&aXSTSR OF filSrW PATBXVTS. 

A SALINOMETER. 

ANDREW Peddie How, of the United States, but now residing 
in Basinghall-street, city of London, engineer, for "a» instrument 
or instruments for ascertaining the saltness of water in boilers," — 
Granted July 18, 1849; Enrolled January 18, 1850. [Reported in 
Newton s London Journal,'] 

The subject of this invention is an instrument called by the 
patentee a salinometer, by means of which the engineer is enabled 
to ascertain, at all times and under all circumstances, the density 
and consequently the saltness of the water in the boilers of marine 
steam-engines, independently of the pressure within the boiler. 

Fig. 1, is a vertical section of the salinometer; and iig. 2, is 
another vertical section, taken at right angles to fig. 1. a, is a 



small cylinder, having at its lower end a projecting-piece, which 
is bolted to the side 6, of the boiler; throng this projecting-piece 
two passages c, d, are formed, leading into the pipes c^, d\ whidi 
terminate respectively at the upper and lower parte of the boiler; 
and the passages c, d, are provided with cocks 6% D'. i^ is an over- 
flow or waste-pipe, for carrying off aU excess of water from the 
cylinder a;—/, is a cock for discharging all the water from the 
cylinder a, when desired; ^, is an hydrometer, the graduated stem 
of which works through a hole in a fixed guide k; and i, is a ther- 
mometer. 





Fig. a. Fif. 1. 

The action of the instrument is as foUows: — Either the cock e*, 
or the cock (^, is left open (according as it may be desired to test 
the density of the water at the upper or lower part of the boiler), 
and the water passes from the boiler through the passage C!, or d, 
into the cylinder a, and is discharged therefrom through the over- 
flow or waste-pipe /; so that there is a constant flow of water 
through the salinometer of the same density as the water in that 
part of the boiler from which the supply is derived; and this den- 
sity is ascertained bv examining the graduations on the stem of 
the hydrometer. If the water, which is passing throng^ the 
instrument, is derived from the upper part or the boiler, and it is 
desired to test the density of the water in the lower part thereof, 
the cock c*, is to be closed and the cock D^, opened; then the water 
from the lower part of the boiler will quickly drive out of the 
cvlinder a (through the overflow or discharge-pipe), all the water 
that had previously entered from the upper part of the boiler; and 
the water which flows through the cylinder a, will then be of the 
same density as the water in the lower part of the boiler. 

A thermometer is combined with the instrument, because the 
density or saltness of the water varies with the degree of tempera- 
ture, and it is necessary to correct the indications of the hydro- 
meter by those of the thermometer, as often as the temperature 
rises or falls beyond the standard point to which the hydrometer 
may have been graduated. Thus, supposing the hydrometer to 
have been graduated on the assumption of 3ie water being at a 

uniform temperature of 200^ Fahr., and that ^ represents the 

density of the water at that temperature, the patentee finds that 
for every increase of 10° in the temperature of the water, one- 
eighth of a degree, or thereabouts, must be deducted from the 
amount of density indicated by the hydrometer; and for every 
decrease of 10°, one-eighth of a degree, or thereabouts, must be 
added. For example, if the temperature is increased to 210°, a 

deduction of one-eighth must be made on that account, from the^' 

which will bring the density to ^; or if the temperature is lowered 

to 180% an addition of two-eighths must be made, which will make 

the corrected density ^. 
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The patentee does not etiietly confine him^Lf to the above 

"is, fio long^ as the peculiar character of his ifivention be re- 

»d. He makes no claim to the application nf either the hydru- 

.. pr «r the thermometer to ascertaining the ilensity or saitne&j 

the water of marine steam-engine boilers; but thiit wliich he 

ums is, the peculiar arrani^ement, comhioation^ and adaptation 

means (eaeli by itself well known) embotlied in the single 

aient above described, whereby tiie marine steam engineer is 

id, by the mere iuspectiun of the said instrument, to ascer- 

^lit all times and under all circum^tancesL, the den&ity of the 

in the boiler, independently of the pressure within the 



PLANING AND GROOVING MACHINERY. 

iWuxjAM EnwARO Nkwtox, of Chancery- lane, ^^for irnprom- 
iu machinery for pkitihig, toftgnitt^^ and ffraovittg boarth and 
^/—Granted October 5, 18^10 j Enrolie^l April 3,ina0. [Re- 
in the Patent Journals] 
Tile planing, tonguing^ and grooving of plankis or iKiards, as 
ned aocordi ng to this invention, is enected by means of a 
«erie& of tools, acting iu a somewhat similar manner to 
tl» ordinary hand tools used by carpenters^ their construction 
bttA^ Also di^ a like character. TlicHe took are fixed in a frame- 
wnri^ while the board or pfank to be operated upon is moved up 
by machinery' to the work. The machine, a.s arranged according 
to thij» invention^ contiists of an endless belt or chain of plates:, 
whick form a table for the support and advance of the wood; this 
dtfia is fiurmed of a series of uan'ow pJates^ linked together, the 
length of which form the breadth of tne i^ain^, imd its sufficient to 
jferd reiom for the greatest width of plckiik to be operated upon ; 
thiiT are linked together in the manner fif an endlesii chain, and 
wtA over two drumH, one ^^itimte at the feeding-end of the ma- 
cMne, and the other at or ahont the middle of its length. The 
raipective parts are supported by two principal side-frames, which 
carry the bearings of the before-mentioned drum<^. The axis of 
the central drum is driven by a train of spur gearing from the 
diiviii|| ahaft, which is communicated to the chain by means of 

epMtin the periphery of the drum^ into which the knuckle 
feoif the chain are received. These drums are placed, with 
psxeSvts a horizontal position; the chain, while traversing the 
tr portion of its course^ forming the table for the support of 
wood; the plates of the table during this time rest at each 
end on the idde frame, and are thereby kept in Uie same hori- 
soatal plane. A like endle^i* chain i« also provided^ which is placed 
ImoMMystely above the other, and at the under line restg on the 
under operation. This chain is, however, considerably 
ter than the other, the end-carrying drum of which h imme- 
ly over the lower end drum, aiul the other is di^oeed at about 
fiiWii third the length of the frame from that end. The wochI to be 
pJnif^ will thus be pressed between the two cliains, the under 
chttii however continues the support of the wood beyond the bold 
of Uif! upp^ chain^ and at which point the planing tools take 
effect. These tools are fixeti to two cheek plates or frames^ fitted 
Ob llie two main wood frames, and form also the immediate support 
<||h e chain, as before mentiuned. The drum of tho upper chain 
in a separate frame, which is free to rise and fall^ for the 
) of admitting tlie different thick neases of wood to be planed 
! moveable frame is connected by two linka^ one on either side 
[lO machine, placed iii im inclined pi>»ltion. which, according to 
rir incline, give a greater or less bite on the wood. 
The upper chain being also driven, the tendency is to run off tlie 
mI, which is prevented by these links. The wood is fed in at the 
i of the machine, between these two endless chains, and as it 
rge» below the upper chaia, at the opposite end^ it passes 
bekiw the planing cutters^ which are a set of eight (more or 
Um) double and single plane troni^ similcir to the ordinary plane 
IHB^ but of the full width of the machine. These planing 
flutters are set one behind the other, in such manner that each 
aaeeeeding iron will cut a little deeper than the preceding one, and 
Bii at such angletj that the rough outride may at one and the same 
time be operated upon with the smooth or inlying cut> On pais- 
ia^ from under the planing tools, the wood is received on a station- 
Uf bed, on which it is held down by transverse rollers. The 
OMrvtioQ of tonguingand grooving then takes effect at the oppo- 
nte end of the machine, for which purpose the wood, after b«ing 
niiiind, is introduced between two sets of ploughing or tongaing 
■yTT, offke set so as to take effect on either edge of the board The 
biMrd i^ at the same time held down, or pressed by edge rollers; 



one set, together with one set of the cutting tools, are adjuatabla] 
to suit the width of the hoard under operation. The roUera i 
fitted two on each transverse spindle, one roUer at either end; tho] 
one being iixed^ and the otlier moveable* while the cutters ar^] 
held in a frame^ sliding transversely, and moved by set screws, foi 
that purpose. The cutting tools are i^milar to those ordinarily* 
lised for the purpose by carpenters, and placed at angles to the 
wood best suited for the purpose. Inclined or bevelled edges may 
also be prepared in like manner. Instead of the upper end" 
chain, to feed the machine, a 8et of weighted rollers may be i 
ployed, supjiorted in a swinging frame, connected, as before ex- 
plained, by the side links, in order to obtain the rise and fall^ and 
to admit the different thicknesses of wood, together with the ne- 
cessary bite on the wood, for the purpose of feeding it. 

The patenti*e <:laims : First — The general arrangement of tbe 
machinery de*;cribed. 

Secondly— The emploj-nient of stationary cutting toids, eombined 
with yielding-bar mouth-pieces, set forth. 

Thirdly — Causing the top chain plate, or rollers ^aubstituted in 
lieu thereof, to press tin the phmk under operation, with a force 
var)ing with the resistance opposed by the cutting instr omenta, by 
altering the inclination ^tf the connecting side-links described, for 
the purpose of forcing the plank under operation up to the cuttinff 
tools; and 

Lastly — The use of adjustable edge rollers, to suit the different 
widths of wood, in combination with the tonguing and grooving, or 
other titationj^ury cutters, as described. 



IMPROVEMENTS IN VENEERING 

Mr» John Meadows, of Prince»-etr«»et^ Coventry-street, has 
obtained a patent Jbr imfMravemtnUt m tieneerifttf, which consist in 
effecting the union of the ordinary veneer in such manner, that it 
may be applied to irregular surfaces in one piece, instead of joining 
it at the angles and forming it in several piecesi, as ufcual, whactt 
not only gives a great deal of trouble, but requires? to be done to a 
nicety, and when complete^ is unsightly, so far as regards th« 
joints being alwayn perceptible; and further, is very liable to get 
chipped or become detached from the article to which it is applied. 
In illustration of this mode of applying veneers, a number of ogod 
mouldings joined with several curv ed and flat smrfaces, meeting at 
sharp or right angles, are shown in the drawings. A description of 
tme of these will suffice for the whole. The frame or other piece 
of work to be veneered is prepared of the form required, which, 
supposing it to be first of an ogee form, the veneer is laid on & 
bed of that form, placed in h machine somewhat like an ordinary 
screw pres^. This bed is hollow, for the purpose of heating it by- 
steam <*r other medium; pressure is then exerted by the screw on 
the frame., which is thereby prefcied down on the veneer, and into 
the form ret|uired, between tne heated bed and the frame or piece 
of wood to be veneered: so far, the process is very similar to that 
ordinarily adopted. The next surface presented, or that adjoiniiig 
theogee^ is a hollow cur\*e, meeting in a right angle the edge of the 
ogee; the veneer is of sufficient width to cover this, as well as any 
other portion of the fnotie service required. On the edge of the 
ogee bed a hollow bolster is hinged, having a hand lever, by whicii 
it is raised, so that the side presented to the veneer, wliich is of the 
curved form refjuired, forces the veneer int<.i the hollow, io tts to 
effect complete contact with the whole of that s^arface; a sititabla 
curved ratcbet is provided, which sustains the bolster in its 
elevated position^ the lever being such as to give sufficient preii* 
sure for the purpose; the veneer is thus bent over the angle Mul 
pressed into the curve. The next is a flat service, united by & 
right angle to the hollow. Another pad or bolster is hinged by & 
lever to the bed of the press, which is now raised and sustained by 
a click taking into a curved rack; the veneer is thereby bent over 
the succeeding angle, and on to the flat service, when the pad, to 
give the final pinch, is forced up by a screw; the pressure on the 
whole of the parts is allowed to remain until the adhesive material 
is suJKciently set for the purpose. The bolster and pad before 
mentioned have tlie levers and screws repeated at intervals, accord- 
ing to tlie length oi the frame or surface to be acted upon. It will 
be obvious that other arrangements and ffirm» of the parts will bo 
required, according to the particular form to be veneered. Instead 
of employing ordinary ghie for the purjmses of veneering, according 
to this invention, the patentee employs parchment cuttings boiled 
down and mixed with whiting, to the consistency of paste, which is 
applied nntibrmly on the back surface of the veneer, the bed being* 
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at the same time wetted with a brush. The object of employing a 
white cement is, that the veneer, if thin, is not sufficiently opaque 
to hide the glue. An extremely thin sheet of brass is interposed 
between the veneer and the beds, and also a thickness of paper 
between that and the veneer; the angles are thereby better pro^ 
tected, and rendered sharper. Variations are produced in the 
forms of the bednt, to suit other subjects to be veneered, by the 
application of paddings or fiUin^tf pieces, to make up any or all of 
the parts to the fig-ure required, by which one set of beds may 
suit a variety of designs of a nearly equal size. — Patent Journal, 



Railmaif Ecanomn. a Trmtm mi tite New Art of Transport, By 
Dio>'Ysius Lahdnkr, D*C.L, London: Taylor, Walton, and 
Maberly, 1850, 

l>r. Lardner is commonly ko happy in popularising any subject 
which he takes up, that he is the last man one would think of 
blaming for writing a book; but here we have book-making with 
a vengeance. To those who know nothings practically about 
railways, the b(>ok will ]»ass muster; and of those who do, many 
will be ileterred from objecting to it, because they are imposeJl 
upon by its appearance of mathematical and statistic4il labour, 
Tiie mathematics put us very much in mind of the acquirements 
of the redoubted Itudibras : 

■* For htt could t«tt lb* tlm» o' the dmy, 
Hi^ dcicL' dtd itrikf, bjr algebra {** 

to such a degree is the foppery of symbols carried; and there is a 
formula for everything. 1 bus at page 65 : 

'* To determine the average number of miles run by each engine 
after such cleaning and lighting, it is oidy necessary to divide the 
total mileage of the loi-oniotive stock, or uf each class of it, by 
the total nnmber of engines lighted ; the quotient will give tlie 
distance run by each engine lighted. In general, if J^" express the 

number of engines lighted, then will express the average 

distance run by each engine lighted. 

*^As examples of the a]»plicatiou of thiju, we take, from the official 
reports of the Belgian railways, the number of engines lighted 
during 1B46 and 1H47, The niimher was 21^152 for 1846. Divid- 
ing this into the total mileage, 2,<i27,0l4, already given, the quo- 
tient is 73'H, which is therefore tlje average number of miles run 
by each engine cleaned and lighted. 

"In 1847 the inimber of engines lighted was 30,676. We have 
already seen that the total mileage was 2,366,885, Dividing thLn 
by the number of engines lighted, we find 77*6 miles as the dia- 
taJice run by each engine lighted, being an improvement on the 
performance of the previous year," 

The practical benefit of this in book-makin|f is, first, the ignorant 
reader is led to imagine he gets something very good for his money ; 
and, next, by making an algebraic formula — ^first, for the common 
operation of division, and by working it out arithmetically after- 
wards, so much m**re text is made in an easy manner. The statis^ 
tics are of the same cjuality, and of the same value. 

Although Dr, Lardner was employed sume years ago in mathe- 
matical investigations connected with railways, he shows himself 
ver\' ill-qualified for writing upoji railway management. He 
seems to have stopped so long abroad as to have become Frenchified 
and nn-En^lisbed; and as he is without the practical experience, 
so he wants the di>cumentary evidence as to railway management. 
His materials are the English blue-books — worth nothing; the two 
pamphlets of Captain Huish, the Belgian blue-books and some 
French reports; and man? French books: and he complains nf the 
want of English statistics, whereas there is a whole body of 
English railway literature, and, above all, an extensive railway 
press. All the points Dr, Lardner upens, as he thinks, have been 
already discussed and settled, «o far as they admit of settlement, 
by many able and practical men; and the railwa)' papers afford 
invaluable data for the inquiries he has undertaken. The reports 
of the Committees of Investigation, in particular, afford most 
valuable information, of which our authur has taken no advantage. 
Our own Jonrnai has given infonnation on these subjects to India 
and the United States; but it does not seem to have been of use 
to Dr. Lardner, Even the title of Railway Economy has been 
more ftuccessfully used by a Professor (Sordon, 

Inasmuch as the statistical results of English railway manage- 
meat are more favourable than those of French or Belgian, who 
are our pupik, it might have suggested itself to Br, Lardner that 



our railway administrators are not so much in the dark as he 

intimates, 

W^hile the main body of the work is so unattractive, there 
is a very interesting chapter on American steam navigation, whichj 
although much of it is trite, nevertheless contains Bome good 
matter* but altogether we wi^^h the author had, for liis own sake, 
been otherwisie employed. 

The title of the book is the best part of it, and that is ^Railway 
Economy, ' which is very much sought after now: but no railway 
manager C4in learn anything from tlie book; nor Ak^ we think any 
shareholder can. Wherever a principle is sought to be established, 
that principle is limited in its application; and where a discovery 
is set forth, it is of something already known, and is working or tried, 
and found inapplicable. The writer has, indeed, missed the whole 
gist of the subject, or he might, with his popularity as a writer, 
nave taken a very prominent and very useful part in the discussion 
of niilway economy. 

The history of railways has been one of progress; and to see it 
in its true point, and in its future bearing, jt must be looked upon 
as of the same character,. M\ is still new, and all will be inno- 
vation. The locomotive begun as a rude engine, Trevithick 
set it going with one cylinder r Stephenson strengthened it with 
two. It was still only a beast of burden, when Mr. Booth en- 
dowed it with the speed nf a race-horse. The contests between 
the companies have calletl for an increase of speed; and this has 
been attained chiefly by an increase of bulk in the engine, and 
therefore of weight. It must not, however, be assumed that the 
increase of speed has been attained wholly by increase of weight; 
for it has been chiefly attained by improved mechanical arrange- 
ments, so that an engine <if tlie old prize weight would still have 
increased speed and power of traction. 

With a speed bevond all expectation and all c^ilculation, the 
whole economy of railways has been altered ; and a system has been 
jrradually developed, which, by its development^ has jiointed out 
the successful means for siMper>;eding it. How we stand now \s 
this: we have heavy engines, heavy rails, and, in continuatioiL 
heavy trains, unfre'quent trains^ great and distant stations, mA 
great establishments, 

Originallv, it was considered railway traffic would, in its con- 
ditions, be like coacli traflftc — that there wimbi be a Buccession of 
ciiaches, as it were^ and station accommodalicin, was not contem^ 
plated, A train arrive:^, and a large establishment is reipii^te to 
attend to it, which establishment is eaupty-handed until the next 
train. A passenger comes to a bye cimntry station, and, as he 
may have to wait some time, station accommodation must be pro- 
vided for him. 

Dr. Lardner's great doctrine is, to get rid of the ''•empties,' 
and he might have extended it to empty hands; but although 
railway managers are quite alive to this, they cannot, under tne 
existing system, carry it out; but rather, under the pressure of the 
times, they are aggravating the present state of affairs by lessening 
the number of trains — an economy which is attended by an injury 
to the traffic. The station expenses are now the most untractable 
items in the budget, and have been a heavy burden^ particularly 
on new branches with a thin traffic. 

In virtue of the progress of improvement, light engines and 
isfht trains, with a good speed, are now feasible, and we believe 
nothing stands in their way but tlie prejudices of the old locomotive 
manufacturers. W'e have now long advocated the adoption of 
the light system; and we are glad to see that its value is now 
more generally acknowledged, though we do not believe its full 
operation is adequately appreciated. In truth, the obstinate advo- 
cacy of fewer trains, in the teeth of all past experience as to 
traffic, is a proof of the carelessness even of those who are sup- 
porters of the new system. Notwithstanding, this system has now 
the assent of the whole body of the press devoted to railway 
polemics, of many engineers, and of many administrators; and, as 
it is already in practice, so must it go on to succes;?. 

While heavy engines were essential, large trains were likewise 
essential; and as these entailed a heavy permanent way, greater 
expense in the locomotive department, enormous stations, and 
large establishments, besides crippling and neutralising the 
expansion of the traffic by reducing the number of stations and 
departures, so do light engines allow of light trains, cheap perma- 
nent way, economy in the locomotive and carrying departments, 
a better distribution of plant and staff, cheaper ntations, and more 
of them. By more frequent trains the plant will be closer worked— 
there will be fewer empties, and the establishment of the electric 
telegraph allows of a development of traffic which, ten ye^rs a^^o^ 
wai3 impossible. 
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From dtatioiis being now so far from each other, much local 
traffic is lost, for many a man finds it better to ride or drive, 
than go some miles to a station, and afterwards have a further 
joomey to make from the arrival station to the place of his des- 
tination. We may confidently assert that, throughout, much rail- 
wzj traffic is at present lost, and that railway traffic is still in its 
infancy. Although there are traffic managers and goods managers, 
there is not one line which has a statistical department; whereas 
a competent statician should be engaged by each company to see 
what traffic there is in the district, how it is carried, what 
goes on the railway, what does not, and why not. The occasional 
exertion of a chairman or superintendent of traffic can never 
keep up with all the minUtiie ot the many items constituting the 
earr3ring trade; for it is quite as much as such officials can do to 
attend to the dail^ working of the traffic under their control, 
vhich is their legitimate business. 

Nothing but the light-engine system will diminish the margin 
of waste now constituting the expenditure of railways under the 
head of way and works, locomotive power, carrying, and stations ; 
and the sooner the able men engaged in railway administration 
direct their attention to this, the sooner shall we have a diminished 
expenditure and increased traffic, and be able to do without those 
iaqpolitic and pernicious expedients of raising fares and limiting 
the accommodation of traveUers. Railway directors, who have 
fenerally risen from the ranks, nevertheless forget the circum- 
itancee of those classes who are not blessed with a superfluity of 
wealth. Every tradesman knows better than a railway director, 
and proceeds upon the principle of getting as much as he can from 
his customers by suiting his charges to their means in articles of 
daily necessity. The business of a railway director is to make as 
laiM a profit as he can, to carry on as large a trade as he can, and 
if Ee has not got trade to make it: but it is seldom he finds 
this out. The Metropolitan and Dublin Railways without suburban 
residences, Southampton without packets, Fleetwood without a 
harbour, the Midland Railway without coal and lime-pits, would 
fiyre but badly ; and vet, in the teeth of this, how is railway de- 
velopment neglected! The Brighton steamboats have been 
burked, Sunderland Docks starved, the southern coal traffic kept 
back, the fish trade left to shift for itself, no attention paid to the 
carriage of building-stone and lime, and manure generally ne- 
|dected. Horse traffic flourishes, the canals are in fiJl vigour, and 
u railways have a large traffic, it is thanks to themselves, and not 
to their managers, who leave the trade to look after itself. 

A Practical Treatise on the Construction of Oblique Bridges^ with 
Soiral and Equilibrated Courses. By Fbancis Bashfobth, M.A., 
Fellow of St. John's College, C'ambridge. London : Bell. 1850. 
Although works on oblique bridges are numerous, still one from 
the pen of Mr. Bashforth is welcome, as that gentleman is well 
known for his high mathematical attainments. The nature of the 
work, and the principles on which it is founded, are sufficiently 
described bv the author. He says the methods in his first part are 
substantially the same as those of Messrs. Nicholson and Buck, 
but he has introduced numerous variations in the details. He 
prefers spiral courses for oblique bridges, because although grave 
ejections may be urged, yet the accuracy of form which can be 
given to the archstones renders it advisable, under proper limita- 
ti<ms, to adopt them in preference to a better arrangement of the 
coorses, which does not .idmit of like exactness in the execution of 
the work. 

In Part II. Mr. Bashforth has endeavoured to give information 
on equilibrated courses in oblique arches, suited to the practical 
man; but we doubt if it be possible or desirable to initiate those 
concerned in carrying out the details in the elaborate analysis 
exhibited by the author. Mr. Adie, it will be remembered, was 
the first to construct oblique bridges of this kind, and Dr. Whewell 
and Mr. Sang have likewise written upon it. 

The work is accompanied by numerous diagrams. 



Railways in Ireland.^A retarn is just printed of all the mooeys 
lent to railway companies io Ireland by the Exchequer Bill Loan 
Conmissioners* and the amounts repaid. It appears that, from 1832 
to 1842, the amount ailvanced to Irish railways was 157.200/., and that 
tbs interest on such adTsnce has been duly paid. Of the principal, 
99,605/. has been repaid, and the remainder is in regular course of 
payment. From 1842 to 1849, there has been adTanced to Irish rail- 
ways, 854.000/. chiefly within ths last three years. There is no in- 
■luce Hi which any arrears of iotsrest are dot. Of ths prineipal| 
41|179li beiog the whole aaionnt whieh has fiUlen doe. 



METHOD OF SQUARING A CIRCLE. 

Sib — I send, subject to your approbation, the following descrip- 
tion of a novel and ready geometrical method of squaring a eirde^ 
at once easy of application, and more approximate to the tmth 
than any method yet proposed. The resulting square is only in 
excess of the true area vr^nth part; and the side of the square is 
in excess of the true side only Trim^^ part; therefore being, for 
prac tical purposes, as accurate as the or dmary rule; side of square 
= V 'TSSix square of diameter of circle. The process is as follows. 
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Let ADBE be the ^iven circle. Find D£, the side of a penta- 
gon inscribed in this circle, and produce DE both ways to H and I. 
Let C be the centre of the circle, and AB be a diameter perpen- 
dicular to DE. From F (the intersection of AB, and DE,) set off 

(on AB) FG = — ; and with centre G, and radius GC, cut DE 

produced in H, and I. Then HI is the side of the square GEF. 

I have assumed that the side of the pentagon can be readily 
found, either by angles, or by geometry. In the first case, make 
the arcs DB, BE, each equal to 36®; in the second case, I have 
employed a geometrical method which I have not met in any trea- 
tise or mathematical work, and which I find very useful. At B 
erect BL perpendicular and equal to the radius BC. Bisect the 
radius BC at K; and with centre K, and radius KL, cut AB pro- 
duced in M ; then, with centre B, and radius BM, cut the circle 
ADBE in D, and E. Join DE, which is the side of the pentagon 
required. 

Demonstration. — Not to enter unnecessarily into a lon^ explana- 
tion, it will suffice to state that if the diameter of the given circle 



be considered=l, then CF : 



^6+1 



, and HI = 0-886233701445 a ; 



But the true side is = ' 886226925452 g ; 
.'. the resulting side is 6775992 

parts in excess in 886226925452; more concisely represented by 
the fraction, ttiTtyt^^ P^^* 

It may also be shown that the excess of area is nearly doable 
that of the side, for HP = 0-785410196624 a; 
But the true area is = 0-7853 98163397 a ; 

.'. the resulting area is 12033227 parts in excess in 

785398163397; more concisely represented by the fraction, Tvirv^ 
part. 

I think that I have succeeded in showing that this new and 
simple method is auite as practicaUy accurate as the ordinary 
numerical rule, with which it also agrees to four decimal plaeei. 
Numerical calculations are always troublesome to working-men, 
and a good geometrical method of'^reducing squares and drclee has 
been long desired. As the method I now propose is easier, and 
more accurate than any previous ones, I shall be happy, through 
the medium of your Joumalj to make it known. 

J. B* HuNrnfOTOK. 

24* 
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ELLIPTICAL EC^CENTRJC COG WHEELS. 

SiB — Your Southampton corre^iHmdent, '* William Davison,** is 
perfectiy cnircct in stating that Elliptical Vog ^VTieeU may be 
applied with ad^'^ntng-e to a variety of purposes, as 1 have practi- 
cally proved such to be the raae, having made and uaed them in the 
year 1840; bein*r considered the first wheels of that shape ever 
brought tinder the notice of the nublie, I patented their applica- 
tion to the working of pump rods: the specification of which, is 
contained in the February nnmber of the Repertory of Patent 
Itwentimu,, for iHil ; published by J. S. Hodson. ll'^, Fleet-s^treet. 
But their principle of action is more fully treated on, in a publica- 
tion that appeared the name year, intituled ^ The Principlcii of 
MechaniiJm,* by Robert Willis, M.A., FJi.S,, &c., Jacksonian 
Professor of Natural and Experimental Philosophy in the Univer- 
sity of Cambridge; [mblished by J. \W Parker, West Strand, 
London. If Mr. Davison txikes the trouble of referring to the 
above work last meuticmed, he Hill lind the diagram similar to his 
own, at page '240. 

BU^ ^**^ '*f ^»^A'j John G. Das«uwooti. 

ApHl 19. is.^O. 



PROGRESS OF THE BIRKENHEAD DtX^K WORKS. 

The dock ^vorkis a» viewerl from the river seem nnfiiiijihed and 
ruinous; but proceed inland to the western end of the Egerton and 
Morpeth Docks, and a scene uf activity bursts upou the view, 
which it is not easy to paralleL From this point a dam has been 
carried across to the opi^osite >side of the pool to pen up tlie waters 
of the upper portion oi the propusicd ^rreat float ; mid here, under 
the s<pirited ciintractor, Mr, M*t'ormack, twelve Jiundred men are 
workinp nijE^ht and day. excavatinfr the mud uml earth to form a 
clock which, as at present determined, will extend to the copper 
works on the Seaconihe side of the pool, and g"ive a water area of 
fifty acres, A further extension, however, is contemplated, which 
will carry the dock, or ioat^ as far as Poulton bridge; and the con- 
tracts for thin extension have been advertised for. 

The depth of this docJ< adjoiuiiig^ the quays will be eight feet 
below the level of the old dock sill of Liverpool, or six feet lovter 
than the bed of any of tlie d<»cks of t>ur port. The centre will 
not be excavated quite so deep. A portion of the tvuJlin^ at 
the Vicloriji Wharf, whidi ruii^ at an angle from the dock ware- 
houses, is already complete^L, Jind is tjf excellent Jind stdtd work- 
raandiip. Another portion, fronting the waTebouRes, is rapidly 
advancing. The exaivatifrns in the centre of the dock are pro- 
grc^ng at a speed which, considering the immenjie area over 
which the labour employed is spread, is surprising. Every appliance 
of mechanical skill, and of stejim. i^ of course, jirovided by Mr. 
M'Cormack in aid of the human labour employed. Two i^tenm 
engines of thirty horse power each lift the wagons of earth from 
the bed of the dock to the place of de[M)eit; and more are being 
provided ah the works progress. 

The entrance to the float from the Egerton Dock is nearly com- 

Jdeted, requiring' n\n\ only to be sniootlicd to iit the gates. Thoue 
or the inner end of the gut are to be seen in the i-arjienters' nhed 
adjoining the work, and are of immense strength, and splendid 
workmaiu<hip. They are, moreover, the largei^ in the world, being 
70 feet wide, and nhow that the Birkenhead Dock Commisf^ioners 
have had their eyes open to the fact that we may, in all prohability, 
have ahortly to accommodate in the Mersey vesselM of much larger 
tonnage and breadth of beam than heretofirre. The gate next to 
the float is to be constructed as a caisson, to l»e moved altogether, 
and rest, when <>peu, in a recess made in the dock-wiill. The main 
timbers for this work are also prepared, and are formed of pieces 
of oak, dovetailed and morticed in, so as to increase their strength, 
and at the same time prevent deflection 

The gut leading to the tunnel hy which the outer entrance to 
the dock is to be ifcoured, is also completed., with tlie exception 
of a little smoothing of the sill to ensure the fitting of the sluice- 
gate. The tunnel is fifty feet wide^ and about thirty in height, and 
through it wiU pass, when the sluice is opened, a large body of the 
water in the upper float, which wilj he i-efilled to its proper level 
by the drainage brought down from Bid^toti marshes, VV hen it is 
borne in mind that this is spread over the large area of 30 acres, 
its effect, when compressed, and flowing through an arch of Quly dO 
fcot in width* mu^t be to give a most tremendous scouring power. 



PtlDD££DISra8 OF SGXEHTIFIQ SOC££TZ£S. 

INSTITUTION OF CIVIL ENGINEERS. 

March 26. — William CtJBiiT^ Itq.p President, mtbe Chair. 
The first paprr read was a ** BeMcripthn qf the Ch^pU Vitduel^ i 
thM Coiehetler and Stow Vatiejf Ejstention of the Eatiem Counties Raiimm^'* 
By Mr. P. BncrF, Amoc. la«t. C. E. 

Tbis viaduct was thrown acroM the falley of tlie Coloe, at Cbapple; k 
conaiiilied of thirty -two neinicircular arches, each of the spaa of 30 feet, 
the total leogth beiafs II 36 feet, aod the evtreme hdghl from liie fonada^ 
tioflv lo ibe rail level beiog 80 feet. The average height of the pim 
from the fuuDdatiuu to tUe spriajj^iug was 46 feet; thej were 27 ft. liiL. 
wide by 4 ft. 10^ io. thick, at the tiader side of the impost, aod 
tapered downwards to tlie phoili, with a baiter of 1 ia 36; twenty -three 
af the pjen» only had plintlii^^ whicli, coasiated uf a 8et*oflr of 2^ inchnSf 
inftking the dimensioos of the baae of the piers 29 ft. 6 in. wide, by 
7 ft, 1 10. thick. The piera were solid below the plinth^ but above that 
level there was a centre opening 6 feet io width, arched at the top and 
the bottom. The whole of this viaduct was constructed of bricki mads 
in the district, being chiefly set in mortar, bat the arches for a distanoa 
of 4 ft, in. above the spriogiof; were set in cement. The viaduct ooca- 
pied atwui twcDtj months in coustructioa, aud cost about ^51. per liaeml 
yard. 

The next paper read was *' On the Manufacture qf MalleahU Irtm* wUk 
ike rtnXtt vf Ezp^imentx on the Strength of Raitwasf Axtew, By Mr. G. 
B. TNORNRYCRorr, Assoc, Inat. C E. 

It was stated that malleable iroo might be divided into two dtstinci 
classes, " rrd short,'* aud ** cold abort ;" the former theing general! y pro* 
duced from the rich ores^ and the latter from the poorer^ or leaner ores* 
The pig iron made from it^e rich ores (under the cold blast pmoeis cualy) 
was oot so fluid as that from the lean ores, bat ^'hen converted into malle^ 
able iroa it became tough aud Jibrouft, though it was trooblesome to work 
at less than a white hedt, which had caused it to be deoomioaled *^ red 
short." On the odier haad, the pig iron proilaced from the lean area pua- 
sessed greater fluitiityt hut when oiuUeahle it was uulitted to support 
sudden tihock^f or continuous straioji, and was heooe termed **cold short.*' 
It v%iu> further iit a ted, ihat iu the muuufiLcture of jDalicabie iroo very maidl 
depended oo the quality of the fuel u&cd ia the smelliug furnace, aod ia 
the sobsequent processes; also that iron became crystalline from two 
caoaes; first, io coosequeoce of beiog made from naturally cold ^hort pig 
iron, aod secoadly, from a peculiar manipulalioa daring the procesa dl 
** paddling." 

The introdnctioQ of hot blast far smelting iron, rendered Decessary a 
careful inve^itij^aiimi of the compardtive use of tiol aod cold blast pig 
iron, ja the mauufacture of har^^ from which it appeared, that if the same 
quality of tnaterials was used io both cases, equally good bar iron would be 
priHJucedi Uiough It was more difficuU to convert hot blast pig ima into 
'' No. r' baritf aud the waste was greater. It was certain, that whilst 
good grey pig jruo could ooly be produced, by cold blast, from the tkcct 
nirkteriaJs, iron of apparently excellent quality could be made, by hot blast, 
from the most siiilphurous ores aod fuel; iud&ed, lo this aloue matt t^ 
attributed the bad reputatioo of hot blast iroo, for certtiiu purpoteSt 

As it had been asserted (hat the peculiar characteristics of malleable 
iron were to be attributed to the ore from which it was produced, and not 
from the different nature of the processes used la its conversion, wbtdi 
Ike author had always believed to be the true cauae, be bad, at his works 
uear Wolverhampton, made bars of the finest cr^'stallioe and of the 
atroDgest Hbroo* texture from the t^ame Yorkshire pig iron. Another 
cause which ioduced grt;at changes ia the texture of iron, when cold, was 
ooaipre^sioQ, or impaci, which would complelely alter its texture frcm a 
fjbrousto a cry stall me character, as was well exemplified by the **gag" 
aod the puddling tools used by forgeoieui and m several parts of di0ereot 
kinds of muchiuery the same effect was observed. 

The author then proceeded to draw atteatJoa to the best sliape ioT rail* 
Hay a&les, so as to combioe the greatest streuglh with the least material, 
illustrating his views by the details of a 2»eries of expi;^rimeat^ made for 
determioiug the questHm. It would appear (hat railway a&les should be 
made parallel, frumjjuuroal tojouroat, without any shoulder, aod with just 
sufficieut streogth lo preveut aoy vibration in rotating. The experimeots 
showed, that aoaxle without a shoulder was better able to resist impact 
Ihao one with a ahoulder^ io the ratio of I5S to 55, and by leavtag the 
axle parallel, its slreugth, compared with the same sized axle reduced ia 
the iiiiddle, was 6 to 1^. 

April 2. — ^lu the renewed diicufsion upon Mr. Tfaorney croft's ptper« it 
appeared to be admittcdp that the shoulder on axles was only useful as a 
gauge, 8ud that it should be curved from^ and not square to, tha mala 
body; — thst between the journals the axle should be pirallelf for if reduced 
in the centre it was sore to bend, sod eventually to break. Since the laft 
meeting Mr. Thorneyeroft bid made njsny other experiments^ which proved 
hii former opinion relaliTc lo the progrcuive changes in iroOt from compres- 
fiot), which alone caused the dcatruction of the fibre, and, in fact, that 
jarring would not do it. Kiperimeuti were aiifgesled to aiecrlaia wheihv 



i on the periphery of a wfaeel, fiied on so axle and kept ^otitiog, 
ce the fame reflulti which were admitted to exiirt in practice. 

Tl»e paper read wai a ** D&icriptioa of a Lift Bridge t erecied over ike 
Gtmmif Surrey Comal, on the line af the Tkamt* Jtmction Branch qf ike 
Zmmdtm^ Briffhimt and South Caaii MailwoyJ* By Mr. R* J. Jloui>* 

The act for the cOD&truction of this hranch, which was a ung\c Vin£, one 
wti1i> io Jengthf prof ided that the crosiing of the Grand Surrey Canal should 
belly a twiJig bridge; but as there were many obstacles in the way of this 
bdiif carried out, and as tt wai not thought to be the inoftt conve- 
; form of constructiun^ it was determined, after due consideration of the 
Blagaaand diiadvantages of each particular kind of moveable bridgefto 
tone on a principle which might be designated a "lift bridge/' This 
craaUted, simply, of a rectangalar platform. 23^ feet in widih» and 35 feet 
ia leaf:th, carrying on one side a line of rails, and on the other side a road- 
way for carts; it was tormed of four beams of oak timber, ondertmssed 
with wrougbt-iron rods and cast-iron saddles, those for carrying the rails 
(whicb were hridge^sha|>ed), being stronger than the others, and having a 
Booring of 3<inch planking; the platform rested, when down, upon piles 
dnven into a bed of hard gravel, met with at a depth of about 20 teet below 
the water line. The platform, which was about 12J tons in weight, was 
nwjft nth rl at the four corners by galvanised wire ropes, four inches in cir* 
eMfoame«, attached to the end of each oak Iran some, by means of strong 
ba* tfirings, and pasting over pulleys l^ied on four pairs of cast-iron 
jtaadarda, also supported on piles, and fastened at the other end in drumi, 
3 fcet in diameter, each pair of wlitch were keyed on to the same hori' 
aootal ahaft, situated a few inches under the rail and rnad level. Upon the 
tame thafta there were also fixed six. other drimiii, of a like diameter with 
Am former, carrying, upon coils of wire rope, 2| inches in circumference, 
I weights, of a total weight of 12^ Ions, but aot equally distributed, 
1 t» assist io raising the platform, and ivhich descended in cast<iron 
wells. Motion was given to one end of each shaft, by means 
dTaivple haad-gsariRg, consiiting of a train of wheelsaod pinions, by which 
tha power was multiplied twenty-six times. 

The level of tbe rails, above the water-Uoe, was 4^ feet, and as the plat- 
$otm waa capable of being rai^^ed ^4 ^^^^* sufficient room was afforded for 
the paaaage of the barges, the greatest number of which ever passing 
throufb in the twenty 'four hours being fifteen^ and since the erection of the 
bfi^ga, not one in a hundred had been detained one minute; though on 
tfaii point, as well as on many others, the Canal Company had raised factious 
objeetioDi, owing to which, audio the design having to be lubmilted for 
i^pfoval to the Railway tioard, great delay arose in Ibe commencement, and 
ako to tbe execution of the work, augmenting the actuil cost to 1,300/., 
vfaieh was beyond what, it was presumed, a similar work could, under more 
&vaiirable circumstances, and when the constraction was aot novel, be 
executed for. 

The bridge was stated to have proved very successful, and in situations 
where only a given headway was required for a limited span, this kind of 
eomtniction was recommended. 

JjfHi 9. — The paper read was **On the Comiruetimt qf Looktand Ke^a/' 
Bf Mr. J. CnrBB, Assoc. Inst. C. £. 

Ibe aatfoor commenced by stating, that the most ancient lock, of whose 
Ibrm and construction there was any certain knowledge, was the Egyptian, 
srhich liad been in use for upwards of four thousand Y^^rs- '^^^ construc- 
tion of this lock was minutely described, also that of tbe ancient ** warded" 
nsd '^letter" locks, and considerable antiquarian reiearch was displayed in 
; their origin and introduction. These three kinds of looks were, in 
e^ the foundation of all modern locks, which might be thus enume- 
raM^reverced, for obvious reaaoni, in their order of antiquity: — 

Kill, — Tbe letter locks; mostly used for padlocks, and were so far con- 
veaiOBtf aa a key was not required for opening them, A modifioation of 
thia lock had been proposed, called the "scutcheon^' lock, for securing 
aand iron safes, but it was too expensive and complicated to come into 



fitcond. T TTfirrr having fixed wards, in which no real impriivement had 
I Made in modern times. These locks were bad in principle, as they 
i be easily picked ; and owing to many thousands of them being yearly 
that could be passed by the same key, little or no security was 
by tbem; in fact, it might be safely asserted, that twenty skeleton 
iHya arould open all the locks, of a given aizey made upon this principle. 

lyfd, — The Egyptian lock ; tbe essentia) pnneipte of which was, that of 
ao«aaA>ie pins, or studa dropping into, and securing the bolt, all of which 
Biiialbe raised to the proper height, by correaponrling pin« in the end of 
Iha hi^, before the bolt could be unfastened. This lock was the foundation 
L which most of the ingenious inventinns of late years bad been based, 
J only in the forms of the moveahle obstructions to the bolt — some 
rf ulrieh aeted vertically, others horizontally, some with a rotatory motion, 
others in an endleii variety of ways; but of all these it was 
sufficient to describe only those best known and appreciated^ 
f, Barron's, Eramah's, and Chubb's. 
In Barron's lock, patented in 177t, a great ittiprovement was made upon 
the aaeient Egyptian, by the introduction of the over-lift, wards being also 
aaed; but, from the fact of there being only two tumblers, it was evident 
lltti aa great cbangc or permutation could be made in the combtnattons. 



In Bramab's lock, patented in the year 1784, there was a compound of 
both direct aud rotatory motion given to tbe k^y, instead of simply the 
latter, as in Baivan^ lock. It consisted of a number of sliders, baviog 
notches of various depths cat on one edge, so that tbe motion of the boll 
was totally prevented, until each slider was pressed down to its exact depth, 
which was effected by tbe key having six cuts in it of different lengths. 

In Chubb's lock, first patented io 1^18, and since modified and improved 
by various subsequent patents, there were six separate and distinct taasblan, 
placed over each other, and capable of being elevated to different heights , 
but all moving on the centra pin. This lock differed from tbe others, in 
having a ** detector,'' by which any attempt to pick, or open the lock vrith 
a false key. was immediately notified on the neit application of its own key. 

Calculations were then gone into, to show the number of different com* 
bioations which might be made in this lock ; and it appeared, that with an 
average-sized key, having six steps, each capable of being reduced in height 
twenty times, the number of chanj^es would be 8ft,-100; that if the seventh 
step, which threw the bolt, was taken into account, tlie redaction of it only 
ten times vrould increase the number to 864,000. Further, that as the 
drill- pins of the locks, and the pipes of the keys, might be made of three 
different sixes, the total number of clianges would be 2,392,00U. In kefs 
of tbe amallest size, the total number would be G48,000, whilBt in thoie af 
tbe largest size it would be increased to 7,776,000 changes. 

In conclusion, it was stated, that the manufacture of looks and keys waa 
principally carried on at Wolverhampton and the adjacent towns, Birming. 
ham, and London, and that the fondamenta) priocipLe upon which all loc& 
should be madCi were perfect secority — strength, so as to resist attempts to 
farce them, or of opening by picklocks and false keys — simplicity in tbe 
arrangement, so that any stranger, having the propsr key, miaht be able to 
open tbe lock — aod durability. 

The paper was illustrated by a series of diagrami, and a variety of ipeci' 
mens of the locks and kfvs noticed in the paper; and also by a number of 
Gothic locks and keys of very elaborate workmanship, suitable for ecde« 
siaatical buildings, &c., from Mr. Cbubb's works, in London. 

in the discussion which ensued many additions were made to tt»e histori. 
cal part of the subject, and various ingenious contrivances were describedt 
which had heen sucoessfmlly applied, to give inereased security to locks <if 
ordinary construction. The combinations in tbe locks of Summerford, and 
McKinnon (of New York), were also fully described; an advantage hein^ 
claimed for tbe former, in making one tumbler to lift and tbe other to fall* 
io order to open it; and, for the latter, that, by the addition of a curtain, of 
case-hardened iron, three-quarters of an inch in thickness, radiating from 
tbe centre of the pin, and a radiating key, there were no means of reaching 
the tumblers, for the purpose of taking an impression, or otherwise, except 
by cutting through that curtain. On the other hand, it was positively 
asserted, that no impresiion couUl be taken of, or means invented furpiekingi 
a lock whicb had %ii tumblers, although it could be easily done with loc£l 
having fixed wurd^ ; further, that Chubb's lock was a decided improvement 
on all others of the same character, inasmuch as it potiessed a ** detector,** 
which formed really the peculiar feature of that lock; the excellence of the 
workmanship tended also to the facility of action and oonteqveml durahihtf^ 
for which it woi so celebrated. 

Aftrit 16.^The discussion upon Mr. Chubb's paper, ^*Oii the Conttruciiom 
of Locks and A>y#," was renewed, and extended to such a length as to 
preclude the reading of any paper. 

Several locks which had not been previously meotioaed, were exhibited, 
and their peculiarities of construction were described. These bore the 
names of their inventors — Davis, Parsons, Williams, and Nettlefold. 

It was urged, that the curtain which bad been mentioned might be essen-' 
tial for Summerford*« lock, but could not be, in any degree, useful in Chobb*^ 
lock; in fact, that its only effect would be to induce complication, ind aug- 
ment tbe cost, without increasing the security. 

Among numerous instance* of ingenious devices for opening locks^ that 
stated to have been tried iu America excited much attention. The proceti 
was described to be, tliat tbe uperalor, after inserting two pieces of India 
rubber, to Limit tlie sphere of action, injected from a force-pump a com- 
position of glue and molasses, in a heated state, which chilled quickly, and, 
although extremely elastic, had tbe property of retaining tbe form and 
position of tbe lower side, or bellies of the tumblers, and that after beifi§ 
cut out of the lock, by a ttiia-bladed instrument, a key could be made from 
the impression. 

In eKplanatton of this, however, it was shown, that in Chobb'« lock there 
existed no similarity between tbe position of the bellies of the tumblefi, 
when at rest, and the Ogure of the bit of the key ; and, therefore, that even 
supposing it to be possible to obtain an accurate impressioo of the positioa 
of tbe bellies of the tumblers, when at rest, no indication would be afforded 
of tbe combination, or any asaiataoce be given for making a false key. In 
further contirmation of this, a look by Chubb was shown, in wbioh, when 
at rest, the bellies uf the tumblers were perfectly uniform, and m tbe same 
plane, so that an impression of the inside of such a lock must be utterly 
useless for any purpose, 

AHbough it had been asserted that Chubb\ looks had been picked, it waa 
admitted that it had never been proved that those locks had really been made 
by the iiiveator ; but, on the other hand, it had frequently been shown thai 
pttrioui imitations of the ftrst expired patent had been told la large qitia* 
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titiei, and had been marked '* Ch abb's Fateot/' until the makers were 
stopped by legal proeetij n ben it wai ruled, both at law and equity, that, 
iltbotigh after the expiralian of a patent, any person might manufacture 
the article, he had no right to pirate a peculiar trade mark, or to u&e a dis- 
tiDCtiv^ fitamp, which wai irreapective of any patent right. 

The locks used at Pentonville Prison were instanced as uniting gaodneia 
and safety with extreme cheapness ; but it was admitted that the workman- 
ship was very inferior to that of Chuhb*a locks. 

It was also asserted that Davis'a locks, invariably used on the Cabinet 
Dispatch- boxej, which frequently contained important secret paperi, wexe 
ncTCr found to be out of order, or to be fiuaceptible of being picked. 

To this it was replied, that Mr. Chubb was prepared to produce a work- 
mtDf who, without haviug ever previnQsly si?ea the locks on the Cabinet 
BiBpatcb-boieif would open any numbert on being allowed half an hour for 
each ; and that the same might be done more easily with the Pentonville 
Friion locks. 

In summing up the discussion, it was stated to be the duty of the Insti- 
tution to expreaa the conviction, of a veritable Cbubb's Jock never having 
been picked either in Great Britain or on the other aide of the Atlantic ; 
tbat it did, in fact, combine that strength, simplicity, and security, without 
which the most ingenious locks were utterly uideii ; that it posiessed the 
merit, in the production, of nerer, through fear of competition, having 
reduced the quality of the workmanship to meet a reduced price, and thus, 
by a due consideration of the workmen employed in the manufacture, the 
men had been taught to he as jealous of their master^s reputatjon for good 
work as he could he of lumaelf, and that thus the merited reputation of the 
work had been, and was still, maintained* 

Jprii 2Z,— 'The paper read was a ''Deacription t^ (he Imiitent Ptmioon 
Bridge, at the DuUin Termimu qf (he Midland Grta( Western Hailwa^f ikf 
Ireland:* By Mr. R* Mallet M. Insl. C.E. 

This bridge was stated to be situated on the line of approach from the 
city to the terminus, and formed a passage over one brancli of the Royal 
Cinali where it crossed the Phibsbo rough -road, upon the Foster Aqueduct, 
By the act it was provided, that the navigation of the canal should be as 
free and unimpeded as possible; and from the circymstance of there being 
only a height of 16 inches between the intended surface of the road aud 
that of the water of the canal, it necessarily involved the placing of Gome 
kind of moveable bridge, of rather peculiar construction. After due con- 
dderatian, the one described in the paper was designed and adopted, as being 
more suitable to the peculiarities yf the situation than any other, owing to 
the water-channel being only 17 ft. 4 in. in width, and that ttie passage to 
be mad© across it required to be at least aO feet in breadth. 

The general idea of this form of moveable bridge was that of a pontoon, 
or flat-bottomed boat, constructed of iron; the breadth being nearly equal 
to that of the water space to be crossed, and the length about equal to the 
width of roadway required. The deck beams of this pontoon projected 
over the aides, and rested while in »i(u^ upon a rabbate, or continuous re- 
cess, formed abut? the top course of each quay-wall, but while the pontoon 
waa floating light, the projecting deck-beams were 2 inches clear of this 
rftbbtte, and the roadway platform, conitituting the deck of the pontoon, 
was elevated to an ei^ual height above the level of the top of the quay^ walls, 
or land on each side; in thi& state the pontoon cuold be freely and readitly 
pushed along the canal, for a distincc of rather more than its own length, 
until it was brought opposite to a lyc-hv, provided by increasing the width 
of the canal at this point, and being put therciu, the navigation was per- 
fectly free* 

As a pontoon afloat would form a very unstable roadway for carriagea, 
njcani were provided for allowing it to settle down in the water, and rest 
firmly upon the rabbatesj and also for again raising it rapidly, to &i to float 
clear of the rabbates, and enable it to he rooverl away intn the lye-by. For 
this purpose two large valves were placed in the bottom of the pontoon, one 
near each end, by which water was allowed to enter, and sink the pontoon, 
until it hung upon the projecting deck-beams. For removing this water, 
when it was required to float the pontoon, a large syphon, of a particular 
construction, was provided, which was capable of being brought instantly 
into use, and of being as quickly detached, when a sufficiency of water had 
been withdrawn to enable the pontoon to be moved. Thesie operations were 
stated to be performed very readily by one man, the navigation being cleared 
in four minutes, and the roadway restored in less than three minutes. 

The details of the construction of the pontoon, of the syphon, and all 
other parts of the work were then minutely given; also the total cost of the 
atrncture, which, eicluiive of the masonry,' was lUbL, that of the masonry 
being about 150/.; and it was stated to have continued in use, with perfect 
latisfaclion, since its completion in February, 1847. 

This form of constniction was considered to be applicable in situations 
where a comparatively narrow water channel had to be crossed by a very 
wide roadway; but as the particular circumstances of other localities might 
differ from the one in question, the author suggested raiioui alterationa in 
the details, so as to meet these eitgeocies. 

The next paper read Hfu ti *' Beicripdm q/a Vfrouffht^ron Lai Hcf Bridge, 
etrntiructed over (he line qfthe Rugby and Leamington Railwav," By Mr. 
W. T. DoYHB, Assoc. Init. C.B. 

Thif bridge, which wti 150 feet iptn, carried a public road over the Hon- 



ingham cut tin jr. It consisted of two girders 15G feet in length, and 10 fees 
6 inches in depth, placed at a distance of 20 feet apart, and conuected 
together by means of wrought4ron transverse gilders, and by a system of 
horizontal diagonal bracing. The bottom of the main girders were formed 
of two angle irons, and wrought*iroi plates, eight in number at the centre, 
but diEninishing to three at the ends, and of such dimensions as to make the 
effective sectional area at the centre, after deducting the loss by rivet holes, 
equal to 26 square inches ; that of the top, which was somewhat differently 
constrncted, so as the better to resist compressioo, being equal to 40 square 
inches. The lattices were formed of a aeries of bars of spoke-troo, inter- 
aecting each other at an angle of 60"^, being crossed at those points, bj 
longitudinal bars, for the purpose of giving additional rigidity, and of 
making a closer parapet. The transverse girders, 7 feet 6 inches apart* 
were each formed of a plate of wrought iron, with two angle irons at the 
top and the bottom ; these were covered with corrugated galvanised iron, 
one-tenth of an inch thick, upon which concrete, and then a layer of gravel 
and loam metalling, 6 inches thick, were laid. This bridge was erected bf 
Messrs, Smith, Smith, and James, of Leamington, npon a platform which 
gave to the girders a camber of 7 inches in the centre, which was rednced 
to 3 1 inches tipon removing the platform. The total cost of the bridge wis 
about 3,^00/. 

During the progress of the works, the author made some experiments 
upon the strength of rivets of different sizes, from which it appeared, that 
the average breaking weight, per square inch of sectional area, waa 35-10 
tons for a chain joiul, and 18'B2 tons for a lap joint. 



ROYAL SCOTTISH SOCIETY OF ARTS. 

The following communications were made :^ 

Remarks on the Positions laid down by Mr. Couiin, in a CkimoiunicAtioii 
lately read by him, " On (he Phiiosoph^ of (he Beautifui, and ois jhiMfymM 
of (he Principie qf Proportion^ a$ applicable to Archilecture^* By Mr, 
TttOMAS FunmE, Ediaburgh. 

Mr. FuaDiE stated the principle on which Mr. Cousin seemed to found his 
doctrines, riz.^ — that the mind receives a pleasure from certain proportions, 
whether in the relations existing between the various parts of a building, 
or in the relations which the notes of a musical chord bear to each other in 
the number of vibrations required to produce them. That harmony it, 
therefore, " the perception of these relations,*' conveyed to the mind in the 
one case by the eye, and in the other by the ear. 

Mr. Ptirdie contended that this definition of harmony waa only a con- 
founding of nameSi That the word harmony is applied to archttectare only 
in a conventional or metaphorical sense, and may therefore be used to convey 
any meaning which fa&hion or fancy may happen to dictate. But, whatever 
harmony in architecture may be, the mind which perceives nothing and 
knows nothing of the relations of musical notes or of vibrations may receive 
a pleasure from harmony of the moat intense and elevated kind. While the 
secondary beauty of harmony is, doubtless, dye to its connection with man's 
deepest feelings and most interesting emotions, its primary beauty cui be 
attributed only to sensation as an ultimate fact in man's mental constitntioo, 
and has no more connection with perception of relation than have the prick 
of a pin or the perfume of a rose. If there were any beauty at all in ratios, 
the ratio existing between the diameter and circumfereocc of the circle 
seemed to pofsess quite as much of that desirable quality as the ratio of one 
to two, or three to four. If harmony^ he contended, were the perception of 
relation, and if those relations only were beantiful which are simple and 
definite, what would have become' of the mathematician engaged in the 
higher calculus vrhere many of the calculations refer to irrational and even 
imaginary quanliiieB. A single page of it would evolve an amount of dis- 
cord Buthcient to drive all og ether mad any mathematical devotee who might 
happen to he cursed with a musical temperament. 

But granting that Mr. Cousin had established the premises — that har- 
mony is the perception of relation, and that beauty resuHi only from the 
perception of definite relation — he bad only placed his doctrines in a poii- 
tion which rendered their conaplete fallacy the more obvious and apparent. 

Take any number of rectangular forms such as those to which it is pro- 
posed to apply this system of proportioning— say two windows of a building 
with the space between them. AdDpt some of those ratios which Mr. Cousin 
asserts to he beautiful, and apply them to the diagonal lines of these rect- 
angles. Let the diagonal line of the windows form with the base an angle 
of 60 degrees, and that of the space between them 674. These nnmben, 
if the angles be taken as the standard, bear a simple or harmonic ratio to 
each other, and to a right angle. But it is impossible to suppose that the 
relations of aogles, formed by unseen diagonal lines, which are supposed to 
be drawn within certain rectangular figures, can serve as the fonndation for a 
system of proportion, or thai they can produce so powerful an effect aa the 
relation between the sides, which arc visible to the eye; and, unfortnoatelt 
for this theory, it happens that the sides roust of necessity be at variance 
with Mr. Cousin's proportions in every case, wlien the angles are io acoord- 
iDce with them. 

Id the designs exhibited to the Society. Mr. Coaab, for the most put, 
adopted the anglea aa the basis of hii harmooy ; but be sometimes admitted 
the proportion of the atde^i and Ht other timea he admitted of botk id the 
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I elevation. Graottng^ theQ^ hit definitioD of hurmoof to he correct, 
fttmildiog coald possibly be beautify!; for the eye, wUicb was gratified 
ttf th« simple ratio existing be twee d ihe aDgles, most also perceive and be 
oflSmded by the waoi of these so-called harmoDJc proportions ia tbe sides. 
Mr. Purdic farther objected to this theory oo the broad ground that it 
inToKed tbe setting a^ide of taste altogether; that It was calculated to 
erect within the dominion of taste a tribunal to overrule and supersede 
its judgments. If any one were to object to a building of Mr. Cousiu^Sf 
or of any other architect, designed on tbe principles brouglit before the 
Society as being ill- proportioned, it could be no answer to lell him that 
tliis was an angle of thirty degrees, that of forty-five, and so on, Uoless 
the jurisdiction of this theory were to be aupreiae, the architectural critic 
would have a full title to hold to his opinion^ notwithstanding these so- 
called mathematical deinoostratiuns. But as the explanations which the 
discQSsion on Mr. Couslo's paper called forth, at a late ineettng of the 
Society, bad placed the matter on a very Ditrrow ground, Mr. P. preferred 
to leave ii there, rather thao enter upon matters which could only lead to 
firfiMB and perhaps altogether unprofitable discussioti. 

Cliagi'Bg/iow on what it required to be done, in order to improve the 
PmlUntfa of the Working - Clajties { with a briif notice qf Mome Model /fouMe» 
itemily erected in this neighbourhood^ and some account fff those which hatte 
hen. built m Umdotif Glaigotc^ ^c. By Patrick Wilson, Esq., Architect. 

3lr. Wilson observed, that iu looking at tbe large tenemeiiti in the centre 
i)f Edioburgh, occupied by a prodigious number of families, some of them 
eJetated six or eight stories frum the street, it must appear almost an im< 
pOttibihty for such families to have anything like cleanly dwellings; the 
fidoflioci stair of such teoements is, in general, in such a stale of 61th, that 
there i« tio iodocemeat to the housewife of cleanly habits to attempt keep- 
ing a clean house. He, therefore, contended the working-classes mtisl bo 
placed 10 self- coo tain ed houses. Such an idea might at lirst &ight appear 
Utopitko, but BO far from this being the case, it had actually been realised, 
Aod that at a rent not exceeding what is paid for the same accommodation 
mother situatioos. 

Mr. Wilson then took a rapid glance at wha! had been doing io other 
towns. He gave sonie brief account of the hotises receotly erected in 
LoodoD ; but in general remarked that they could not be taken as a goide 
for OS ill Edinburgh, the rents paid for Ibeni being far beyond what could 
beaflbrded by Edinburgh operaiivcs. 

Hf, Wilson laid before the Society the plan which had occured to Kim- 
lelf fODietime ago for improving the dwellings tn question, which he had 
tiocie bad opportunity of carrying into practice. To effect this on the 
]iio«l ecoQomical pl»ii^ he proposed having houses of two stories high, the 
boaie* on the first floor to have their enlrHoces on the one side, and those 
00 the second floor oti the other side; and further, that row^of such houses 
fboQld be placed at right angiet to the road or sLreet. 

There are six rows of houses, each row coiitaiuing eight houses, four on 

the pound-fluor and four on the second ioor. The spaces of ground be- 

tweta the rows are devoted for bleachiug-greens, with (he trxcejition of a 

tlh on each side leading to the houses. The Model houses recently 

t &t Iitdustrydane, Nurtb Leitb, under the saperinteudence of Mr, 

D, are built on this plan. The piece of ground at Industry -laae only 

idmJICed of two rows: one js built, and the houses are at pre.«eot being 

abed, the other is in contemplcttktn to be byilt. The ho u ties are of 

t mititt. The average size contain, one large living room or kitchen, 

9ai a scullery t^ulhcieotly large for the mistre.'^s of the family 

; in, well hghted, and furnished with sink aud xvaler-pipe, and a 

ptJltrx. The sculleries are placed two and two together, not only so, but 

k iioie oo the lower door being immediately under those on the upper floor; 

^fhere ftre four sculleries all in a cluster, which arrangements, bejaicks the 

__. ,^^ possessed other advantages which Mr, W. poiated out* With 

the exceptiuu of the water-closet, each houjie possesses every convenience 
wjthio itself. The vvater^closeta are placed out of view at the farther eud 
of the row, and under iork and key, fhe apparatus for these closeta are 
uf tJbe most simple construction; one cislera supplies the whole cluster 
with water. , , , 

The largest size of houses at Industry-lane contatue a large kitchen, 

I two t>ed rooms, and the other couveniences alr^^ady described. These 
were com mod ions houses, and what ia Mr, Wikon's opinion, every house 
ihoald be. provided those for wiiom they are intended could pay a projior- 
tiOQAtt rent* The parents and younger hraoches would be accommodated 
il lllf lar^ apartment, the boys In one room, and the girls in the other. 
The bouses at Industrydane are all let at the following rents :— Two 
hoaatt at 5/. 5f ; two houses at 6^ fl*.; two houftes, each with two bed* 
fO0i]li,at 7/, I6». Toial receipt, 6U, 4#. Cost of the eight houses, 7W0i., 
5 percent on which ii» 35/.; feu-duty, or grouod-reut, 3/. 6*, tid.; making 
a total uutlay of a8i, 5f. 6(/.; and leaving for taxes, repairs, vVc, a margin 

• of 12/, \Hm 6d. 
A considerable portion of ground has been feued at a very moderate 
rale, through the kiodoess of Mr. Balfour, of Pilrig, and oo which it is 
intended to erect bouses somewhat similar to those at Leilb. 

D^er^ftion and Drawings of a fiew Patent Air-Spring f&r Shutting Doars 
mtd G^tes^ opening one or both ways: with a narrative of the Patentee's 
£9p€riments in arriving at the tmt arrangement. By Mr. G gorge B RATTiE, 
Mr, Beattie stated that lo this new Psteot Spring Hinge the preiiwre of 




tbe Rtmoipbere is employed for the tnotive power to close the door. That 
it is not a spring properly so called, but timply a counterbalance^ by meioa 
of the presf ore of the atmotphere nude to act towards a vacuum « the re- 
iistance being uniforin throughout the travel of the door, which comhinet 
comfort, safety, and durability. The air spring consists of an iron box and 
cover let into tbe 6oor, which cotitains a verticle axle supported at bottocn 
in a hollow cup, and furaished at the top end, whiah projects above the 
floor, with a shoulder and lever hinge for carrying the door on this shaft, 
and within the box is fastened a horiroittal wheel, which it toothed npon a 
portion of its circuroference. On each side of this wheel is a rack attached 
to a piston, which is made to 6t tightly into a cylinder by a cap leather. In 
the under side of the cylinder is a valve communicating with the outside; itt 
the bottom of the cylinder is another valve commumcating with an ex- 
hausted chamber, and on etch aide of the racks are guides for the piston. 
The leetb of tbe wheel are made to take in either of the toothed racks, ac- 
cording as the door or gate is opened one way or other, so that the piston 
will be drawn along the cylinder, leaving a vacuum behind, at a uniform and 
regular degree of resiitance, until the door is rcteaied, when the unbalanced 
preiBure of air upon the face of the piston will cause tbe door to resume its 
original position. The use of the valve communicating with the outside of 
Ibe cylinder is that, in case of a leakage of air behind the piston, it shiU be 
driven by the return of the piston through it to the outside. The use of the 
exbauited chamber and valve commuiiicating with it is, that a portion of 
the leakage air or oil which cannot be diicharged by the valve leading out- 
wards, escipei into the exhansied chamber, which allows the piston to get 
to the bottom, and lo bring the teeth of the rack in hard contact with the 
teetb of the wheel, and thereby keep the door steady and in its proper place 
when shut. The box requires to be filled with lard or sperm oil to seal the 
piston, and keep the whole lubricated. 

Deter ipti&n of an Improved Method of Constructing Wirt Fences. By 
Mr. James Smith. 

It was stated that the object of this plan is to iDcreeae the limplictty and 
facility of the construction of wire fences, and to afford easy means of cor- 
recting the oceaiional defects of over tightneii or over slackness of the wire 
lines, whether arising from faults in the cot^structioo, or from the vicisii^ 
tudes of temperature: that this is effected by mounting the straining poatt 
with rollers and ratchet wheels for the wires, by which, with tools of the 
most simple kind, an ordinary labourer can erect the fence and stretch the 
wires in the most perfect manner; and the wires, when becoming too alack 
or too tight, can be easily corrected, so as to keep them always in a perfect 
state: and thai the expense of ubtaiuing these advantages very little exceeds 
that of constructing the fence on the common method. 
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Impair tant Application of Hydraulic Pre$sure,^^k powerful hydraulic 
engine has been placed at Murton colliery, belonging to the South Helton 
Company, by Meiari. Armstrong and Co.. for the purpose of drawing the 
trains of waggons underground without the aid of a steamengine (so dan- 
geroui in inch a situation), or of borieSf where a Urga number would not 
be so efficient ai this new machine. The engine consists of four small cylin- 
ders and piitoni, each being three inches in diameter, with a 12-in-stroke; 
tbe water wbirh supplies the power is that pumped from the abaft, collected 
in a reservoir 606 feet above the level of the water coginc, and, of course, 
applying an enormous force to the pistons; the pipes conveying the water 
down the shaft are 4| inches in diameter; the distance from the shaft from 
whence the trains are propelled is B80 yards, with gradients from ! in 30 
to 1 in 18; the number of tubs in each train is at present 20 or 21; the 
time travelling the distance ia 4 J to 6 minuteSt or 6 milea an hour; the 
quantity of water preising on the pistons is 1,500 gallons, and tbe average 
speed il 100 strokes per minute, although 130 have been obtained without 
any jarring motion; the power of the engine it about 30 hones, aud the 
reservoir and column of water colleets as much as will draw 20 trains per 
day; hut although it is contemplated to increase that number to 50| that 
extra numt>er will only involve the pumping of an additional 30 gallons pec 
minute through the 24 hours. 

New BricJk-MaJking Machine — .Mr. Hart, engineer, of Seymour-plaoe^ 
Bryan atone-square, is now exhibiting a machine for making brick a, which, 
besides producing them with greater rapidity than by any previous machine, 
and at a less cost, po9fes»ei the advantage of turning them out in an exceed- 
ingly denpe and homogeneous form, requiring no great length of time after 
pressure before they are fit for the kiln. The machine ii very powerful, but 
compact. The clay is placed in a hopper, in a rough state, from whence it 
pastes, in a welUkneaded condition, into the brick moulds, which are placed 
upon an endless chain ; here it pistes beneath the presser, which reduces 
the bricks to the proper size, and after this part of the process they arc 
Stacked for drying. It is stated that one hone, two men, and four hoys, it 
a coat of about 1/., can turn out 26,000 perfect bricks, stacked, in 12 bouri. 
The machine is also admirably adapted for pressing into cakes oil dregs, 
and other similar substances. 




Id iilitMiOmitrnt »nA inel«orolo« i'e«l ponvllt wus licid «t lh« barfmlji] and bospltsbln scat 
Of Dr. Lv'i'. «f Bftr'NrcIT, nmr Aylotbttrjr, iMt morth^ which led| ditdng thnf dayt die 
omloiit Co 9 irocMi deal of (nttfmfB^ d«loll on trnritMu iii«tlvr» conondmA witli icienCQ^ 
•Ad ond^d, in th* fo^in&lkNi of Hit BHllili Mrt^or(ilo<(i<*-id Society, to which Mr. aiftlkher, 
llie tcoain^titlted obscrrcr ftiid luperinUndent of tho ltet«oroIoirictd Jtapartmoiit «t 
Or««fiw1ch, eonMntod to h»«oi]i« leovtAry; 3. C. Whilftread, Biq^ P.BJL8-, wwi 
aonfnatfd i)rvt1d«o«; Dr. Lee* LL-JX, F E.S.^ ii«wur«r; uid &C3aaiiiH]of i«r?inl otber 
fraltamen^ mo»t of whom am iD«Dib«r« of the AfttronGmic&l Socleij. vmt fonud. It 
wiA arnuifMi that a mrctiBf of the offlceim »hould taJ[« pitce on tho 7tli oflfajr, and 
llnit c«iitJ<'in<^ di-iifou§ of proDiotfnir lh«' •cipnc*- miKbt hp udmittcd mcnnbMw on »i|(ni- 
lyipf llielr wlBbr* to Mr. GI«t»b4>r. of Bl»clih«»th, iKiforo that dtj, •lt«r wUcli menibers 
Hill ba wlmitttfd hy ballot. Mrteorotogical Jt^porU ato aljr«ftdy onJultAraBi lurtf dlltamt 
ttitiaiift in Ui« IciDRdom, aod arranged, eondvotcd, and prioUHl in thn Quarterlj Report 
of the 1l(!€i>triir-G«rieml, hj Mr. 0]ai«h«r. It It detiir«bl« to traorttwi tlm iiinElb«P of the 
•fotloDf, aod thftt «ccur»te trnd cfgulftr oh«trtoMottf of itMidiinl hsfOBBlifi^ tknmtmat^ 
Ion, aud hjeronw^em »hou}d bo malUpJJed, wilh a vltir to ««l«Mlili loaMi laiieral priiv- 
eipln of atiDofpheric variation, in relmiion to ttonot, w#«Jt]ifir» aod diieiuea. Ainang 
the iuijfctft dlMVMcd at Ihi' fiiiH>tIii? wii that of niPtMjHo floiMa, on« of which* in Iba 
nomiaiinn of Ita'. Lee» had fallen at Launton, Oson« in I§M, and wbleii had Nan «aa> 
mload aod iccovdrd in * Loiuioo'i Masaaine of Natural Blalory*' hf Mr. Stawcv of 
BiMdtlt»gbavi» tn Maivh, 1831. Mr« Glaiahor bad rM«lv«d acooojita of the doceot of the 
late meteor tttaa many obterven, who ettittaled ila aJtttoda and eoorsa, fmin the BKtto) 
C3limi«I acfoia Wale*, and nniiiedlalcly of«r ITortiiavploii^ tlU It bunt at tiM bal^lit of 
M nlit ovtr mwt^mwudv, where fragniaia hano bfan aauilii Hmt, bmt at ptai— » vlilMMii 
aoooiMi titoofh ila hulk iDuat hato baaAflooraiooa. Tho Inlervat which oeeafvod helwoen 
fho aia^aran<M of the light and the aoiae nf ftm eiploiloo waa neaaorad accnratvlj bj 
Hw Bo«. JMeph Bead, of Btotw, n«ar AfXtatatf, who had a dmrnooMCtt in hla haad at 
flit moment, and vraa Ibaod to ho AS Moondfe; and another gmHitmwm, U mUft aooth of 
^tone, ef iJmikt^ it at 57 accondi Dr. Lio had aaot a nodal of hhi Aorotilo to Iba 
MuMtsio at the Indin Kou#e, and the curator, in relnm, aoot blm a model of one that 
f«U In India, which, ihoDicb of larscr dfoiaoaiaottbad verf moeh Iho tbape aod character 
of the Oafordahljw stouv, which waifhed, at ita deeent, 9 Iba Soa. 

9ioum Wazbo ]Un.wAY.— a wroufht-ima hddfo of very Imrga dimenoloaa ia nam In 
ooofoa of eoiiilnwtion bjf the extcDiive iron Couodtn, Hoars. Finch and WlUer. of Wtod- 
for Foundry, Liverpool, "bo have erected iahalanlial temporafj pfamlMO ibr tne purpoae. 
The bridg^o ha« be*-*! drfi(mi?d bf Mr. janrael, Iho dfU enftoeer of the Ihw, amd ii to he 
thrown ocrofs the river Wyi*. lu rxtreoM lenftli will bo flOO #Ni,UMro bofoff l^ttf «>eiM« 
or tpufiit one of 900 fi>ot^ and tbrM! of (CK) feet oaeh. At the oavigation of tba rlter cata- 
Dot he iatorforwl with, iho ^mmenM epan of mm ISeet ia raajmad ■a^awiijb ba oedar to 
prerrnt the ereciion of pien or other work«. as a foundation on whleh t» loat tbo aaait of 
troD-worh which will ho brought into requisition. The principle adopted ia that of loa- 
MBBioti flmn • loho by dlagooAl diatni, which carry tbo giidofa oa wbfeh Um line of nOt 
U laU* aod heaidea Diaoy ather Improvem^iita beinK intvodnood lo adapt Iho bridce to tba 
paonJiaHUea of tl» altuatian tn which it wilt b« required. The cootraction and eiponaioa 
of the iron<work ia provided for with the fcrealmt ciactneea; oacOlation and ondtttatton 
ttvm any of thow auaea by which thry are usually produoed on railway brldgei wilt be 
eflhcteaUy pvvwnted. The roadway will be near); IfiOlbaft abof« the level of l<»w-walAr 
mark. Lartre eyliodriral pillarft arc to be driven Into Iba gnmod near liie maruin of the 
ilvor, and from thete and the pkert, which form the eatreme pointt of tutpenaion, the 
main tnpport ^r the ttractoro will he derived. The Jroii Ukely vo be tuod In ilia bffdgn 
and oyllnrfrical pillan will amount to 9,<XW lona. To axpodlte the wodt, a laife aiid vorj 
powori'al eri£Jne has been erected, and eaieuaive maobitiary brought into worklog oider. 
MsmcipOLlTAlv CoMMTBaioji OP Sswsss^— An accouot of the receipt and etpen- 
dlture of tho Mf^tropolltan Commission oi Sewert for 184(1 hajc juit been puhliihed. Th« 
roceipta ainounted lo 7l,0isi, IS*. lOd,, the iteou Ci«iiQ^io»in< Ihlf total being &6,105l. 9». 
from rates, 1A,fiT^/. lOt. lOd. from contribution*, ^c, and 3,000f. from ioaot^. Tlic 
paytnenta were as follow:— For works, 30,309/, 4», Id. ; lurveyk. ice, S,9^L l»t. If^d.; 
management, ^^4(0/. t7». dd.; loaos 4.0Ui. 13a. ftd.; coniinEencioa, S^O/. Da. (td.; 
raakfpf li fotal of B5,34f /. Sa. dd, The ca«b In hand at the commencement of the year 
1840 wa» *22«0S6/. 9s< Td. ; at tlie end of the ;eir It wax D,334r t««i Kd. The total amount 
paid for coiuracts commenced and complcled for fceneral work* dtiringr the vear was 
40,009. 4i. 4d., being lO.flTt/. 1J». JW. for lew^rf, A,* 771, fB> Od. for openinjza ('aide cn- 
trancea, air ihafta, gulliev, private drain* and flapi), ?,D'a^ Us. Ad. for repaira toaewera, 
giaJUm» Icff., I«,MAJ. 18». lOd., for eleanaing, Snctuding, fluahiag; cnstine, and lifting, 
l,4€0/« 2i. 8d. fcr Incidental worka, and *.'*JL i ih. :d, for paving and gravt'IUng nlafd. 
MM addiliooaJ toni of 2,91 if. H*. lid. was <^xp<>r]ded under conlntria for trH^rtuJ workt, 
being IMt, for ineidrnlal w«>rk«« aud 2,318/. I4ft. lid. for wwers. Tba toial amount of 
■Mmiei owing lo ihe Commiialooerf on aacoont of uncollected rales it 40.171/^ t3«. lid. 
Tho debta owing by the CoOimlsiioDera amount to \m,7 %L 1». id., via. Of,7«7/. for 
loana« 4»5f. 14«. lor tpecia) contrncti, and 34,4e5f. 7f. Itl. for iradc*nien'i bflU and other 
oMflgHttont not tinder a peciiU contrajcta. 



UIST OP nmy^ PATEWTS. 

OAAMTICD IN KNGI.ANO FROM MaRCH 20, TO APRIL 23, 1S50. 

sir Mtmik» aUo'medJbr Surolmmt, unlen oihennie expretted. 

William Joseph Curtia, of I>ort of Spain, Trinidad, West TndJef. dvtl engineer, for im- 
proved machinery and bpparaiu« adapted for the cnanufacture of tugar. — March 119, 

Horatio Caiter. of Thirra- pi ace, Old Hr-nt-road. Surrey, Kentlrman, for ooffatai Im- 
pfovementa m tho peoducttnn of lliht IVom ordinary crnl gns, by the uao of buraera, 
flonalfting of more than oi»e ring or «h«el of dame, combined with a suitable chimney or 
chimney», and supplied with atmoapberio alt, particularly adapted to ventilatilafi.— 
March 99. 

Joahua ^iddeley. Juji>, br«»fouoder, of Liverpool, for ceftaJn Improvemenla in ihipi* 
llttlngf.— March VJl. 

Alfred Wilfion. of MydIdeton«»treet, Clerkenwell, e]ock*caa« makar, for aa improved 
ventilator.— March VI. 

John 8tephen»on. of Hoan milU, Dunfanoon, Tyrone, flax ftplnner, for certain im- 
provemenla in machinery for ftpinnin^ dax and otlifr stibitaticea.— March 9^, 

William >^ykes of Vork-itreet. Mlddleacx, tallow chandler, for certain Improvementi 
in the niannlacture of ««n41e« and wickt.— lllArrh2.t. 

John Variey and Jceeph Backincr, of Bury, Lanctiter, engineeni, for oeiiaia improviK 
menta in ileamoengine* and apparatua cotinrcted therewith. — March S9. 

Henry Robert BamiWotbam, of Bradford, Torkahire, roanufiactarer,and WllUitm Brown, 

of the tamo nlaee, median le, for improvemenla In praparing and eomhing wool, —March 

tSW 

John Gedge, of Wellioi;;toD-itreet, Strand, Middlnex, for an improvement in lampa and 
oaBdleitick(. (Acommnnication.)— Mareh »S. 

Tfathaniel Matthew, of Weni Tn-mador, Carnarvon, quarry propftator, for an appara- 
toa for cntrine or dreaalng alatn into vnrioiia abapea and ■iaoa.^Marek 93. 

Alfred Guiilanma, Bofelaur. of Parii„ France, but dov of 4^ Sooib-ilreel, Flnthurr* 
Middlesex, chemiit» fbr certain Improvemenla In coatlnf or eoverfng metali with tin. — 




Alfttd Vinoenl Newton, of the Office for Patenta, Oil, Chaneory-lanex . 
chiLnleia drattghtooan, fbr Improwmenla In the prepuraiion of materiala M 
tion of a compoaltton or oompo«ftlont applicable to the manufketnre of 
raaor-handlea, ink«^atanda,> door- knoba, a»d other anioleft where 
durability are required. (A oommunication.)— March 23. 

Edward Welch, of Su John'i Wood, London, architect, for improvemontn 
aod flnoa, and in {ipparatua eonneotad tbamwIMt— Maich tg. 

Bvao Leigh, of Mile» Flatting, near Maoobealar. Laneaalar^ eoCloii-a|iM^ 
vestloo of certain improvementa In machinery or apparatui for ftrnpaiiaf 
cotton and othar dbrou* aubttaneea,— March 2d. 

Joaeph Theodore Clendiardi of Paria. Pranre, manu factoring chemia:^ __ 
dprovemenia in Ihe applloafiioa of archil to Ihe prooeaa of dyeing and prtBli| 
and alio an improved apparatu* to bo employed la tha operation of dyiri^ 

Jomea Precce, of Hereford, ahotrmakpr, for certain improvementa la m 
chinery applicable to the thraahing^ and grindli^ of com, the numnfactona < 
other aimiiar purpoiea. — March 90, 

Alfred Vincent Newton, of the QOce for Patenta, 6d, Qhamsory-lane, Mh 
chanJcal draughteman, for improvemenia in coupling-Joiala forpipoa. (A 
—March 90. 

TboBUU DfdEaaoo Rotch, of Dnimlamford-houae, Ayr, North Bfilain, ] 
peaivamenla In eeparating varioiu matteri uMiatly fUnnd eomblnod in omiw 
aalJfiig» and Ugneoua subatanoaa. (A cammtinicaiiaia.)— Much 90. 

Tbomaa Waller, of Wodoctbury, Stafford, irou -mailer, for trnprovemanli 
fhetnre of ahoela or platea of Iron fhr eertaln porp o aea. MbwUl S8. 

Jaraee Samoal, of WiUooghhy- bouao, Middleaea, civil angtoear, for 
naeiilf tn ibe oonilniellen of nllwaya and^team-englnmi, and 1b ah 
—April 3. 

Joaeph Findlarr o^ Piialey, Renfrew, North Britain, raamlactttBBf^ftue ifc 
or iraproTements in machinery or apparatui for tnniing, oottlnf, ihafii 
wood or other aotoelancea,— April 5. 

Oeorse Henry Phippa, of Park>road, Stock weli« dnnoyf ongiBeor, Uff 1ib| 
prop«Uliig veaaela.— April 5. 

Jonathan Charles Ooodall, of Great Go[tii»«lfa«l, fSamdan Tamm, Ml 
makar, tor impffovemenia in machinery tor eolMng papnr i Jipill fl* 

Obarlea Sael«y, of U«i|Uii»gtaa, Lincoln, merdbaiiK^ ftw improeemoBta Bi p 
and other grain, — April 5, 

John Piatt, of Oldharn, Lancaater, engineer, for eertaln improretDenta in i 
apporalna for spinning, douldiag, and weaviag cotton, fljix, and other flbrag 
—April IL 

Richard Proaaer, of Rirm Ingham, civil engineer, for certain Iraprovemanta 
and apparatuB for manufacturing metal tnhea, which improvemonli hi mm 
part applicable for other purpoeee wbero praaeiiro ia required; also for trnf 
the nEiode of applying aeial tuboa In sloam boUoa, or other vesaela requirti^ 
apiplied within th«m.—Aprn 11. ^ 

Amed^ P^neU Itedmoud, of BLrmingiiam, for improvemenu in th9 
envelopot.— April 15. 

Edmo Angitstna Chameray, of Porla, for improvemenla in the 
and ef pipea of mailable t<ub9tances, aa well aa of elaallo matter.— AprU IA, 

Robert Reid, of Glasgow, manufoctiiref', for certain Improvemeols Ilk 
April 15. 

Outhbert Dinsdole, of Newcastle- upon^^Tyne, dentitt, for Unprovemanm; 1 
faettire of ortlUcial palataa and guma, and in the mode of settmg or ft 
artificial teeth.^ApHl Ifl. 

Johu Turner, of Birmingham, enginmr, and Jotepb Hard wick, of the i 
certain Iin|jrovenieTit or certain Improrementa in lh» con«tra£tlon and 
holier*.— April IS. 

George Attwood, of Birmingham, copper roller miAnufactiiier, for a 
method of mnUng tubing of capper or idloyir of copper,— April 15. 

Charles de Bergue, of Arthur-etreet, Lunrlon, engineer, tor certain impi 
locomotlTe and other steam en^nes, alaoln baffera for railway purpoaea.^ — ^A| 

John Dovo Mania, of LeioMter, tnamufaoturer, for improremtiinta in tb« 
of loi^ped fubricb— April IB. 

William Buefcwell, of ibeArtlileial Granite Works, Batlerttsa, drB 
Fisher, of tho TaiTbali BaUway, CafditT, civil engineer, for Improramoiyi 
atrncryonand meana of applying carriage nod certain other Bpringa."-Aprli 1 

William Heory Aahurat, of the Old Jewr}', gentltmjui, for iuproremontal 
facturing of vamiihea. — Ap^il 18^ 

Tbomaa Boat, of Coleman-Etreet, London, gonUeman, for improvemaato 
far rsUaing a pila upon woven and fcltje<d fabrica. — April 18. 

Abtaham Moaes Marbe, of Birmingham, chemlat, for an improved iaa| 
vegetable Onid to be uaed in the production of artideial light, and in lam] 
for consuming the fame; which vegetnble fluid is aiao applicable! to the 
lacker or ramiab.— April IB. 

William Hargreovea the younger of Bradford, York, iron founder, for oart 
menta in ibe mean* of consuming smoke, parU of which ImprOYemeatsare 
lo the g«ncraliDg ofateam.— April 19. 

Peter Arkelt, of Cbapel-atreci, Srockwell, Surrey, engineer, for 
manufacture of candle wick*. — April 20, 

Alfred George Andenou, of Qr^^at duffblk-atreet, l^outhwark. Surrey, log 
turer, for Imprutrenieiita lu the trifaimurtt of a Hubalauce produowi in soapn 
its application to useful pur^K»ei.— April 20 

John Timorhjr Chnpman, of Wappine, Middleeex, for improvmeeata in I 
settifin: up uhliit' riirging and raiaiug wctahtf — Aprd 90* 

Richard Archibald Broomau, of the; Arm of J. C. RoberbMin and Co., of 
London, patent ug^cnta, for improvemonta in the manufacture of zinc, aod in i 
trniployeU lher*tfn.— April 20. ' 

Henry Hltehle, of Brlatoo, Snrrey, far improveiDcnta in tike mautlkeAlfl 
bra*t, and other tabee or pjpea.— April MJL 

Wllliatn Macalplne, of Spring-vaie, Hammemnlthf general dmoar^ I 
Macalpine, of the lame place, manager, for ImprovoBDenli in nMoMiMrir Iw 
ton, linen, and other fab rlea.— April 'ia. 

Charlea HwrnfMy, of Downing College, Carabridga, MJk., for I m pi o e^ 
mauufaeture of candlaa and olh, and in treating fatty and oily mattcra, and 
cation of certain produetii of fatty and oily mat(er».— April 2^. 

Antoine Pauwela, of Pnric, France, merchant, and Vincent IMih'cbet, d 
Pri^oce, merchant, for certain impro*emeDta In tlie pPodBotion of coke, a4^ 
iMuminnting. and aJao in regulating ih» circulation of inch gaa. — April 9S. 

Richard tamingt of the K«w Chemical Worka, I&le of Doga, Midtfleaez, 
Frederick John Eyana, of the Horaafarry-road, Wettmlvtter, gaa angfnaaci^ 
raetita In tbo mannlbctitra of gaa for Itiiimlioation. and other pwpoaaa t» wbli 
applicable, in preparing materiala to be employed in inch manufacture, — iW 
for manufacturing and using gat; also improvements in treating certain piv 
inn; from tho distillation of coal, parta of which above-mentioned impeov«4 
plicabre to other simPar porpoaea.— April 98. 

Inward Newton, of Cbaneery^lane. MMdlesex, civil eaglMar* for 
castii g type. (A communication.) — April %i. 

Plenro Armoaid Leeomte da Fonlainoamraaa, of Bouth- sl poi t, Phubwy, 
w^nmma lis itm muamhmtmm of wofow, and la Dm machinery or 
(A omMmatai«liiB.)-nifril ». 
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BRIDGEWATER HOUSE, 

Charles Babbt, Esq^ R.A., Architect. 

(WUh an Engraving^ Plate VIL) 

■LBYATION OP THE WMT OB OABDEN PBONT. 

rtt&iains to be added to what was said of this work of 
% in No. 156 of our Journal (Vol, XI L p. 1), when we 
miration of the south front. One thing which we may 
1 to correct an error that mav mislead some of our distant 
I to the precise locality or the mansion, the engraver 
it ^ St. James's Park" on the plate instead of the Green 
lat the first- mentioned is not the actual situation is 

be regretted, for where it now stands Bridge water 
not seen to full advantage, the site being far more 

I M regards the view yrom its windows, than for affording 
fiMtory view of it, and that close inspection which so 

£ece of architecture is intitled to. Could this palatial 
nee and Apsley House be made to change places, the 
lo Piccadilly would be really imposing, though its im- 

1 would partake also of imposition, by leading strangers 
lo find many other noble and aristocratic mansions of a 

in which we need not say they would be grievously 
whereas the insipid, humdrum stvle, or no-style, of 
promises so very little for anything else of similar 
even the me9quinerie of Buckingham Falaee excites less 
ent than would else be the case. 

o elevations which we have now given of Bridgewater 
ider description superfluous, since it would be only re- 
rhat may be far better understood from the engravings. 
ray of remark, we have merely to call attention to the 
etail, and the solicitous finish exemplified in this edifice, 
contrasts so strongly with the carelessness and inequality 
tliat detract considerably from the general merit of even 
ir best buildings. Of the interior of the Earl of Elles- 
naion we are at present unable to speak, but hope that 
in our power to do so on some other opportunity. The 
nation relative to it we can here give is, that since the 
begun the plan has been considerably altered — in one 
least — as there will now be, a spacious central hall the 
ght of the building, with colonnades around it, on the 
le principal floor, instead of two small inner courts with 
lignt of the grand staircase carrried up between them; 
to which arrangement what will now be open colonnades 
'e been closed gallery-like corridors, lighted from their 
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E8 ON THE HISTORY OF ARCHITECTURE; 

By Samuel Clboo, Jun., m.i.c.e., f.o.s. 
U (he CoUegefor General Practical Science^ Putney^ Surrey, 

RBtlDBirr, HIS OaACa the DUKB of BUCCLBtrCBf K.O.) 

Lecture VI. 

tf of Gbeek Abchiteotube. — The Thbee Obdebs. 

18 no country whose early history is more involved in 
and fable than that of Greece. As Josephus remarks, 
of the Greeks: ''As for their care about the writing 
their histories, it is very near the last thing they set 
The Greeks were an ardent and imaginative people, 
their country, and regarding as barbarians all those who 
dm to the Hellenic name. Their early historians were 
rhapsodists, whose recitations, describing the deeds and 
It led to the glor^ of Greece, were listened to with eager 

Thus, every action and circumstance was painted in the 
lues of poetry. They disdained an eartoly parentage 
heroes, whose descent they traced from nymphs and 

and believed that the gods themselves came down from 
to take part in their conflicts, or to contest the privilege 
ng over the rising states and cities of their favoured 
le return of the Ileraclidas, and the founding of the 
of Lacedsmon, took place about 1104 b.o. Before this, 
lad settled in iEtolia, and the Boeotian Thebes was a 
( city. In 1044, fresh colonies went out to Ionia; and a 
reeks had established themselves on the southern shore of 

germ of Magna Grsecia. Apollonia, and other cities 

—Vol. Xill.— Juxb, 1850. 



along the western coast of Greece, were founded by the Corinthi- 
ans, who carried with them the sacred fire that, if extinguished, 
might only be rekindled at the holy altar of the mother state. 
Then followed the foundation of Sjrracuse, Gela, and other Sicilian 
cities. Thus, the Hellenic race spread themselves not only over 
Greece, but in Asia Minor, the south of Italy, and Sicily; shedding 
over all these countries the light of that genius that seemed their 
birthright. 

A kind of rude Doric and Ionic already existed in Phosnicia, 
though not formed into those express combinations that could 
claim the name of ''Order." It is probable that the Greeks received 
their first ideas upon the art of building from that country; but, 
in the true artistic spirit, they so harmonised and fitted it to their 
peculiar habits, institutions, climate, and materials, as to have 
made it so completely their own that it is not worth while to 
wander in searcn of its birthplace: it may therefore be accepted, 
in its early forms as in its fuuest development, as de facto Ureek 
architecture. 

Nature seemed to have combined in that one spot of earth 
everything that could tend to the advancement of art, that man- 
kind might for once behold perfection. In no age or country 
has the training of youth so fully called forth the united physical 
and intellectuS powers: the body was strengthened and invi- 
gorated by athletic exercises, and the mind enlarged and elevated 
by the sense of freedom, and a certain responsibility in the state. 
Equally removed from tne severity of the north and the enervating 
tendencies of the tropics, the frame received elasticity and force, 
combined with softness and grace. The spirit of rivalry amongst 
the small states into which Greece was divided, leading to con- 
tests of skill in the Olympic and other games, and frequently to 
struggles of a less peaceful nature, kept their energies awake, 
and torbade them to sink into the feebleness of repose. The 
influence of a serene and sunny climate, and a constant familiarity 
with the grand and beautiful scenes of nature, raised the imagina- 
tive faculty to the highest pitch. The Greek saw around him 
majestic mountains, sinking in picturesque declivities to the culti- 
vated plain below; the island-studded sea, reflecting in its pure 
depths the azure of the heavens; what wonder that he was haunted 
by beauty as with a spell, and strove to reproduce in art the ideas 
of sublimity and loveliness with which he was inspired? Italy, 
from the same cause, has been the land of painting and of song: 
but the inexhaustible stores of marble inclosed within her moun- 
tains, seemed to denote that nature intended Greece to produce 
those transcendent works of architecture, and sculpture also, that 
have been a lesson to all successive ages. 

There can be no doubt that construction in wood was the 
original type of Greek architecture. From such an origin alone 
could jthat proper balance of thrust and resistance, that nice adjust- 
ment of parts, and accurate knowledge of strength and weight have 
arisen, that made building first a science and then an art. Thou^ 
magnificent and gigantic edifices were erected in Egypt, India, 
and Assyria, it is undoubtedly the fact, that the wooden hut first 
led to those combinations that produced "The Orders;" and Greece 
therefore pre-eminently claims our attention as our first mistress 
in the art, and Greek architecture as the parent of all succeeding 
styles. Though the wooden hut was the original type, we cannot 
imagine the log cabin of an indigent peasant to have been the 
immediate precursor of a splendid stone edifice, fit to adorn a city; 
nor can the . bringing to perfection the wooaen model, nor the 
imitating it in stone, nor the establishment of the orders, be 
referred to any one individual, or single point of time. No art 
can be said to be invented, mucn less one so complicated as archi- 
tecture: its forms and proportions could only take their rise 
slowly from the bosom of tune and experience. We must sup- 
pose that the builders of the first cabin only raised such a struc- 
ture as would be necessary to shelter them from the inclemency of 
the weather, and were determined in the form by the nature of 
the materials at hand. The arid plains of the south and east were 
left behind with their scanty growth of palm and poplar; and 
dense forests were spread on all sides, offering a new and plentiful 
material to the ingenuity of the first settlers. They therefore 
hewed trees, and placed their trunks upright in the ground to 
support thereof, filiing-in the intervals with intertwining branches 
made weather-proof with turf or mud; other trunks would then 
be laid horizontally upon the uprights, and covered over with 
boughs and rushes, or turf— and the primitive hut would be com- 
pleted. As the damp penetrated to their dwellings, they would 
find the necessity of laying a flooring of timber, and raising the 
roof by rafters meeting at an angle to throw off the wet. A hut 
so constructed would suffice for lul the material wants of its oocu- 
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pant8. But aa may becomes civilised, the love of the beflutiful 
arises — his eye requires to be pleased, as well as hie mere physical 
neeeMities provided for; and from this faculty of our nature the 
fine arts result. First, the hark would be stripped from the tre**, 
and the trunks that were to serve aa uprights, rounded smooth. 
The beams would be squared, and a more efficient support given 
to tbem by square slabs placed upon tlie pillars, Amonj^st a rich 
and agricultural people, other imnrovemeut« would gradually take 
place; and decoration would follow, until the wooden atructuro 
was perfected, with its stylobate, coluinna, entablature, and pedi- 
ment, adjusted to the niceHt proportions that experience and taste 
could dictate. The poems of Homer inform us that tlie first 
temple at Delphi waa of wood; and it is supposed that the old 
Temple of Neptune at Mantinea was constructed of the same 
material. After a time, as wealth and luxuiy increased, and more 
elaborate edifices were required, brick and atone began to replace 
the primitive materials; but, at first, only partially. We have 
aeen that in the Etruscan temple, both stone and wood were used; 
and it is highly probable that this was the case, also, in the older 
Greek temples, as we read of so many being destroyed by fire. 
The second temple at Delphi, built by Agamedes and Trophonius, 
the Heciitompedon at Athens, nnd several others, shared tnis fate; 
8 c^taelrophe which could scarcely have happened had they been, 
like the Parthenon, entirely of marble. Remaiufl of construction 
in brick are also met with; though these, in a country abounding 
in stone, like Greece, are rare. The walls of Mantinea are of 
crude brick. At Argos are vestiges of a temple of terra-cotta; and 
another example existed in a portico at Epidaunis. Even in 
building in wood, certain maxims must have impressed themselves 
un the minds of the first architects, such as that the heavy 
should support the light, and the strong the feeble; that solidity 
should not only be real, but apparent; that nothing should be 
introduced, even iu the way of ornament, without its seeming to 
arise from some necessity m the construction, as nothing can be 
beautiful that is not appropriate; and that all the parts and details 
should be suburdinate to the whole. In course of time, as build- 
ings for different purposes were required, three orders, or distinct 
combinations, were formed, each differing from the others, and 
taking their rise from different ideas. The Doric, expressive of 
grandeur, strength, and solidity; the Ionic, of dignity combined 
with elegance and grace; and the Corinthian, of lightness and 
festive aumptuousness: and these ideas, notwithstanding the infi- 
nite modifications of which the orders are susceptible, were always 
kept distinct. As the original t\^pe of the wooden structure is 
more closely adhered to in the Doric than in the other orders, it 
has been generally considered aa the earliest; though there is no 
foundation for «uch a supposition. According to Vitriivius, the 
Duric order whs invented by Dorus, the son of Helen and the 
nymph Optteus, who governed the whole of the Peloponnesus, and 
dedicated a temple to Juno, in the city of Argos; and that this 
order of architeetuie was adopted by the cities of Achaia, and 
from its inventor received the name of Doric. But such a fabu- 
lous origin proves nothing beyond its antiquity; nor is a name any 
better guide— for instance, no vestige of the order called Corin- 
thian is found in Corinth, nor does the acanthus grow plentifully 
in its neighbourhood. A name is often given to a style long after 
its introduction, and arises sometimes from the country where it 
was moat generiilly in use, sometimes from some artist by whom 
it was embellished, or other fortuitous circumstance. 

The principal features of the Doric order are, the massive 
column springing direct from the stylobate, without base, and 
tapering Cfmsiderably towrards the capitsil; the bold ovolo, or 
etjbinu*>, and projecting abacus with which the column is crowned; 
theHolidarchitrave,anilenriched frieze, callingto mindtheprimitive 
farms from which it took its rise; and the cornice composed of 
feiv but varied lines,— altogether forming a combination of un- 
equnlled simplicity and grandeur. 

Vitruvius tells us that the first architects, in the absence of 
fitted proportions, bethought themselves of measuring the human 
figure: and, finding the length of the foot one-sixth the height of 
a full-grown man, they a<lopted this as the proportion, making the 
column six diameters high. This rule, however, is proveil to be 
fallacious, by actual admeasurement of the Greek Doric, in the 
best examples of which the columns are not as much as sijc diame- 
ters in height. Moreover, architecture does not imitate nature, 
but proceeds on the same principles as nature herself. In an 
organic structure there are certain proportions which arc never 
uverstepped — certain adaptations of parts to a whole, which are 
always preserved; though, within these limits, there is perfect free- 
dom. Thus iu a skeleton, if we see one bone, we can at once decide 



to what species it belongs; and yet the individuals of that species 
are so infinitely varied tliat no two fire exactly alike. Thus worked 
the architects of Greece, in the secondary forms and proportions^ 
adhering to no positive rule, but varying them according to the 
dictates of taste and judgment. Nor should this excite our sur- 
prise; rules never produced a work of genius; they are the result 
— the effect, not the cau»e of such worlks. A great artist arises; 
his productions transcend all that has gone before, and at oncd 
c<immanfl the suffrage of the public: they become an escample — it 
rule. But let the student beware of imagining that, by ej^actly 
following such rules, be will achieve like results. As well might a 
painter take a chef tfwuvre of llaffaelle'e, and say, by following 
such and such lines, and imitating such and such masses of light 
and shade, and combinations of colour,, I shall produce a picture 
like this; or a musician fancy he could compose a symphony like 
one of Beethoven's by studying thorough base. The most that could 
result from such a course of study would be a cold correctness, 
that might not oiend, but would utterly fail in commanding admi- 
ration. It was a saying of Michael Angelo*s, *'that the man who 
follows another is always behind; but he who boldly strikes into 
a different'^path, may cfimb as high as his competitor,** Rules a» 
valuable to repress exaggeration nnd exti*avagance — they sen^e to 
mark the limits beyond which grandeur and energy would be lost 
in clumsiness, or elegance and grace degenerate into poverty aud 
weakness; but within these extremes the imagination may stray 
at will. Those who would make architecture nothing but a system 
of rules^ would render it no longer an art, but a mere mechanical 
trade. 

In architecture, the constituent parts of every structure, however 
vast and complicated, are composed of a few elementarj^ forms; thus, 
the buildings of the Greeks may be divided into four principal parts 
— the platform, or stylobate; the columns, serving as supports; the 
entablature, connecting and resting upon these; and the pediment 
and roof, crowning the whole. The character of the order ia not 
confined to one part, but is spread over all; but the column is the 
indicator and regulator: thus the names of the different orders 
are given to the supports, according to their style. Hence they 
are called Doric, Ionic, or Corinthian columns. It is impossible 
to assign any chronological order to the ancient edifices of Greece, 
Generally speaking, in the earlier examples, the column is more 
massive, with fewer flu tings, and supporting a heavier entablature; 
but this is by no means an infallible rule. Nor can we trace the 
rise of Greek architecture from progress to progreta, M in other 
styles, for the temples of the remotest antiquity are as beautiful 
and complete as those of a later date. The h)^tethral Temple of 
Piestum m scarcely, if at all, inferior to the Parthenon itself. 
Indeed, Signur Lusieri (a great authority in matters of taste) oofl- 
sidered the Temple of Paestum as an example of a more correct 
and pure style; and thought that the Doric order there attained 
an excellence beyond which it never passed. He observed, "Not 
a stone has been placed there without some evident and important 
design; every part of the structure bespeaks its own essential 
utility." His opinion wasthe same with respect to the ancient Temnle 
of Jupiter Panhellenius, in iEginar '^Of such a nature,*' said he, 
"were works in architecture, when the whole aim of the architect 
was to unite grandeur with utility, the former being founded oa 
the latter: all then was truth, strength and sublimity." It was 
not until the year 1745 that attention wns drawn to the ruins of 
PflBstum. Though in the year 1675, Athens nas visited by the 
Marquis de Nointel, Dr, Spon, Sir George Vriieler, and Mr. Ver- 
non, who all published the result of their researches, the architects 
of that day knew so little of the pure Greek Doric, that the tem- 
ples at Pafstum were for some years considered as unique; and in 
France this style was called the order of Frostum, and it was not 
until Messrs. Stuart and Revett went to Athens in 1751, that the 
beautiful remains of Greek architecture were made known to the 
public. 

When the ruins of Pa»stum were first eiamined, in the total 
absence of history or inscriptions, many speculations were afloat 
respecting their origin. Signor Paoli imagined them to be Etrus- 
can, because Pa^stum, then called Phistu, was in existence before 
the Greek orders were known, Jasun having offered libations 
there; but the Chevalier Boni very truly remarks, that such a 
tradition "only proves the antiquity of the place itself, not of 
everv^hing it contains." Pa?stum was one of the earliest Greek net- 
tlem'ents in Italy; and by them called Poseidonia. Mr. WilkJns, 
speaking of the hypmthral temple (supposed to have been dedi- 
cated to the tutelary deity of the city, Poseidon, or Neptune), saya, 
"The Grecian character is too strongly marked to admit of any 
argument, and must have been coeval with the very earliest period 
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[»f Uie Grecian miration to the soutii of Italy, Law columna, 

■rith a gieat lUmtnutiou uf the shaft, bold projecting capitala^ a 

F massive entabhiture, and triglyphs placed at the angles of the 

^xophorus, are strong presumptive prot^fs of its antiquity/' The 

paeudo-dipteral temple does nut belong to a period of such correct 

aste; indeed, it has been sunposed to be of Roman rather than 

vreek workmanaliip. The col um tie have a pecular capital — a row 

Df tmall leaves encircle the neck, and turn over^ as if supporting 

^tfae lower fillet. These temples are built of a kind of stalactite, of 

I the same nature aa the travertine, formed by a calcareous deposit* 

'The Temple of ^ge«ta, or Segesta, in Sicily, i^ another ancient 

[example of the Doric; it is, I believe, the only insitance in which 

J the column* were unfluted. In several rnins, the columns would 

|»ppear at first sight to be plain; but the Irreeks did not work the 

^fiutings till after the column was raised, the cliaruiela under the 

^ caj^it^ and at the base, being previously marked to serve as a 

^ giude to the workmen. In some instances the columna were left 

unfinished; though the above-mentioned marks may still be de- 

I lectetl. In the ruina of the Temple of Apollo Didymieus, near 

i Miletus, there are two fluted columns yet standing, and one plain; 

. but with the channels marked above and below., Ther^ is a wide 

I interval of time between the building of the hypiethral temple at 

^Pieatum, and that of Jupiter at Agrigenlum, which was left 

imfioished at the time of the destruction of the city by the Car- 

thaffiniang, 405 b.c. Nevertheless, no great diJference is apparent 

^^^^e style, only that divers^ity of proportion and detail which is 

^^^K^ teen In Greek architecture. It was Huid of the Agrigen- 

^^^H% that they oursued pleasure as if they had only a day to live; 

and built m if they were never to die. The gigantic proportions 

of the Temple of Jupiter brings this saying to mind, the lower 

(diameter of the columns being 12 fU lL-7in., and their height 
63 ft, 4*6 in. According to Diodorus, a man could (stand in each 
fluting. There were three other considerable temples at Agrigen- 
tum^ and several at Selinunte, another ancient Greek town in 
Sicily. All these temples were of the Doric order, and yet not 
two precisely similar; shuwing that the same design was never 
repeated even in one city. In the Temple of Neptune at Pfiestura, 
tlie columns are only four diameters in height; those of the old 

I temple at t'orinth bear the same proportion. The columns of the 
Temple i»f Theseus in Athens, were rather more than S diameters 
high; of the Parthenon, nearly S^; of Jiipiter at Agrigentum, 5 
diameters; in the Temple of Apollo Epicurius at BajSi<£e, the 
columns are rather more than S^ diameters high; and as we ap« 
proach a later and less correct age, the proportions are still more 
ftlender. In the Portico of Philip at Delos, the columns are o| 
diameters in height. 
It does not appear that the entasis was uaed in the more ancient 
eicamples; indeed, it would naturally he one of the last refine- 
ments of art. The columns of the Temple of Neptune at P^stum^ 
have been proved to be without entasis, thouj^h not alwuy^ so 
represented. Psestum, since its desertion, has become a perfect 
marsh; and the damp eating oway the stone at the lower part of \ 
the column, has given them the effect of swelling in the middle* 
^ The columoj in the ancient Doric, appearing to diminish too 
H rapidly, would cause some architects to endeavour to remedy this i 
K defect* This was done by slightly increasing the diameter to- 
H wards the middle of the coIumD, though always keeping it within 
V the lower diameter. This »; welling out, called by the Greeks 
''^entasis,'* should not he visible, being only intended to give the 
effect of a gradual diminution. Mr, Cockerell was the first to 
d uncover the entasis in the columns of the Parthenon. In a de- 

» generate age, this refinement was exaggerated, as in the pseudo- 
dipteral temple at Psstum; and thus became a defect instead of 
an additional beauty. 
The number and manner of the flutings in the Doric shaft 
varied considerably. There is a ruin of a Temple of Apulio 
Thearius at Troezen, in Argolis, the columns of which have eight 
plain sides. In the Portico of Philip at Delos, the upper part of 
the shaft is fitited; while the ffices are plain towards the lower dia- 
meter. In a Doric temple at Urchomenus, in Arcadia, the coltinins 
have 18 flutings; in the ancient temple at (.Winth, 20; and in the 

I Temple of Neptune, P^estum, 24. The flutings in this order aie 
sliallow and meet at an edge, without intervening fillet. 
The custom of fluting the shaft has never been satisfactorily 
traced to an origin, some i^tipposing it to have arisen from the 
grooves formed in wooden pillars by the water trickling down; 
other from the stalks of plants; and others, again^ from objserving 
the fluted shell common on the coast of Oreccer Probably, the 
polumns were in the first instance polygonal, the channelling being 
a subsequent improvement. 



The simple abacus of the Doric order is a representation of 
the primitive square block, placed on the pillar for the better 
security of the beam. The echinus or ovolo would result from 
bevelling off the abacus to meet the shaft; such a capital whs 
found in an Etruscan tomb at Bomazzo. The ovolo afterwards 
became a separate member, and was quirked under the abacus, and 
moulded into a more elegant form, by increasing taste. 

The profile of the Doric capital varies in each building, the 
form of the ovolo depending upon its depth and the projection of 
the abacus, tlie general proportion of the latter being to the lower 
diameter, as 1*2^ to 1. The ovolo is united to the hypotrachelium, 
or neck, by several fillets, varying in number from three to five. 
In some examples they are omitted; but these are rar^. The same 
variety is seen in tlie number of annutets encircling the neck of 
the shaft. In the Temple of Neptune there are three; in the Par- 
thenon one; and in other instances the flutings are continued up 
to the fillets, without interruption. The intercolumniations in the 
Doric order are narrow, adding to the general character of grandeur 
and solidity. One diameter is the general proportion, but in some 
examples they are Ij; and in aa ancient temple in Sicily, less 
than one diameter. 

The Doric entablature is massive and simple, and divided into 
few parts, the proportion being nearly two diameters in height. 
The architrave or epistylium iit plain, with the exception of the 
guttie. 

In most of the Greek buUdings, the architrave, instead of being 
even with the upper diameter of the shaft, projects so as to be 
nearly on a line with the lower diameter; but to prevent this 
superincumbent weight from crushing the projecting part of the 
abacus, there i^ a slight space left at the outer edge, which throws 
the weight on the centre of the capital, and at the same time gives 
greater distinctness of outline. The frieze is the onlv part en- 
riched, though the deconition strictly recalls the primitive type, 
7'he woid *^*^frieae" is derived from the Italian /reyio, ornament, 
which is taken from the Latin phrygitUy embrtiidery. The Greeks 
and Komans gave this member the name of zophorus, or figure- 
bearing. The triglyphs represent the ends of the joists resting 
upon the beam. Jt was the custom, anciently, to lay these joists 
upon the tie-beam, of such a length as to project considerably 
beyond the external face of the wall, as may be seen in the Etrus- 
can temples. In later times, to improve the appearance, the ends 
were cut away even with the beams. It is supposed that the three 
glyphs or grouvcs are traditional, and that such notches were cut 
in the ends of the joists to allow the water to run off; the dropw 
hansing below being represented by the guttae. Others think the 
triglyph was originally a mere ornament: to conceal the ends 
of the joists in wooden bnildinga, we are told the ancients used to 
cover them with blue wax, by way of decoration. In some 
examplcis the triglyphs are not carved on the block of the frieze, 
but on a separate slab of stone fastened on. The Greeks always 
pLiced trlgl)q:)hs at the angles of the frieze; this was probably 
dojie, to present the subjects carved on the raetopiB in an uninter- 
rupted series, 

f o obviate the difficulty of the end metope being thrown out of 
proportion, the end triglyphs were slightly enlarged, or tho inter- 
columniation at the angle narrowed; an example of this last 
method is seen the Temple of Theseus at Athens. 

The guttae were either rectanjjular or conical; or, as is univer- 
sally the case in Sicily, cylindrical. They were always six in 
number. In ancient times the metopte were open spaces between 
the triglyphs. This is mentioned in a passage of Euripides, where 
Orestes and Py lades are concerting a plan for carrying off the 
image from the Temple of Diana. Pylades recommends his friend 
to creep through the opening between the triglyphipi, and so gain 
access to the interior ot the temple* The spaces were afterwards 
fiiled-in with slabs; and lastlv, the metopss were enriched with 
bas-reliefs, the subject being always appropriate to the service of 
the temple. 

The cornice of the Doric order is bold and simple : its charac- 
teristic is the mutute, representing the ends of the rafters com- 
posing the roof. The mutule was decorated with three rows of 
guttsB, six in each row. The mutules were never repeated along 
the cornice of the pediment, as in some modern examples: the 
Greeks had too much taste to represent in sculpture what could 
not have existed in reality, 

In the Temple of Neptune at Pcestum, and that of Jupiter 
Panhellenius in ^Cgina, the upper member of the cornice is a 
cavetto. In many other temples it is an ovolo. The cyma was 
not an integral portion of the eariy Doric; indeed, it is not sup- 
posed to have become an established part of the order until after 
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the age of Alerander the Great; where the cjma is introduced, 
as in the Temjile of Apollo Epicurius, it is ifenerally enriched. The 
Doric pediment was slig-htly less elevated than in the oth«r orders, 
giving it a graver character; the tympanum was sufficiently deep 
to allow of fttatues being placed within. Thus every part of the 
Doric order was calculated to impress the idea of strength, sub- 
limity^ and energy; not only hy tne massivenesa of its proportions 
and the simplicity of its details, hut by the boldness of relief 
given to all its mouldings and ornaments — Hiding, by deep masses 
of light and shade, to force and grandeur tif outline. 

It is quite as impossible to trace the hiHtury of the Ionic as of 
the Doric order ; but we have no rejison to suppose it of a less 
ancient date. As before mentioned, Vitruvius informs us that the 
proportions of the human figure were adopted^ the Doric repre* 
senting the manly stature, and bein^*- employed in erecting temples 
to the gods. But, he adds, tlie loniaus^ now wished to dedicate a 
temple to Diana, and aou|fht tu invent a new order in her honour. 
This they did by ,^ving the column the prtmortion of the female 
iigure, that it might be emblematical of feminine delicacy; so 
the columns were made eight diameters hi^h. and had bases given 
to them in imitation of sandals, Tlje volutes represented the 
rinja:lets on either side the face, and the flutings the folds of the 
garment falling to the feet; they thus presented the likeness of a 
woman richly adorned. This account is evidently more fanciful 
than correct. 

Other authors think the Ionic order may have been borrowed 
from India or Persia; and other more iniuginative writers have 
fancied a resemblance to the volute in the curling bark of the first 
rude wooden pLUar, 

The idea of the volutes being imitated from the horns of goats 
or rams appears much the most probable. Altars ^^ ere erected to the 
gods long before temples were thought of. These altais were 
usually decorated with, and sometimes wholly composed of, the 
skulls and horns of the animals slain in sacrifice; and as far back 
as history leads us, the ancients built their altars with horns at the 
corners. "The horns of the altar" is an expression frequently met 
with in the sacred writings; thus, in Exodus xxxviii. 1, S, "And 
he made the altar of burnt oifering of shittim wood;** *^*and he 
made^ the horns thereof on the four corners of it:" and in the 
1st Kings, ii. 2B: "And Joah fled into the tabernacle of the 
Lord, and caught hold on the horns of the altar," The use of 
these horns is explained in Psalms, cxviii. 27, where the psalmist 
exclaims, "Bind the sacrifice with cords, even unto the tiorns of 
the altar." When temples were erected, these horns might very 
probably have been represented as ornaments on the capitals of 
the columns. 

Hermogenes of Alabanda, and his colleagues, who were em- 
ployed ill the restoration of the temples of Asia Minor after the 
Persian invasion, brought the Ionic order to great perfection. 
They maintained that the Doric was unfit for temples; and from 
this time the Ionic order prevailed as exclusively in Asia Minor as 
the Doric in Magna Ciracia. In the latter country the Doric may 
have become sacred from association, recalling the mode of con- 
struction of the mother country; but in Asia Minor, where the 
wooden dwellings were still in use, and where they have con^ 
tinued even to the present day (the huts of the peasantry still 
showing the primitive type), this order may have become too 
familiar to be associated with the service of the temple; and the 
volutes having a religious origin, the Ionic would conse<)uently be 
preferred. 

Though the Ionic always retains its distinctive characteristics, 
tt vanes in detail quite as much as the Doric. In this order^ 
ejrpresaive of grace and elegance, the parts are multiplied — a base 
is given to the column; the shaft is made more slender; the dimi» 
nution from base to capital less; the number of Hutin^ is increased 
(the best examples having twenty-four), they are also divided by a 
fillet, and channelled to a greater depth ; the architrave la 
comi>i>*ed of three bands or fasciae; the ornaments on the frieze, 
recallifig the wooden structure, are sopprei^seil; the denticuJuH 
replaces the Doric niutule; and each member and moulding is made 
more delicate in outline, as well as more elaborate in decoration. 
The Ionic does not appear at first to have been so diutinct an 
order: several instances exist, especially in Sicily, of Ionic columns 
with a Doric frieze; these are supposed to be very ancient. The 
earliest mention of the Ionic order, is met with in Pausanias, where 
he describes the Treasury at Olympia, erected by Myron the Tyrant 
«if Siovon, about <i50 b,c., as having two chambers, one Doric, the 
other ionic. Next follow the Temple of Diana at Ephesus, and 
the lleraion or Temple of Juno at Samos; of the first, we have 
nothing left but vague description; Uerodotui mentions the latter 



as being one of the most stupendous edifices built by the Greeks, 
and was completed aliout 540 b.c. 

The small tonic Temple on the Ilissus is one of the mo»t ancieut, 
the ruins of which still exist; the columns are only eight diameti 
in height, the upper torus of the base is fluted, and like tha 

Juno at Samos, the lower torus rests upon the stylobate wit 

intervening plinth. The capital is liimple but elegants the lower 
band has a graceful curve betM cen the volutes^ and the channeb 
have a double border. The entablature is two dii^meters in height; 
the arhitrave is plain without the utual fascia; the denticulus it 
also omitted. The frieze is supposed to have been originally 
decorated with bos-reliefs. 

We learn from Pausanias, that on the opposite eideof the llissua 
stood an Ionic temple dedicated to Eucfeia, or illustrious Fame. 
On the very ispot described, a t?ingular Ionic capital has been found 
built Into the wall of a modern edifice: no doubt this capital 
belonged to the "naos of Eucleia." The upper diameter of the 
shaft IS I ft« r65 in,; a star-like flower occupies the centre of each 
volute; the lower band instead of forming a continuous curve 
between the volutes, turns up again, each side terminating in a 
flower and two tendrails. Another flower is carved in the centre of 
the caiiital. As far as wc know it is unique, and probably of very 
early ante. 

In the celebrated Temple of Bacchus at Teos, built by 
Hermogenes, the columns are Sk diameters high, and of the two 
porticoes of tlie Erechtheion, those of the northern or Minerva 
Polias are 9, and those of the eastern portico 9X diameters in 
height. In another often-cited example, the Tempi© of Minerva 
Polias, at Friene, not one column remains entire; it is therefore 
impossible to ascertain the exact elevation. 

The bases and capitals vary in each example. In the Temple of 
Bacchus, the Athenian base is seen; in that of Minerva at Priene^ 
the Ionian: both these are proper to the order. The Atheniau 
consists of two tori, with a scotia between, separated by small 
fillets. The Ionian of two scotiie, with two astragids both ^ibore 
and below, as well as between them; over all is a large overhanging 
torus. This produces the unpleasant effect of being weak, and 
liable to snap below the heas^ torus. 

According to Pliny, the Ionian base was first introduced in the 
Temole of Minerva at Priene, and as this temple was completed 
and dedicated by Alexander the (.ireat, it belongs to a period when 
Greek art had already begun to decline, when a minute attention 
to detail had taken the place of general boldness of design. In 
the capitals of the Temple of Bacchus the channel connecting the 
two volutes has no border on the lower edge, but terminates in a 
horizontal line tangent to the commencement of the aeoond 
revolution of each volute. The Ionic order is found in its xnoit 
elaborate aad beautiful form in the double temple called the 
Erechtheion at Athens; but as this building will be described at 
length in another place, it is nut necessary to give it further 
mention here. 

In the Greek Ionic, the volutes present a flat face on the two 
opposite sides of the capital, the flanks or balusters being 
generally formed like two cones, united in the centre by aa 
ornamented band or fillet* In the angular columns the volutes are 
contrived to present the same face in flank as in front, and th© 
returns are likewise placed at right angles instead of on opposite 
sides. 

The third and most sumptuous order, the Corinthian, is more 
slender in its proportions than either the Doric or Ionic, "with an 
intention," according to Vitruvius, "to make the form of the 
column accord with the more delicate proportions of the maidea 
figure.** The invention of this order has been given to Calli- 
machuB, and the following pretty story is related by Vitruvius, as 
giving rise to the idea:— A Corinthian virgin, who was of 
marriageable age, fell a victim to a violent disorder; after her 
interment, her nurse, collecting in a basket thiise articles to which 
she had shown a partinlity wheu alive, ciirried them to her tomb, 
and placed a tile in the basket for the hniger preservation of its 
contents. The batsket was accidentaUy phiced on the root of an 
acanthus plant, which, pressed by the' weight, shot forth towards 
spring its stems and large foliage,' and in the course of its growth 
reached the angles of the tile, and thus formed the volutes at the 
extremities. Callimuchusf, hrippenin^ at this time to pass by the 
tomb, observed the basket ancl tlie delicacy of the foliiige which 
surrounded it. Pleased with the form and novelty of the combina- 
tion he took the hint for inventing tbe^e columns, using them in 
the country about Corintli," 

The merit to which Ciilliniacbus can really lay claim is to have 
fixed and determined the proportions of the Corinthian older more 
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a^enmtelj tb&n it had been dune before. The distin^sliing 
feature af this order is the beU-t»hfiped capital, ornamented witb 
fgJlA^cif a fomi repeated in endless diversity amongst the 
liiatifi more than 1000 years before the time of Callimachus ; 
'Jo«ephu9 tells U9 that the roof of the Hall of Justice in 
Solumoii's Palace waa supported by pillars of the Corinthian order. 
The beU-«baped capital frum its height, and its capability uf heing 
bi^bly ornamented, is particularly suitable to an order intended tu 
Buniaas all others In richness and lightness of elfect. and the 
diTOT^oca between the Ejbryptian lotus flower capital and the 
Greek Corinthian, is no more than would result from its adapta- 
tion by a people of taste and genius. 

The following proportions are kid down by Vitruvlus for the 
Corinthian capital: — ^^The height including the abacus is equal to 
the lower diameter of the columns^ and the diagonal line^ drawn 
from the opposite angles of the abacus^ is twice the height of the 
capital* AM the fronts of the abacus are of equal extent^ and are 
made concave, the central point in each front receding ^tb part of 
the extent comprehended between the anj^tes. The diameter of 
the capital at its base Ls the eame as that of the columns below the 
Mtragal and apothesis. The depth of the abacus is jth jiart of the 
whole height of the capital, the remainder is equally divided into 
three parts, one of which is oecupied by the lower leaf, the second 
Is ^ven to the middle leaf, and an eqoiil space remains for the 
caiulculj, whence those leaves shoot which projecting forwards 
Appear to support the volutes* The volutes spring from the 
It^vm of the cauliculi, and extend to the angles of the abacus: the 
lesser helices are carved in the middle of the capital below the 
flowers in the abacus^ and are made as large as the ueigbt of it will 
admit." 

How little these rules are applicable to the generality of Greek 
Corinthian capitals may be seen by referring to the two most 
perfect examules now remaining — the capital of the Choragic 
monument of Lydcrates, and that of the Tower of the H'inds, both 
in Athens.* If the rule always held good that the simple precedes 
the elaborate, we should ascribe to the latter the earliest date; but 
that is not the fact. The most ancient Itnown example of Greek 
Corinthian is a column in the interiiir of the Tem|jle of Apullo 

»Didyina»us, built by Pieonius, 479 e.c. The Choraglc monument 
of Lvsacrates was not erected till the year 355 b,c* In this capital 
the lowest row consists of plain water leaves; then follows a row of 
acaothua, with flowers between the leaves; above these are the 
cauliculi with large bold volutes, supporting the abncus. One 
great singularity in these columns is that the lutings uf the shafts 
terminate above in leaves. It has been supposed that the vacancy 
left between the shafts and the capital was originally occupied by a 
metal astragal. The Tower of the Winds at Athens, dates 159 
I1.C, but the beautiful curve of the bending water leaves, and the 
exquisite formsof the acanthus, mark this capital as a work ofptire 
Greek art. A similar capital was found among the ruins o^ the 
Boaotian Thehen, and another in the island of Milo has two rows of 
acmnthus below the water leaves. 

The Temple of Jupiter Olympitis at Athens is generally cited 
as an example of the Greek Corinthian in its most perfect form, 
differing but slightly from the rules of Vitruvius; but it is doubtful 
whether either this temple, or that of Jackly, near Myhi«a, cjin be 
said to be purely Greek. The Greeks never applied the Corinthian 
order to the exterior of sacred buildings, but confined it strictly to 
structures of a light and ornamental character, and to interior 
decoration* There are instances where the Ionic order has been 
employed in the interior of Doric temples, of one Corinthian 
column being placed at the end of the cella, as if to continue 
the gradation: this m as the c^se in the Temple of Apollo Didymsius, 
and in that of Ajpolio Epicurius at Bassap. 

Though the Temple of Jupiter Glympiua was originally com- 
manoed by Pisistratus, and fur a time continued by his sonf^ It 
was left a mere foundation until the time of Antiocbus Epjphanes, 
*00 years afterwards. We have no proof that it was originally 
intended by Pisistratus to be of the Corinthian order, nor is it 
likely that he should in that age have su far violated the feelingH 
and customs of the Greeks, m to hnve dedicated that light and 
festive order to the supreme divinity; beside.^, Pisistratus died in 
the year 527 b*c., and Callimachuj^, who ut any rate is allowed to 
have perfected the Corinthian, and given it those proportions m 
justly admired, lived at the end of the Pehiponnesian war, which 
terminated 404 B.C.; eo that it h difficult to believe that the 
capitals of these ctilumns were denigued more than a centurv 
previous to its existence, particularly when we compare them with 

* 6e« Stuftit tad BcTtU, 



those of the Choragic monument. When Antiochus Epiphanes 
undertook the construction of this magnificent edifice, he employed 
a Roman of the name of Cossutius, the first Italian architect on 
record: it was still however left unfmished, and was partly 
destroyed by Scylla, and at last restored and completed by the 
Emperor Hadrian, 700 years after its first foundation. 

1 he Temple at Jackly is open to the same objection, being alao 
of the time of Roman domination, when Roman taste had already 
begun to prevail over the pure and severe style of the Greeks. 
The Corinthian order is susceptibleof great diversity — the shaft may 
either be plain or fluted; the Attic base is usually employed. The 
upper torus is sometimes doubled, as in several exampleai in Asia 
Minor; the tori are generally enriched with the guilk»che or other 
ornament. The Corinthian entablature has nearly the same pro- 
portions as the Ionic, and, like this order, the frieze may either bo 
plain or elaborately adorned. The distinguishing feature of the 
Corinthian cornice is the modillion; but from the before-mentioned 
scarcity of examples of this order in Greece, it will be described 
more at length in treating of the architecture of Rome. 

I have now endeavoured to sketch the portraits of the "Three 
Orders," as they were practised in Greece; in my next lecture I 
propose to take a survey of Athena, as a type of an ancient Greek 
city, and as the principal school of art. I shall then proceed to 
describe the temples theatre^ and other principal edifices of 
Greece, showing the manner in which the orders were applied. 

LIST Of Atrmoamgi* 

YUj ttrloi.— Antlqtdtiei of AtJi#ni, 8iu&n*nd Itcv«tt«— AniLqiilUM of loula, Blltfllu)*! 
fl^Mi^ty vAititlqufU«« of M?Kuii Orn^cia, Wliklni,— An Inqutrf Into thu Pfitielplei of 
B««ttlj. Lanl Aberdpi'ti.-'EDi-jclopftrtlli M^ttliodlqu** Q, dtQuHncy — ArchlU^tturi JLM^eft^ 
Canlra — Tour In nnr«ci^ Ur. WoNtworth.— Traitlt kA OriHKc, Cl«rk«,— Trftffti Ui 
OrmtcTt Chui lleT.^Hi»t»rj of Ofeee«, Grote. 
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RKPORT OF THE COMMISSIONERS 

APFOINTFJ) 

THE APPLICATION OF IRON 
RAILWAY STRUCTURES. 

{Coniinued /rt^m page 116.) 

We owe some apology to our readers for delay in noticing the 
admirable series of experiments instituted by the "^ Iron Commis- 
sion,*' tu illu!!itrate the elTects of loads travelling along girders. 
The experiments may be divided into two classes — those performed 
at Portsmouth by Captain Jawes and Lieutenant Galton, and 
those perf(*rmed subsequently and independently by Professor 
Willis at Cambridge, 

In b(»th sets of experiments the principal characteristics were the 
rapid transit of loaded carriagej* over horizontal bars, and the 
method of iiroducing the velocity of transit by causing the carriages 
previously to descend an inclined plane by the accelerating fiirce 
of gra%'ity. The loaded carriages ran on a railway on the inclined 
plane, and the oblique descending motion was converted gradually 
into a horizontal one by connecting the inclined and horizontal 
portions of the railway by curved niiK which avoided the ahrupi- 
nem of transition from one straight line of rail to another. 

The motion of the carriage, then, previoudy to its reaching the 
beam to be dellected, is horizontal, and therefore comes on the beam 
under circumstances precii^ely analogous to those under which ai 
railway train in practice passes over a bridge. And yet the absurd 
speculations which have been hazarded on this point ! We have 
heard — but sincerely trust that our information is incorrect— of 
quaai-philoftophera undertaking to gravely, even publicly, criticise 
the method of experiment on this ground — that previously to 
coming on the beam the experimental carriage had acquired, by its 
motion on the incliije, a downward tendency or mmieninm^ ttkkh 
mit/ht htn^ been ike rmi mut^e <\f the increaw qf deflection qf the 
girder ! ! 

There is something almost ludicrous, if it were not very jntiable, 
in the fact that Professor Willis has had to defend himself agsiinat 
such caviUers at these — men, tmi, possessing some name and autho- 
rity. What can be said to clear up Much a hopeless confuiiion of 
ideas ? I^ would be idle to answer, that after the motion of the 
carriage has become horizontal, it in perfectly unatfected by any 
motion which it Imd a minute or a twelvemonth previously* We 
had, on commencing this paper, some idea of endeavouring to 
argue the point seriously, but further reflection shows the hope- 
lessness of the attempt* AH that can be done is to lament the 
pv&yBleot jgnonmcft cu sound dyiiaiuical principles which such *i 
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melancliuly exliibition indicates. En^neers iocur most serious 
responmbililiej* in providing for the security of railway travelling, 
which are faith fiiily discharf^ed by those only who poasesj* souad 
and scientific knowledg-e of meclianics — not by thoiie who content 
themselves with the inaccurate undige.<<ted notions which they call 
practiml kjiowkdge. Until such discussions as that above rii erred 
to^ have ceased, there will be always a well-grounded apprehen&ion 
that the assumption of Bcienttlic rank is a mere cloak of quackery, 
emjitricsm, ana prefumptuous incompetence. 

Of the two series of experiments upon the dynamical deflection 
of girders, those conducted at Cambridge bv Profess4>r Willis 
must be considered the most effectual for ttie discovery of the 
mechanical laws of this subject. It is not always the most direct 
experiments which are the most conclusive. Indeed, the great art 
of experimenting consists in abstracting various incidental causes 
which have no real bearing on the question at lAgue, but tend 
merely to complicate the results from which laws are tu be in- 
ferred. 

Of course this abstraction of incidental circumstances, which are 
of real occurrence in practice, must be made cautiously and on 
acientific principles, unless it be conclusively shown that the 
causes abstracted are immaterial, an essential link is wanting in 
the chain of argument deduced from the experimental results. 

In the experiraentti at Portsmouth the carriage travelled over 
two trial bars at once; in the Cambridge experiments over only 
one bar at a time. In the former series, the load during its transit 
elwayt pressed on two points of each bar at once; in the latter 
series only on one point. Now, the simultaneous employment of 
two bar?* introduces this difficulty — that, because it is impossible to 
have both exactly of the same rigidity^ one will be deflected in a 
different way to the other; consefpiently there will be, during the 
transit, a rocking or lateral oscillation of the carriage, which 
unduly affects the observed deflections. Again, if two wheels tif 
a four-wheeled carriage press at once on one bar — the bar being 
9 feet long, and the axles of the wheels nearly 3 feet apart— there 
is an inevitable complexity. For at the commencement of the 
experiment only the fore wheels, at the end of the experiment only 
the hind wlieels, press on the bars — part of the load being at those 
times borne by tne permanent railway bevond the bars : also the 
tlieoretical computation of the curves of defection, on the suppo^ 
sition of a simultaneous pressure on two points of the trial, would 
be of the mobt embarrassing nature. Consequently, it would be 
all but hopeless to attempt an exact comparison between the results 
of the Portsmouth experiments and the corresponding results of 
theory. 

Nevertheless, the series of experiments carried on by Captain 
James and Lieutenant Galtox were very valuable in themselves — 
for they exhibited distinctly the effect of the inertia of the beam 
in resisting its dynamical deflection. It was shown in the number 
of this Journal for September 1848, in the paper on TA/? DynamittU 
Deflection and Strain of Raiimiiti Gird*^r»^ by Mr. HuMKaNHAjtj Cox, 
that when the inertia of the load and bridge respectively bear 
anything like the proportions observed in practice, the increase of 
deflection due to the ordinary velocities oi the load is inconsider- 
able. But in the experiments at Portsmouth the dynamical deflec- 
tions greatly exceeded the staticid. The results were, indeed, of n 
nature to surprise those who had not maturely considered the whole 
question; but this apparent contradiction of the daily exnerience 
of railway travelling ceased when it was reflected that tlie trial 
bars were purposely made very Ijf ht, so that their deflections might 
be large and easily observed. The relation between the sustaining 
and moving masses entirely differed from practical proportions* 
and the beam possessed so little resistance of inertia (to adopt 
loose phraseology) as to bo susceptible, in an excessive degree, of 
dynamical influence. 

In the experiments conducted by Professor Wilms, several 
refinements were introduced, and a beautiful mechanical con- 
trivance was empbiyed by him, which showed, with great precision, 
the effects of inertia, and explained *' the great and startling in ere* 
ments of the deflection" above referred to. Tlie contrivance in 
question was tenned by the Professor the Iiiertud Balance, 

The mechanism of the Inertial Balance consisted of a loaded lever, 
carefully poised at its centre of gravity on a fixed fulcrum, and con- 
nected by other multiplying levers with the centre of the trial barj 
so that for a slight deflection of the bar the I ^aded lever must neces- 
gariJy turn through a considerable angle. Now, it is apparent that 
bv this contrivance tiie inertia of the beam was increased, but not its 
elastic strength. For as the balance was poised, it could have no 
statical cff"ect, except that due to friction of pivots; and accepting 
the friction as inconsiderable, a weight at rest on the trial bar 



would produce the same deflection whether the balance were 
applied or not. But though the statieal strength of the trial bar 
remained unaffected, its dynamical strength might be increased ad 
libitum; the moment of inertia of the loaded balance was ^sikXj 
comparable by known theorems of mechanica, with the effect A 
the simple addition of increased maas at the centre of the bar— • 
such mass acting by its inertia only, and not by its gravity. 

The balance was provided with two shifting ** bobs," of equal 
weiglit, which, as they were always placed at equal distan<?es mim 
the fulcrum, counteracted each other's weight, but increased at 
pleasure the moment of inertia. 

It would require too much space to describe all the other refinid 
and ingenious contrivances which were applied by Professor WilKif 
to secure the correct registratiim of the results. We must refif 
to the Report itself for an account of his methods of determtntng 
precisely the velocity of transit, and of applying tracing pencils at 
different points of the trial bar, so as to show the dmultaneoui 
deflection* at those points during the whole transit. 

We have no little gratification in finding that the praetiml 
results, deduced by the combination of his labours with the beautiful 
investigations of Professi>r Stokks, agree identically with tho«e 
predicted in this Journal two years and a half ago, in the paper on 
The Dt/namtcal Deflection of Girders. In the * Cambridge Transac- 
tions* for the year 181-9, Professor Stokes, after giving an analytical 
series for expressing the relation of the dynamical to the statical 
deflection, in terms of a quantity ^3, expressing the effect of centri- 
fugal force, adds, '* In practical cases this sericfi is reduced to 

1 -|^-g , The latter term ia the same as would be got by taking 

into account the centrifugal force, and substituting in the small 
term invcdving that force the radius of curvature of the equilibrium 
trajectory for the radius of curvature of the actual trajectory. 
The problem has been already considered in this maimer hy others 
by whom it has been attacked/' The method here explained is pre- 
cisely thiit which was given in this Journal^ which contained the 
only other investigation of the problem published. 

Professor ^Villis also gives numerical results for comparing the 
two kinds of deflection, whicli agree exactly with our own, except 
that he has given the ratioi in decinmla which we gave as vulgar 
fractions. 

Both Professors Willis and Stokes object, however, to one 
conclusion in the **able paper by Mr, Cox." In the ^Cambridge 
Transactions,' Mr, Stokes s liberality of feeling towards other 
labourers in the fields of science, induces him to speak of the paper 
as one in which ^^the subject is treated in a very striking and 
original manner;" but he adds, that **nmong the sources of labour- 
ijig force which can be employed in defecting the bridge, Mr. Cor 
has omitted to consider the m virni arising from the horizontal 
motion of the body:" and proceeds to show that taking tho 
horizontal acceleration into account, it is theoi-etimlhj possible that 
the deflection may be under certain circumstances more than 
double that wliich could be maintained statically. 

Of this theoretical truth there can be no dispute, nor of the 
accuracy of the argument alleged in its support. A single oh^r%*a- 
tion however will be sullicient to remove the apparent discrepancy 
between the two independent investigations. That of Professor 
Stokes treated the subject in all its theoretical generality with the 
aid of all his analytical powers, and was addressed to a mathematT 
audience. The investigation of Mr. Cox was intended for pract 
engineers, and therefore regarded the subject with those lin 
tions respecting the inertia of the beam which practice imp 
When thete limittttiojw are introditce*l^ the results of both papers < 
iderUical* The opinion of Professor Willis is conclusive on thii 
point: speaking of the paper in this Journal^ he says: — ^"The 
nuthi>r has employed methods of approximation which, althongli 
they have not apparently vitiated his results m far wt realbridgu 
are concerned^ would cause them to fail utterly if applied to the 
interpretation of experiments such as those contained in the present 
volume," — That is, experiments in which the ratios of the mass of 
the beam and load altogether differ from those ordinarily adopted. 
Moreover, it is to be observed that the object of the paper in thia 
Journal was the discussion of the deflection of the girder at tlie 
ct^xinii; and for that point the conclusions of the paper still 
holds, even when the additional consideration of horizontal ac- 
celeration is introduced. 

The observations are made not merely from personal feeling — ^for 
that would be amply grati6ed by the acknowledgment made of our 
labours — but also to show how materially the whole question it 
affected by the relation of the moving and sustaining masses* 
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Among tbe experiments in rortsmoulli Dockyard we find a series 
for determining the deflection of Ijars, subjected to the '■'sudden 
application of weight witliout impact/' and another Beries for deter- 
mining: "the effects of a camber or upward convexity of the beam " 
Both these fierie>5, thonjrh the fact ig not alluded to in tlje Report, 
wer« suggested in this Journal^ by the paper above referred to, in 
the sections discussing the eifects of ijutantnneous lofiduifj and the 
effects of ceiiirifugal /(yrce: the experimental results amply confirm 
the conclusions* arrived at in the paper. 

The whole question of the dynamical deflection of girders must 
now be considered as set at re>t. It is quite obvious thut a 
thoQsand circumstances occur id practice wUich would vitiate all 
theoretical conclusions as to the very minute quantity which the 
excess of dynamical over statical deflection is shown to be. A 
very slight original curvature of the beam, its imperfect elasticity, 
a bad joint of the rails, the pulse of the engine even, would sset all 
mathematics at defiance. However, a great service has been 
rendered by the investigation; the value of the result is in nowise 
diminished because it shows the effects of velocity to he incon- 
siderable. Next to security, the most important requirement of 
railway travelling is a conviction of security. It is the reasonable* 
ncfis of such a conviction, long ago demonstrated in these pagea, 
which the admirable labours of Professors Stokes and A^ ilws. 
Captain James and Lieutenant Gai.ton, have elucidated by means 
of experimental induction. 
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SUPPLY OF WATER TO THE i^IETROPOLIS. 

On the means of Suppit/ing the MettopoHtt with Pure Water and in 
ample quantity* By Air* Jou?r Pvm. — (Paper read at the Society 
of Arta.) 

The author commenced by stating that the water supply of the 
itieiropolis is derived from three sources: — the New River, the 
Thames^ and the Lea; wells sunk to diflerent depths in tho Lundon 
clay, sand, and gravel; and Artesian wells. Of the water thus 
obtained, that from the Thames is impure, that of the New Riv er 
almost as bad for a great part of the year, whilst many of the wells^ 
Mnf impregnated by drainage from burial-grounds or sewers, 
yield water of a decidedly pernicious quality. Artesian wells;, 
tliai is, wells sunk through the Loudon clay into the chalk, produce 
excellent water; but only of limited quantity, the supplv failing 
ia dry weather, and being seriously affected if a deeper well be sunk 
in the neighbourhood: indeed, it appears certain^ that if all the 
water lying in the chalk of the London basin could be brought 
to the surface, it would fall short in quantity of that required. 
The question which the author proposes is, how to obtain a suffi- 
cient supply through the medium of these wells; and his plau is 
ai follows: — At a given distance from the Thames, on each side 
thereof, to sink down to the chalk a series of shafts, and form 
a short canal from the mouth of each shaft to the bank of the 
river, at such a level that when the tide is at a given helfi:ht, tho 
water will flow into the shafts; whereby an immense supply woulrf, 
twice a day, be given to the chalk basin. Other shafts are to be 
sunk at small distances from the former ones, up which the filtered 
water would rise, as into inverted syphons, till near the level 
of the Thames; and from these ascending-shafts it should be dis- 
tributed by steam-power. By this plan, the chalk stratum of the 
London Basin, extending from Highgate to Forest Hill, would be 
converteil into a large filter* A abaft of the diameter of those 
of the Thames Tunnel would probably filter a quantity of water 
equal to that supplied by the New River. The shafts might be con- 
verted into preparatory filter-beds by filling them with sand and 
gravel. The author considers that the water being thus quicklv 
mtered through the chalk, would not become so impregnated witn 
lime as the water usually got from Artesian wells, which has lain 
in it for a length of time. This plan would allow of the existing 
mains, pipes, &c<, of the water companies being used as before* 

The autlior stated, as an example of the absorbing properties of 
the chalk, that farmers, on or near the outcrop of the chalk, 
frequently sunk shallow wells, which served as drains and removed 
a large portion of useless surface water. 

It was stated that the water from the Artesian wells contains 
three times the amount of chemical impurities of any of the waters 
from the streams around London: the water of the Lea contains 
twelve grains of lime to the gallon; but the water from Artesian 
wells, in addition to lime, contains sulphate and muriate of soda, &c* 




THE BARROW MONUiMENT, ULVERSTON. 

This interesting testimonial to the late Sm John B arrow has 
just been comnj^nced in the immediate neighbourhood of hia birth- 
place — Dragley Beck, near Ulverston, A public subscription was 
raised for the purpose, amounting to upwards of loouV., and the 
whole is erected under the auspices of the Board of Admiralty. 
The type of the memorial, as will be seen in the elevation and sec- 
tion given in our next page, is to be found in the well-knuwo Efldy- 
stone Lighthouse, and, like thttt stately beucon, it will be a highly 
serviceable sea-mark in the difficult and dangerous navigation of 
Morecambe Bay,. The plan of the building is circular, about 45 ft. 
diameter at the ba^e, and tapering gracefully to a lantern, 19 feet 
diameter, and finished by a dome. The extreme height is 100 feet. 
For the substantial walling the material used is known as '^Trap" 
stone; the facings, &c* of Birkrigg limestone. A seat will encircle 
the loot of the tower at the exterior, and the various levels of the 
interior will be reached by a geometrical staircase. The highest 
room is intended for an observatory, and will be so constructed 
that it may at any time be easily converted into a lighthouse. 
The first stone was laid on the 15th inst, by Sir George Barrow (of 
the Admiralty), assisted by his brother, Mr. John Barrow, in the 
presence of avast concourse of spectators. The design and super- 
intendenee are committed to Mr. Andrew Trimen, architect, of the 
Adelphi; and the contrjictors are Messrs. Smith and Appleford, 
also of London. 

Plin JL 




run n. 



Plan a 



From the elevated position of the monument it will be con- 
spicuous on all sides for a considerable distance. It has been 
ascertained that an unobstructed view of one of the finest bays in 
Europe, the Bay of Morecambe, from Green Odd round to the 
entrance of the buddon, will be gained from the observatorv of 
the Tower, with the exception of only about 1900 yards, which 
will be obscured bv the highest point of Birkrigg. It also over- 
looks the Me of Slan, and the coa^t of Wales irom Liverpool to 
Anglesea. 

The ceremony was attended by every token of rejoicing; and 
a sumptuous dinner closed the festivities of the iwcasian. 
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PREPARATION AND APPLICATION OF GYPSUM. 

On ihe Fitcuiiar and DUtinctive Chftracter of the Gi/pfmrn found 
nettr Pari>, nntl iU Preparation and ipplication aa a Vlastrr. By 
GeoAoc H. BuKNELL, C.E, — (Paper read »t the Royal Institutt 
uf British Architects, April 8th.) 

AM0f*f<5«T the local advantag-es enjoyed by our professional 
brethren of the French capitriL that afforded by the unlimited 
supply of a very euperior deacriptii»n of plaster may be ranked 
as one of the most important* The facilities afforded by the 
raiWay, and steamboat, transit having at length put us (to a 
certain extent) Ufion a footing of equality in this matter with 
tbem. it becomes important to examine the natnre of the ma- 
terial thus offered for our ti&e. 

Regarding pl&ster mechftniealh% it may be considered as a 
species of lime, »*bich is susccptiid© of being employed without 
admixture with any other ingredient than water; and of attaining 
with singular rapidity, a moderate degree of hardnesa. Thene 
qualities would render its einphiyment in all cases xer^* desirable, 
were it of a nature to resist the inftuences of the atmosphere* 
But unfortunately it is utterly incapable of resisting the effects 
of humidity, when used alone. 
H Chemically, plaster may be rtefineil, in a manner able to include 
PbU its varieties, as being a dehydrised sulphate of lime^ or that salt 
from which the water of cryatailjKation has been driven ftff by heat. 
The sulphate of lime i«' very plentifully diatributed through 
nature^ in numerous position??, and in very large quantities. ''It 
11 found either cryslallisied, fibrous, massive, or earthy; the varie- 
ties which assume a definite cry^stallisation are diittinguiybcd hy the 
name of &elenite; those which are amorphou«, or earthy, are 
known by that of gypsum: the name^ are, however, frequently 
confounded* When crystallised it assumes the form of a straight 
pri^m of a rbomboidal base, whose angles vary from US'' 5' and 
60^ 3', to 113° 3', and 6G'' 59f, terminated by oblique angled prisms* 
The natural joints are very visible; the crystals are generally traus^- 
parent with a shining pearly lustre; and are of various shades of 
white, yellow, g^rey, brown, red, or violet cohnir. Sulphate of 
lime isniuch softer than the carbonate, and it yields easily to 
the nail. Its KpeciHc gravity is about 2*31. M^fien pure it con- 
tains 32*7 per cent, of lime; 46*3 of sulphuric acid; and ^1 of 
water. 

The crystallised selenite is found at Alston, in Cumberland, and 

ID great abundance at Shotover-hill, in O x ford sih ire. It also occurs 

_iD considerable quantities in all argillaceous deposits, in detached 

K^ystala, but hardly ever in veins. It is said occaBionally to tra- 

VVerse fissures in the primary rocks accompanied by mineral veins. 

In Derbyshire, and some of the mines of the ilartz and Hungary, 

it is found in remarkably long slender fibres, which are generally 

aaaociated and curved. At jilathjfk, a variety with straight fibres 

is met with, which is of remarkable brilliance and beauty. 

The massive sulphate of lime is termed alabaster, on account of 
its resemblance to the material properly so called, although this is 
in fact a stalactical carbonate of lime. The real^ or oriential, ala- 
baster was much used by the ancients for the purpose of statuary, 
I and was extracted in Inrge quantities from the mountains of Upper 
'Egypt. The variety of the sulphate of lime, which i« at present 
used under that name, is principally obtained at Mount Cenis. 
Granular massive gypsum is found overlying the most recent of 
H the primitive rocks, and sometimes it is said, enclosed by them. 
Kit is found in Siberia mingled with mica, felspar, and serpentine; it 
Hipceura between two beds of gneiss near St. Gothard. and also at 
HBellinzina in the Alps, and also near the Mount Cenis; and at 
^^Moutier, near Mont Blanc. It generally accompanies the car- 
« bonate of lime formations; and is largely found in connection 
with the aaliferous system. In Scotland, it covers the transition 
rocks; in Derbyshire and in the midland counties, the gypsum {% 
alsa found in connection with, or contiguous to the salt rocks; in 
the north of Spain, and in Tuscany, the same co-relation is to be 
obaerved. The gyy>seous and saliferous formations of the Pyrenees 
arc, equally with the anulagous formationa in England, of the 
ceeoudary series; those of Tuscany are of the older pliocene era; 
whilst the most important deposits as the sulphate of lime, namely, 
those near Paris, are of the eocene format ions, according to Sir C. 
Lyell's classification. It is, however, to he observed that the 
■Acondary strata, with which the gypseous rocks are connected 
in Bnglaod, are of the early secondary divisions; whilst in Spain 
ihey are only found associated with the chalk, or occasionally with 
a formation similar to the tertiarv sub-Appenine rocks. 



cases between the gypseous and the saliferous rocks, js a sul^ject 
which appears to merit a more elaborate investigation than it has 
hitherto received. Whenever rock salt is met with, in eithet th:> 
secondary or the tertiary deposits, the gj^psum always accompanies 
it, in an mfinite variety of forms. It is true that in some cases the 
gypsum is met with unaccompanied by the salt; but then the absence 
of the latter would appear to be accidental, excepting in the Pari-^ 
basin. The gypsum is found in the same uositions; the rocks pre- 
sent the same appearance; and the strata have the same structure. 
For instance, at St. Leger sur Dhune, in the department of the 
Soane and Loire, the gypsum is found alone in the marnen iru'^es^ 
or the upper new red sandstone and red marl of our technicology ; 
they are also found near Aix, in Provence, in tertiarv strata. 
But in both these cases they assume the forms, and all the litho- 
logical chHracteristics of the saliferous system ; so much so in fact 
as almost to warrant the term of salt rocks without savour. The 
structure of the saliferous gypsums is undulated and mammillated ; 
their texture is fine, compact, often crystalline, and they differ 
from what are considered as sedimentary deposits of gypsum, such 
as those of the environs of Paris, by a degree of whiteness, and 
purity from extraneous ingredients, which fully warrants the sepa- 
rate classification of the gypsums into those connected with the 
salt deposits, and those which are purely and simply sedimentary. 
One very remarkable appearance is presented by the saliferous 
variety which never occurs in the sedimentary; namely, we often 
find in it mas-^es, the centre of which is composed of the anhy- 
drous gypsum, whilst the exterior only has hydrated; as though 
the total mass had been formed in the anhydrous state, and the ex- 
terior bad combined with the water at a subsequent period* 

We have an excellent opportunitv of tracing on a small scale 
the class of geological phenomena which accompanied the forma- 
tion of the saliferous gypsum in the duchy of Tuscany. Near 
Volterra and Castellana, arlTfound some of the purest of the false 
alabasters, which are principally worked at the latter district. It 
is found in glandular masses, enclosed in three beds of a greyish 
crj'stalline gypsum, which somewhat resembles the beds of the 
same nature near Paris* The masses found near Castellana are 
the purest, and present in the highest degree the whiteness and 
tranalucence which are sought for in the modern use of alabaster. 
At Volterra they are less pure, and are found dispersed in the grey 
and blueish nmrls, known under the name of "mattajone/' These 
marls are very much ctmtortcd; and at Volterra itself they are in- 
clined, and upraised. They belong to the sub-Appenine formations 
of the tertiary period; and occasionally ihey give rise to brine 
springs, which have led to the formation of large salt works. 

The most remarkable feature of the saliferous formation of 
Tuscany is the purity and the mass of the gypsum. The whole 
formation is evidently stratified; whether we tind the gypsum in 
detached rounded masses, with mamillary faces, enclosied in the bed* 
of marl, and succeeding one another at irregular distances, in the 
direction of the stratification, like the nodules of septaria in the 
London clay; or whether it constitute tliipk beds intercallated be- 
tween the marls, and exposed to all the accidents of stratiftcntiou 
which affect them. In no cases are the marls affected by purlurba- 
tiona, or alternations, which might lead us to suppose that the gyj*- 
sum had been introduced subsequently to their deposition. The 
gypsum is evidently stratified, and contemporaneous with the 
mattajone; the an>ygdalordal character of the nodules can then 
only he attributed to the affinity of the molecules, brought inti» 
actiun by specific causes which affected the waters in which they 
were in suspension. 

The rock salt appears to be disposed like the gypsum, according 
to the lines of stratification of the whole formation. It ia worked 
from wells; one of which, executed near the factory called '^^Moye,'* 
presents the following beds:— 

ft. In. 

1, Blue mArl, c«TiUln!ng isodulei of »lalMitcf, wUcll la iboai (In tblckncM) 144 4 

2. Rock»alt, *........ 1^7 

:i. Marl, wiUi ifyp»am , W 7k 

4. S&lUerau^ mu-l, iibout [la tlilckacit) •.,,»,..,....* '■ 14 I 

d. BliitffnArl », ., .«* ^^ 

f). SalirerouB ronrl „ .....«* ..........*« «• ^^ 

7. Ctyfitfiiiii marl „ ,* , .,,•.,.. *•*.>. 26 



B, Rock ■alt, (grtaletl dtptuSt) 
9, Blue TOArU 



41 «» 



Now the nature of the causes which led to this intercallation of 
the salt and g)'psum between the strata of this formation (one of 
the most recent of the saliferous deposits), appears to be inti- 
mately connected with the existence of the lagoni of Tuscany, 
which are the last traces of a aeries of phenomena acting, in all 
probability, with much greater energy at the epoch of the deposi- 
tion of the tertiary strata. These lagoni are eruptions of atjueoua 
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vapour at ft temperature of 105 to !20 ceutrigrade. They burst 
forth with violence from fissures in the ground, and rise in white 
columns from 30 to 6G feet from the earth. They are accompanied 
hv a strong odour of sulphuretted hydrogen; they alter the rocks 
tney approach, and deposit in them crystalline or concreted gyp- 
sum, occasionally mUei with sulphur and boracic acid. 

The lagoni are found in ^oups of from ten to thirty, nearly in 
a straight line extending from the Mount Cerboli, Ca«tel Nuovo, 
and Monte Rotondo; aa though they followed the direction of a 
fault, or dyke whose length is from 20 to 25 milea. The boracic 
acid they contain is extracted by means of the heat of the la^oni 
ihemselvee, which are made to evaporate the waters drawn into 
hasins for that purpose. But the most interesting geolog-ical fact 
connected with them it* the influence their vapours appear to have 
in the formation of the sulphate of lime; which accumulates In 
small crystals, or in crystalltne masses in the marls, and the eal- 
carcerous strata they travertiie. 

If such lagoni had acted upon the gulfs or the lakes of salt 
water, of the tertiary period, it is easy to account for the alterna- 
tions of the gypsum and the rock salt in the sedimentary deposits 
of that period. The gypsum, whether crys^talline, in small heds, 
in mamillary, or botryoidal nodules', which* are dis^minated in the 
marl beds, would naturally result from the phenomena of affinity 
of which we find instances in almost every formation. The gyp- 
seous strata we may consider as representing the epochs of activity 
of the vapours, and of the disturbance of the waters; the saliferous 
strata would correspond with the epochs of tranfiuility, during 
which the evaporating powers of the jets exercised alone their in- 
fluence. The presence of the borates of magnesia (which nre 
sufficiently common in gypsums) may be explained also by the 
nature of the lagoni in actiivity at the present day. 

The gypseous formation of Paris differs from all those we hare 
hitherto considered on many accounts^ Geologically a very marked 
distinction is to be made, inasmuch as from the manner of its for- 
mation, its stratification, and the shells it contains, we are led to 
believe that it was produced by mechanical deposition rather than 
by ©hemical separation^ like the other formations. The rocks now 
to be examined form a portion of the immense tertiary deposits 
which fill a depression in the chalk, ealleil, from the fact of Paris 
occupying its centre, the Paris basin. An adventitious interest is 
communicated to this formation from the fact of its having led M. 
M, Cuvier and Brogniart to propound the doctrine of the superior 
importance of the study of organic remains, to that of the litho- 
logical character of a Heposit; a doctrine, it is true, previously 
propounded by our countryman Smith, but the superior knowledge 
of the French geologists in comparative anatomy, and conchology, 
placed the ciuestion beyond doubt. The Paris basin was the first 
which was distinctly classed as a tertiary formation, and the an- 
nouncement of this clasificalion gave rise to the researches which 
led to the discovery of similar deposits in many other parts of 
Europe, There is also a chemical difference between the Paris 
gypsum and any of the saliferous gypsums hitherto noticed, viz. — 
taat it contains as much as IS per' cent, of carbonate of lime in 
combination. This appears to communicate to it the much superior 
power it possesses of resisting atmospheric cliange. Another differ- 
ence lies m the mechanical structure, fur the Paris gypsum is the 
hardest know*n, except perhaps that found near Girgenti, in Sicily, 
which, according to Rondelet, a most conscientious authority, is 
£tiU harder. We do not^ however, possess any details on this 
stibjeot. 

The gypseous deposits near Paris form a very distinct and easily 
identified group, or subdivision, which comprehends (at the same 
time as the gypsuni) alternating beds of marl, either ciil car eons or 
argillaceous. These beds follow an order precisely identical 
throug]»out the whole district, from the neighbourhood of Meaux 
to Meulan. Sume beds are absent in particular cantons ; but those 



which nre still to be met with occupy the same relative positions. 

The gypsum immediiitely overlies the calcareous beds Cuvi< 

designated as the *'calcaire mariu;" and their appearance in tl 
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landscape in the neighbourhood of Paris is very remarkable, even 
in a picturesque point of view. They cap the Inlh of the older and 
harder formations; and appear to have suft'ered more severely from 
the denuding effects of the cataclasms which gave rise to the 
existing valleys, than the subjacent rocks. They thus form, as it 
were, a second range of hills (sometimes conical, as at Montmartre, 
Les Buttes Dorgemont ; or elongated, as at Chaumont and Belle- 
ville, Triel, &c,) superposed on a first series of hills, bearing all 
the charucteristic marks of the calcareous ranges. 

We find at Montmartre and at Belleville, where the formation 
txUU in the most perfect developmenti that there are three maaees 
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of g5T)sum of various thicknesses. The lowest mass, situated Iminfr- 
diatefy upon the ^^calcaire marin" is composed of beds of gypfitun of 
feeble thickness, containing a large proportion of selenitous, or cryw- 
tallised gypsum, and alternating with beds of calcareous marl, of a 
very solid character, or with argillaceous marls in very thin Ajdces. 
^metimes a deep bed of white fresh-water marl is snterpowd be- 
tween the gypsum and the upper courses of the ^ calcaire marlo." 
The number of the beds at g)fp8um in the lowest raasa is five; 
their total thickness is not more than 7 ft. 7 in. This mass ii 
seldom worked; for the double reason, that its extraction is very 
difficult, and the quality of the plaster it yields is decidedly infe- 
rior to that of the unper masses. But it is to be borne in mind, 
that the thickness and the number of the beds in the lowest mass 
are very variable. Those quoted above are obtained from the 
quarries called '' L'Amerique," at Belleville; at ^lontmartre the 
total thickness of the beds of gypsum and the marls is from thirty* 
three to thirty-six feet, measuring from the upper bed of gypsum 
to the bed of white calcareous marl. There is, however, some- 
thing exceptional in the nature of this third mass at Montmartre, 
inasmuch as it has never been observed to pass under the others, 
and it occurs in a detached hillock, rather towards the east. lU 
bedii are not horizontal, ^ut decidedly inclined towards the eoutk- 
west. 

The second and third masses are separated by a set of beds of 
marl, whose thickness is about five feet« Like the third mats, it 
is composed of a series of beds of gypsum, intcrcallated with 
marl in variable thicknesses, and without definite order; that is to 
say, that the marl beds are wanting in some localities, whilst they 
are very numerous and powerful in others. The greatest thickness 
which the second mass exhibits is met with in the quarries at 
Montmartre, w^here it sometimes attains as much as 33 feet. At J 
Belleville, the height is, however, rarely more than I9ft. 6iiL; I 
and it afifords eight workable and useful beds: the irregularities in 
the thickness appear to be, however, more owing to the beds of 
marl than to those of gypsum, which present a very striking uni- 
formity. The second mass yields a stone which makes excellent 
plaster. One bed in particular, found at Belleville, and called by 
the quarrymen *'le gros banc," three feet in thickness, is often set 
a^^ide for the purpose of making plaster for the exclusive iiae of 
statuaries or artists. 

The first mass is the most important, and also the most widely 
distributed. The lower masses are wanting iu many localities, as 
at Triel, where the first mass rests immediately upon the marls 
and clays interposed between the first and second masses in Moiit^ 
martre and Belleville. At Montmorency there are two maases; 
but in aU cases the relative superiority of the first mass, both in 
quantity and freedom from mixture of the marl bed% is very 
remarkable. In some cases, as at Dammartin and Montmorency, 
this formation occurs immediately under the vegetable soil. At 
others, as at Belleville and at Montmartre, it is covered br a aeries 
of beds of sands, clays, argillaceous and calcareous marls, wliieh 
attain as much as from 1 10 to 120 feet in thickness. A somewhat 
similar set of beds of marls and clays forms the floor, separaiiog 
the first from the second masses of gypsum; its thicKneas is 
variable, but may be taken as being about 10 feet on the average. 

The upper beds of the first mass are strongly impregtiated with 
marl, and this latter substance even iutercallates with the gypsum 
with sufficient regularity to enable us to follow the respective 
strata over great distances. They are soft; the workmen group 
them under the nam© of **les cbiens;" and they yield a very infe- 
rior plaster if burnt alone. Their united thickness is about 5ft. 
(iin.; and they are six in number, in some of the quarries at leasts 
never being fewer than five. The intermediate beds whose number 
and thickness is the most exposed to variations, are divided natu- 
rally into large manv-sided prisms, which have procured for them 
the name of *Me8 hauts piliers" among the quarrjTneii. Their 
united thickness is about 35 feet; the quality of tfce stone they ^ 
yield differs somewhat, and care is requisite in the burnuig to ■ 
secure a plaster of uniform quality. The bed called **la cormic,'* 1 
about 2 ft. 9 in. thick, is very hard, and it requires to be mixed 
with the softer beds to make a saleable article. Two others, **le9 
battaillon ' and "les rousaes," are reserved for the special use of 
statuaries. The lowest beds of this mass contain much stlex, 
which even at times seems to shade off as it were into the gj^psum, 
without our being enabled to say precisely where the one begins 
or the other ends. The plaster made from them is <if rather an 
inferior quality compared with that obt^ned from the interme- 
diate beds. 

The lowest mass contains at times, especially in the associated 
marls, marine fossils, and large i^rystals of selenitic gypsum. The 
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I eoBtaiiii lb«il remains of fiih, without any other traces 
of ttilaial life; tlie marls also contain at times kidney-shaped 
Bodttles of the sulphate of strontian. In the first mass are found 
the munenms remains of extinct birds, animals, plants, and shells, 
which render these formations so celebrated in a geological point of 
view. On the north of Paris they are preserved in the gypsum 
itself, and they retain a considerable degree of consistenccL being 
only ■arrounded by a thin coat of marl. On the south of Paris, 
howerer, they are often found in the marl beds, and are then veiy 
Mable. The fossils of mammalia are exclusively confined to the 
tnt maH, and in no instance are they met with in any of the 
lower diTisions. In the lowest, fossil trees have been found, and 
freeh-WBter shells in remarlcable abundance. Cuvier fives a list of 
Unirteen extinct species of mammalia, three or four birds, three 
repifeflesi, and three or four species of fish: Lyell gives a much 
greeter number. 

Now, the immense development of these gypseous formations, 
aiMl the total absence of any traces of salt throughout the whole 
extent, as well as the nature of the fossils they enclose, lead us to 
beUere that they must have been deposited under different circum- 
stances from those which gave rise to the saliferous gypsums. An 
examination of the phenomena connected with their probable 
geoloffical history would lead us into discussions which might be 
eonsldered out of place here. Those who may be desirous of 
itndrinff the question more thoroughly are referred to Sir C. 
Lyeu's * Principles of Geology.' In the chapter upon the eocene 
ibrmationB of the Paris basin the question is tullv treated, with the 
deganoe, eloquence, the power of ^ouping ^cts, of adorning 
detflilay which in Sir C. Lyell's case gives to science all the charm 
of romance. Suffice it to say, that the present theory of geologists 
leads them to regard the g^eat mass of gypsum, in this district, 
^ as a pnrely fresh water deposit, produced by a river whose waters 
were highly charged with the sulphate of lime, somewhat like 
La Fnune Salso, in Sicily." 

The method of raising the plaster stone differs, of course, with 
the circumstances under which it is found; that is to say, it is 
iometimea got by means of open cuttings, or by galleries, worked 
either from the hill side or by wells. 1 he peculiarly abrupt man- 
ner in which the spurs of gypsum terminate upon the heights round 
PariSp renders the mode of working from galleries driven into the 
hill face the most usual. At Montmartre, Triel, and Belleville, 
the qoarries are all worked in that manner. The regulation of the 
qnames is, like everything else in France, subject to a very scien- 
tific and inquisitorial supervision on the part of the government. 
The service of the mines is under the control of a special body of 
engineers, called ^'Les Ingenieurs des Mines," who are charged to 
immre the public safety and the lives of the workmen, which might 
otherwise l>e compromised by the mining operations; to defend the 
i^ts of the state to the discovery of the precious metals; and 
soDsidiarily to ascertain all geological facts which might influence 
the national wealth. The consequence of this organisation is, 
that the statistics of French geology, if such a term be allowed, 
are classified in the most wonderful manner; nn instance of which, 
by the way, is to l>e found in the geological man and explanation 
published under the direction of M. Klie de Beaumont. How- 
ever, quarries in open cutting are worked by the proprietors of 
the land, without any control on the part of the engineers of the 
mines; and they are simply under the control of the police. When 
they are under ground, the quarries are under the special control 
of the engineers, and the principles which regulate their working 
are those laid down by a decree of Napoleon s, dated March 2nd, 
1818. Rigorously, the stone or gypsum quarries ought to be 
worked with something like the regularity of a chessboard; the 
galleries l>eiiig 15 metres, or about 50 feet wide, with piers at 
equal distances of 10 metres, or S3 feet square. In practice this 
mathematical precision is neglected; but it may be considered as 
the average manner of working. The quarry-cap of the gypsum 
does not admit of being left with so wide a bearing as 50 feet, as 
migfat naturally be supposed. A small heading is then driven in 
the bed, called the "souchet," by a man lying flat on his back, for 
the bed is only 1 ft. 8 in. deep, who leaves the upper bed, '4e banc 
be grand abattage," unsupported in this manner, for a width of 8 
feet. For this very pain/ul work the miner, called in this case the 
^eaveur," is paid at about the rate of is. per foot forward; he find- 
ing his own picks, the proprietor the candles. The other beds are 
then raised by wedges, oars, or gunpowder, as may be required. A 
p^ood quarryman can raise about 9 yards cube per day, of the first 
mass, and about 5} yards of the two lower masses, when the work- 
ings are in aaUery. 

We liave before seen that the quality of the gypsum is not the 



same through the whole thickness of the different masses. Great 
care is then required in mixing the different sorts of stone, so 
as to secure an uniformity in the plaster obtained by the burning. 
Some of the beds are reserved for special uses; the hard beds, in 
the remaining portions, require to be mixed with the softer ones. 
As might naturally be expected this variety introduces a compli- 
cation in the manufacture, which frequently gives rise to improper 
fabrication, and opens the door to much fraud. Indeed, the fabri- 
cation of plaster near Paris, still more in the departments, is liable 
to all the reproaches we so unsparingly address to our own cement 
manufactures. Such must always be the result of unlimited compe- 
tition, and as long as price is made of more importance than quality 
such they will remain. 

The mode of burning usually adopted is very rude. It consists 
simply in building, within three walls, covered with a rough fixed 
roof, a series of arches 1 ft. 8 in. wide by 2 ft. 4 in. hifh, with piers 
formed of gypseous stones, as are also the arches. 1%ese are then 
filled up to a height of IS feet with stones, so arranged that the 
largest are at the bottom, the smallest at the top. The arches are 
filled in with fire-wood, which is set light to, and the fire kept up 
so as to maintain the baking for twenty-four hours. The dimen- 
sions of these kilns are such as to enable them to hold from seventy 
to seventy-five tons. In some of the quarries a more rational style 
of burning is adopted, which consists in passing the idready pul- 
verised stone through cylinders,^ which revolve m an open fire. I 
have, also, in one of Mr. Weale's Treatises, mentioned an applica- 
tion of over-heated steam to the same purpose; but the inquiries I 
made in Paris^ about a month since, lead me to believe that it has 
not yet been fairly tried. 

Indeed, there is always a difficulty in introducing any new pro- 
cess in the ordinary arts of life, such, for instance, as the one 
which meets us on the threshold in the use of the French plaster. 
Near Paris, the workmen have always been accustomed to employ 
plaster burnt in immediate Contact with the wood. In that process 
the brees become necessarily mingled with it, and we find now that 
the men have come to consider the grey colour they communicate 
as an indication of a superior quanty. The Pans workmen, in 
fact, do precisely the reverse to what our workmen do; upon the 
same principle, nevertheless, viz. — from an irrefleotive habit. They 
dislike a white plaster; we attach far too much importance to it. 
Truth, as in most cases, lies in the mean. The absence of the brees 
certainly does not diminish the value of the plaster; the extreme 
whiteness we contend for in London is for the most part obtained 
by the use of a softer description of stone, or by the admixture of 
some extraneous ingredient. 

The operation of burning the plaster stone, is, after all, only 
effected for the purpose of dehydrising, or driving off the water of 
crystallisation from the gypsum. Be&re this is done, the stone is 
hard; afterwards, it becomes pulverulent and floury. The ra- 
tioriaie of its use is, simply to present such a quantity of water 
as is necessary to restore it to the original state, when it resumes 
its natural hardness, with a commencement of a confused crystalli- 
sation. Now this action may be, and is, carried on irrespective of 
colour; that is to say, at least, the presence of the wood ashes, 
which gives rise to the grey tint the Paris workmen require, does 
not affect the combination with the water. Our own very white 
plasters owe their beautiful colour to the absence of the carbonates 
of lime, or the marls, which, in fact, communicate the very supe- 
rior qualities to the stones yielding plaster less purely white. 

To secure a good quality of plaster it is aavisable to apply a 
moderate heat in the beginning, which is to be augmented gradually 
When the plaster is not sufficiently burned, it becomes dry and 
sandy; in this state it does not set with any degree of hardness. 
When it is overburnt. it also loses its adhesive properties; it ceases 
to have what the worlcmen call '^de I'amour;" it will not cling to 
the fingers, nor has it the rich unctuous quality which characterises 
the well-burnt plaster. As soon as it is burnt, it should be 
ground, and employed as soon as possible after the manipulation 
is completed. 

Fourcroy believed that the carbonate of lime contained in the 
Paris gypsum, became converted into quick lime during the burn- 
ing; and that the superiority of that plaster was to be attributed 
to that change. Guy Lussac, however, held that the carbonate 
could not be affected by the moderate heat called into action (it is 
only absolutely required to be about 970 Fah.) He attributes the 
superiority rather to the great hardness of the stone; and really 
there does not appear to be any other explanation. We are aware 
that, c€eteri9 paribwt^ the law exists, that the limestones yield 
limes producing mortars whose degree of hardness, when set, is in 
the ratio of the hardness of the stone. Nor does there appear to 
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be any reanon why the gypsums should differ from the carbonate of 
Jime in this respect. Inde«d^ we find that the law holdg good with 
the English gypsums, for the Derby stone make<9 a stronger plaster 
than that of Newark, just as it Is harder than the latter. Dumiis 
agrees with Cnuy Lussac, in supposing that no other chemical action 
takes place with the gypsum, than the evolution of its water of 
crystaliiBation. 

lu Paris, the mode of using plaster is to employ it pure and free 
from mixture. The yery low price at whi*ih it is sold, and the 
comparatively hi^h price of sand^ dispense with the motives of 
economy which render mixtures almost indispensable in our cose* 
The town of Paris pays for its municipal work«, at the rate of 
I'is, 9^d, per tun of plaster, whereas it canuut yet be had In Londun 
for less than about 40s. per ton* WhiJst the practice in France is 
to u^e plaster pure^ 1 am disposed to think that the mixture of 
Hand, so far from being prejudicial^ i« even desirable, if confined 
within reasonable limits. \V'^e find that in reassuming the state of 
hydrated sulphate of lime, the plaster goes thrcnigh an imperfect 
crystallitsation; and this action is accompanied by a singular re- 
arrangement of the molecules. This causes the phister to swell 
when used alone, and to such an extent, that it is impossible even 
to finish a ceiling close up to a wall at once. Now the introduc- 
tion of a body so full iif inequalities as the coarse, sharp sands, 
must afl'ord room for the free action of this expaiLsion; and, at the 
same time, the facettes of the sand must offer, as is were, nuclei, 
which cannot but be favourable to the crystallisation. It is, doubt- 
lessly, on thes« principles that we can explain the superiority of 
the plaster containing the wood brees, which does become harder 
than the purer plasters, if used alone. Too large a proportion of 
i«ind should be avoided; but very fair work can be executed even 
with a mixture in the proportions of two of sand and one of plaster. 
Under any circumstancet^^ the Riiishing coat should he pure. Sub- 
sequent experience will decide, whether the use of two materials 
of this kind does not expose the work to unequal contractions, 
likely to cause fissures, or cracks. 

The plaster made ne»r Paris sets with a rapidity very much 
greater than any material we ate accustomed to fur plastering 
purposes; and, for viiry large uniform surfaces, perhaps this is a 
diificulty. The workmen have not the time to work the floating 
coats with the mathematical correctness we usually exact in our 
eountrv. But, to a certfiin extent, this objection may be obviated, 
by flight differences in the mode of preparing the plaster, or by 
altering the quantity of water in proportion to the positions in 
which the materiul is required to be used. Thus, if all the 
strength of the phister is needed, the smallest quantity of water 
i« introduced; about as much in bulk as the plaster itself occupied, 
This is cjiHed by the workmen, *^gacher serre" (stiff guaged). 
When it is necessary to work and re-work the face, as in setting 
corils, more water is added, or the plaster is said to be "gache 
clair'* (guaged thin). Habit alone c^u fix the precise proportions, 
for it is impossible to arrive constantly at the same results in the 
burning. For the very finest works, the workmen make what they 
call a ''"coulis;" this is run in, in a semi-fluid state. PWter which 
has been thus treated, with an excess of water, does not acquire 
the tenacity, nor the hardness of that treated in such a way as only 
io present to it the water of crystallisation. 

Thfl extraordinary forces of adherence, &c., of the Paris plaster, 
enables the work on' ceilings or partitions to he executed with far 
less expanse of lathing than similar works executed with our 
iime and hair. RoadeJet made experiments to ascertain the limits 
wf these forces^, and he obtained the following results:— A paralleKn 
pipvdon of piaster, with a base measuring 1 in each way, supported 
A weight of 7(ilb., acting ho m to tear it asunder; this he called the 
force of adhesion. Similar figures resisted a crushing weight of 
722lb.; so that the ratio of the resistance of plaster to an effort of 
traction* compared to one of extension, ik as 1'9.|. Rondelet found 
that there was a sensible difference in the manner in which piaster 
aiihered to brick or stone, from the action of mortar under similar 
circumjstjinc^s. For, when cuhes, joined by the respective materials, 
were subjected to forces tending to tear them asunder, the mortar 
broke through the centre of the joint, leaving particles attached to 
the upper and under surfaces; the plaster, on the contrary, left the 
surfaces perfectly clean. In new works, the piaster wdheres to 
other mater iais, with about half the force necessary to tear it 
asunder: mortar, for several yenrs at least, only attains one-third 
of the same force. This ratio does nut continue; for, after ten or 
twelve yeaj's, the plaster luse» its strength^ wliilst, at the same 
epoch, we find the adhesion of the nuirtar to otlier substances to be 
etjual to the force of adhesion of the cul>es themselves. The 
iubsetju^nt ratios are in in vers*j progression; mortar always iiardeiis 




by time— plaster loses strength. As these remarks only itpply to 
its use as a mortar externally, it should never be employee! per* 
mauently for such positions; internally the loss of strengtii ii 
not so rapid, for it depends upon the absorption of moisture from 
the atmosphere. For temporary works; for internal works, requiring 
great rapidity of execution, however, the luse of Paris pikste is 
invaluable. 

The u.susd practice in Paris (as I had the honour of observing in 
a pa(ier 1 read last year), is to execute the work intended to be 
plastered with rubble stojie, set in plaster mortar. If pottsible, the 
principal elevations are executed lu ashlar; externally, plaster ht 
never used if it can be avoided, for its u»e requires care and 
numerous precautions* Firstly, the plaster coat must be entirely 
out of the ground; it must be removed from all weatherings, 
where the capillary action would aOow the absorption of water; 
the upper surfaces muat be covered with jcinc, or other metal; and, 
if it be exTiected to stand for many years, the whole must be 
painted. When, however, plaster is to be applied on walls, exter* 
nally or internally, the course followed is to clear out the joints of 
the masonry, and to wet the surface. Plaster, gauged stiff, is laid 
on with a broom, or in any similar expeditious manner, and it is 
brtiuijht to a tolerably uniform face by use of the trowel. This is 
called *faire ie creni,' a term equivalent to our *'rendenng." The 
floating coat, or 'lenduit,' is applied by the trowel, and dre^ed 
off with a rule, in somewhat a similar manner to the system fol- 
lowed by our own workmen; but it is in the execution of this work 
that the greatest difficulty arises, from the rapidity with which the 
plaster ECts. The stuff is gauged thin, but not sufficiently so to 
allow much manipulation. When the face is floated, as described, 
the plasterer passes over the surface with a sort of toothed trowel, 
called ^la truelle bretelee;* using, firstly, the toothed side, to 
remove any asperities, and finishing with the knife edge on the 
other. A thin setting coat is lastly added, to stop up all the pires 
or inequalities. The time required to complete such plastering 
on wail is very short compared with what we are accustomed to. 
The floating coat may be applied within four days of the rendering, 
under favourable conditions; and the whole w^ork easily completed 
in a week* 

Partitions are naually executed in a manner essentially different 
from our own. A sort of wood frame-work is made, without much 
complication of carpentry, by the wav, for the French, very wisely, 
prefer a wall where we too often place large trussed partitionf^. 
The French partitions rarely consist of more than upright po^^ 
with stouter ones for doorw ays, and a few discharging braces, or 
horizontal lies. The upright posts, *les poteaux,' are spaced about 
1 ft. 4 in. apart ; the door-posts are usually planed so a^ to form 
the architraves of the doors; they are called 'les poteaux d'huisserie.' 
Upon the common quarters laths are nailed (mostly of poplar, or 
fir), which are from 3 to 4 inches wide, and spaced about 4^ inches 
apart. The interior is filled in with old plaster rubble, or light 
■atone, and the outer surfaces rendered, as for walling. Such par- 
titions answer admirably for the purposea of keeping out sound, 
and are tolerably light. From the immense quantities of plaster 
rubble to be met with in Paris, they are also, comparatively 
speaking, economical. Close lathing is very rarely executed; nor, 
in fact, do the oak laths used in France allow such work to be welt 
done. Some masons in Pat is use a sort of tile, cast beforehand 
purposely for this use, at id made of plaster. This system is not 
so solid as the usual one of only emploving rubble, for the placer 
doew not adhere so well to the smootli faces of the tiles; bat it 
avoids a very considerable amount of humidity. 



Ceilings are executed in several manners.— (1.) I'he space 
between the joints is filled in solid, with plaster, or stono^ rubble 
carried on rather wide latlis underneath; the lower surface is then 
rendered like a wall would be, and a bed is formed on the top ta 
receive the tiles, or sleeper joisU and ffooring are added* This is 
said to be ^hou^de plein*' 
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(9L) With doM lathing, as in England, 'k lattis jointif.' 






(2) J Lattii Jointif, 

fS.) The third manner, and the one most usually adopted, because 
it hinds the joists together the most effectually, without loading 
them unnecessarily, consists in lathing the underside of the joists 
it distances of about 3^ inches from centre to centre. A species 
of flat centering is then placed under them, and a coat of plaster 
of about 1^ to 1^ inch is laid over the laths so as to stop against 
the boards on either side, and between them. The plaster is 
brought up the sides of the joists, and worked so as to leave a 
boDow channeL The ceiling itself is then applied below this coat, 
called an ^auget.' 

^ J =r — IT— ^t3e4 




(3) Avee Amgeii, en Camuvaux, 

(4.)In the country, again, another manner is used, namely, the 
joists are left apparent, and only the intermediate spaces are ceiled. 
If the third manner could be adopted under the requisite conditions 
of economy, it would be very desirable, for it unites the great 
advantages of solidity and of impermeability to sound, in which 
respect our newly-built houses leave so much to be desired. 




(4) A Solivu Apparentea, 

JVo/f.— The parts i htded with parallel Hoei reprei ent the laths ; the blank 
parts m a represent the plaster ; those marked b b represent the floor boards 
or tiJes, as the ease may be. No. 1 counts for the value of 1^ times No. 2. 
No. 2 constitutes the unity of price for common plastering — it is called 
'* Icger." Thus, No. 1 is said to be ** 1 i leger," and paid for at that rate. 
No. 3 cooota for '* 1 1 leger." No. 4 counts also for " \\ leger." 

Now, the proprietors of the French quarries have lately made 
arrangements by which the real plaster of, and from, Paris may be 
obtained in London at prices below those of our English plaster. 
Its use will, I am personally convinced, very soon supersede the 
barbarous mixtures of lime and hair, and all such trumpery, we 
have been forced to employ hitherto in its absence. A new appli- 
cation of any material is, however, always exposed to many risks 
and failures ; from ignorance of its qualities, from unskilfulness 
in the handling, and even from the prejudices of those employed 
to execute the works. It may therefore be necessary to endeavour 
to point out the conditions requisite to ensure the successful essay 
of the one we are now considering. 

Firstly. It is not advisable in the commonest sorts of work to 
allow more than two parts of sand to be mixed with one of plaster; 
for better works, one and one should be used. The setting coat 
should be of pure plaster; my own opinion is that larfe quantities 
of putty, or other preparation of tne carbonate of lime, should 
not be used, though there does not appear to be any obiection to 
the plaster being guaged with lime-water, which not only retards 
the settings but also diminishes the expansion. 



Secondly. My own experience with French workmen would lead 
me to say that we must not expect to be able to maintain, with a 
material which sets so rapidly as the plaster of Paris, surfaces so 
mathematically true as we do obtain in the usual system followed 
by our builders. In Paris, for several reasons, this exactness is 
not required; the rooms are smaller, it is not the fashion to have 
large unpannelled walls, or to use even, flat, tints. Small ine- 
qualities of surface are not, under such circumstances, of so much 
moment as they are to ourselves. Indeed we may form a tolerably 
corect idea of the comparative slovenliness with which plasterers' 
work is done there, from the fact that some of the workmen execute 
both it and the masonry on which it is applied. In all the build- 
ings in Paris I have visited, the plastering has been executed with 
a carelessness which would disgust any London architect. The 
angles are never square, or true ; the upright faces hardly ever 
" out of winding," or " plomb." Yet when our own more skilful 
workmen have overcome their prejudices, and learnt the proper 
use of this material, we have every reason to believe that they will 
make as perfectly ^^true" work with it as with the others. At the 
same time it attains in an incredibly short space of time a degree of 
hardness we are totally unused to, and it is accompanied by the 
immense advantage of only giving rise to about |ths of the evapo- 
ration arising from ordinary plastering. A series of very careful 
experiments has been made under the directions of Messrs. Piper, 
which proves that the cost of ordinary works need not exceed 
in any sensible proportion, if at all, those we call usually " render, 
set :" that they are strictly the same as the render, float, and set ; 
presenting a very superior article in every respect. Mr. Piper's 
experiments go to show that the evaporation from the French 

Slaster is only about in the proportions Just cited. In the Spicer 
treet Model Lodging Houses, Messrs. Piper executed, during the 
last week, a room which was begun and finished in thirty hours, 
whilst a common lime and hair rendering coat would have required 
a week at least ere it would have been fit to receive the floating 
coat, and the whole operation would have required, properly 
speaking, about a month. Mr. Beck, the architect, to whom all 
praise is due for the merit of the buildings in the first place, and 
for the sagacity which led him to try the new material, can vouch 
for the quality of the work, and explain the means adopted to 
obtain so very remarkable results. Subsequent experiments must, 
however, be made to ascertain the best mode of finishing superior 
work upon plaster rendering, either by the use of Keene s Parian, 
or Martin's cements; for it is my own perfect conviction that the 
use of lime and hair will very shortly be abandoned. 

Thirdly. The French plaster must never be used in any position 
where moisture is likely to affect it for any length of time. It is 
very hygrometric, and soon decays if kept moist. The prevalence 
of warm moisture, as for instance in cellars, also gives rise to the 
formation of much saltpetre; its use in such places should then be 
avoided. The same faculty of forming the saltpetre should, also, 
make us very cautious as to the nature of the sand to be mixed 
with the plaster. 

Fourthly. If the plaster be used as a mortar, for the purpose of 
carrying up bricknogged partitions to be covered over immeaiately, 
for which purpose, as said before, it would be invaluable, care mubt 
be taken to prevent the expansion of the plaster from affecting the 
other work. It is usual, in France, to leave a small space between 
the wall and the partitions, in carrying them up, which is subse- 
quently filled-in by the plastering coat. The same observation 
applies to floors with plaster pugging, and even to cornices with a 
large body of that material. In the case of the latter, it is usual 
to run the straight mouldings, and to execute the mitres, or returns, 
subsequently. The projections of the cornices, by the way, are 
carried out solid, with very little, if any bracketing. But we must 
observe, that the French architects, very wisely, do not execute 
such terribly heavy internal decorations as we do, and that conse- 
quently their projections are less. 

In the above remarks, I have studiously avoided the questions 
connected with the use of plaster in iron and pottery, fhey 
would have swelled this paper, already too long, to limits far 
beyond your patience. It is my intention to request your conside- 
ration of them upon some subsequent evening. In the mean time, 
we may be allowed to congratulate ourselves upon the fact, that the 
abolition of the excise upon bricks and tiles will enable us to make 
much more complete experiments. 

1 may add that the parties who have made arrangements for the 
sale of the French plaster in London, are Messrs. Piper of Bishops- 
eate-street, and Messrs. J. B. White and Sons, of Millbank-street, 
The price at which it can now be sold, is about S/. per ton at the 
wharves. 
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WATER SUPPLY FOR LIVERPOOL- 

Refobt dff RoBKBT Stephenbon, C.E,, on the Suppfy of Water 
to the Town of Liverpool. 

Tub qtiestian which has been entrusted to me for my conei dera- 
tion and opinion, and on which I have now to report, is tJie best 
plan to be adopted for securing an adequate supply of water to the 
town of Liverpool; and in opening the subjectj it will probably be 
most convenient and intelligible to introiluce a copy of the In- 
Kt ructions conveyed in the Minute of the Water Committee of the 
Town Council, which is as follows: — 

^*At a meetiag of tbe Water Committee, held on Moadij, the 1 4th of 
January, 1850:— 

Pre»efit.* — Jamss Progtba, Esq., Clitirmaa, Ste., &e., &G. 

«<Reid a letter from Mr. Stepbenion, dated tbe 12th mst., and aildressed 
to Ibe Towa Clerk. 

" Reiolved : — That tbe following ioatructions be comcaQtiicated to ^fr. 
StepbensoD, and that be be reipectfullf requested to meet the Committee 
to-morrow morning at half-pait nine o'clock. 

**Mr. StepheoiOQ ha¥iog beca unanimou»Iy appomted the Engineer for 
tbe purposes of the reiolution of the Council of the l)th of November^ the 
desire of the Committee ii, that be should ifiform bimielf upon tlie 
•uT>ject in all its hearings, bj evidence, reports, or otherwise, to as to eniure 
that the views of all parties majr be elicited h-efore him to their satisfaction, 
and report hii opinion to the committee fully: — 

*♦ Ut, Whelber a suppiv sufflL'ient as regards quantity and qtislity for the 
present and proipeclive frants of the town and neighbnui-hood, indudiog 
domestic, trading, and manufacturing purposes, and shippings and for public 
purposes, viz. — watering and cleansing streets, tluihing sewers, exiinguiiiihing 
fires, and supplying public hatha and wash-houses— can he obtained by 
additional borings aod tunnels^ or otherwise, al the present stations, viz. — 
those purchased from the companies respectively, and from the Green Lane 
Works, now vested in the Corporation; and the cost of obtaining such suf- 
ficient supply. 

*■ 2nd1y* Whether a sufficient addition to the present supply can he ob- 
tained in the locality or neigbhourhood of Liverpoob ^* recommended by 
Messrs. Sicnpson and Newlands, or by borings, or by any other course ^ and tbe 
cost of obtaining and distributing the same. 

**3dly. Whelber such supply can be obtained by means of the Ritingtoo 
Works; aod the cost of obtaiaing and distributing the same as recomoieaded 
by Mr. Hawkiley. 

''Ithly. Under all the present circumstances of tbe case, what course is 
recommended to be puritied ? 

** Extracted from tbe Proceedings. 

** William SaurrLKwoaTM. 

*'Town Clerk." 



In entering on the matter of the above resolutions, I feel it a 
pleasure to acknowledge the facilities which have been afforded by 
Mr. Newlands, the Borough Engineer, and those acting under him, 
both by supplying the necessary plans and by giving" every means 
in their power for the examination and experiments ut the pumping 
stations; and I also gladly avail myself of the opportunity to thank 
all who have assisted in the inquiry, either by offering their 
opinions and information in the public court, or in verbal or 
written communications. 

There can be but one opinion respecting the great importance of 
an abundant supply of good water to such a town as Liverpool, for 
whether regarded in a sanitjiry or commercial noint of view, tnere 
is, probably, nothing more conducive to the welfare and enjoyment 
of a large community. 

In a sanitary point of view, the necessity of a large supply of 
water, in combination with a good system of seirerage, is now ad- 
mitted on all bands; — tbe disposition evinced everywhere to place 
at the disposal of the poorer classes much larger quantities of water, 
and more convenient arrangements for tbeir constant domestic 
supply, and to promote the general establisliment of baths and 
wasn-houses, sumclently ejchibit tbe strong prevailing feeling in 
this respect. 

In a commercial point of view, both tbe quantity and the quality 
of tbe water supplied are also very important; in tnanufEietures 
wherein water is used for the purpose ot ejttracting vegetable or 
other principlea from any substance; in the nreparation of tea and 
coffee, in the saving of soap and labour in all detersive operations, 
in 8team-engine boilera, and in economic processes generally, pure 
water has long been appreciated, and would no doubt benniversaUy 
used where the expense of obtaining it is not too great. And when 
the inBuence of some small superionty of situation, or of the 
materials found or tbe facilities given on any spot, ami the great 
eitent to which competition now affects the prohtH of manu- 



facturers are considered, the nec«flsity la evident for taking 
especial care to secure every advantage that may present itself. 

f o Liverpool, in particular, with its high commercial poiution, 
its large and rapidly increasing population, and its immense con- 
atructions for the purposes of trade, science, and habitation, the 
advantage of a copious and permanent supply of good water em 
scarcely be over- rated. 

These prominent considerations, with many others easy to men- 
tion, have led me to approach the subject with anxiety, and to 
devote to it my best energies. 1 trust the res^ilt may prove of 
advantage to the town and its community. 

Supply from WetU. 

In my inquiry, it was clearly necessary in the first instance to 
ascertain correctly tbe qunntity of water yielded by the existing 
wells, the influence which llicy exert upon each other, and the 
mode by which the water contained in the maw of aandatone Is 
transmitted from one place to another. 

On this last and niu^st important point the evidence adduced 
before me in Court was very conflicting, some of the witnecsei 
maintaining, that however large a quantity might be pumped from 
one well, little or no effect was found to be produced upon thoMUt 
the vicinity; and of this several well authenticated ius^tancets wew 
certainly adduced, but a careful consideration of tbe whole mui 
of facts leads me to believe that these cases form rather the ex- 
ception than the rule; and that they are occasioned by local geo» 
logical faults, partially or wholly water tight, which are known to 
be interim perked throughout the new red sandstone formation in the 
neighbourhood of Lix'erpool, 

It appears to me, also, that the purport of the evidence offered 
on this part of the subject was entirely misconceived by thepartia 
who adduced it; for, it is evident that if the sandstone wa« so 
impermeable as to prevent one well influencing another at i 
moderate dijitance, it would be exceedingly difficult, if not abso- 
lutely impossible, to obtain a very large supply of water from any 
one well. As regards, indeed, the main question of obtaining from 
the sandstone an adequate supply of water, it is of the utmost con- 
sequence to establish indisputably that the sandstone la extremely 
permeable. 

All the witnesses who have studied tbe structure of the forma- 
tion on which Liverpool stands, concur in stating that it conaiatt]^ 
a series of strata varjring in permeability, and tnat large sheet^^^| 
water may be conceived as spread out one above the other, hd|^H 
retained in their positions by intermediate beds more or less porona. ' 
Hence in sinking welis under ordinary circumstances, a gradual 
accef4sion of water takes place as each succeeding stratum contain- 
ing the sheets of water alluded to is intersected. 

If this description of the structnre represented truly the cha- 
racter of the sandstone, it is evident that wells would only affect 
each other when drawing water from the same series of f^trata; but 
there is a most important deviation from simple stratification in 
almost every part of the rock, from the existence of an infinite 
series of fissures, intersecting each other in every direction; a cir- 
cumstance which obviously destroys the insulation between the 
sheets of water. These fissures are, by some, supposed to be filled 
with clay, and thus rendered impervious to water, which may be 
to some extent true; and it seems to be indicated by the circiun- 
stancea already mentioned that wells in some cases are not found 
to act upon each other. 

Dr. Buck I and believes that some of these fidsures are so ex- 
tensive and so completely charged with clayey matters, as to divide 
the formation into a series of boxes. Mr. liowlandson in his evidence 
dissents in a great measure from this view, and while admitting that 
fisKures exist, he denies that they are quite impermeable, azid to 
estfiblish this, refers to the influence which one well exerts upon 
another. On this point he says, "I believe that those fractures 
are general, and in fact, that the water is diffused throughout the 
whole distiict through tboMe cracks, and that therefore they are 
not filled with tbe impermeable clay." In this opinion 1 conenr. 
Different degrees of pnrosity unquestionably exist, satisfactorily 
accounting in my mind for the different degrees of influence which 
weOs are found to exert on each other The facility with which 
the water will pass from one part of the sandstone to the other, 
depends principally on the size of the fissures, their character and 
tbeir direction; and hence it is quite consistent ^vith tbe existence 
of a very larj^e number of fissures, that two wells at a gr«*t dis- 
tance may affect each other while two that are near may show little 
or no connection. 

The most extensive and the best estahlished series of facta bear- 
ing on this part of the question are those surrounding Green Lane, 
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lUidbdbremebjMr. Bold. I think no one can ex- 
» ike intaiiees he reoorda, of wells at great distances being 
UmUIj drained by pumping at Green Lane, without being 
aUrock bjr tae remarkable facility with which the influence of the 
pumping is transmitted. If the cases adduced had been few and 
partial, one mi^t have hesitated in admitting such easy permea- 
bility aa I bebeve to exist; but the sympathy here evinced is at 
once to extensive, and the evidence so authentic, as to free my 
mind firom all donot. 

It was urged, that the instances alluded to by Mr. Bold were 
only from shallow wells, and that the effect would not have been 
produced if they had been deep ones; but these wells cannot be 
truly stated as aii shallow, nearly one half of them being from 
twenty to thirty-nine yards deep. This, however, does not strike 
me aa of much importance, for it in both cases the easy diffusion, or 
tka migration of water from one part of the formation to the other 
be equally well established, it matters not whether the wells be 
shallow or deep. 

My opiuion is that, in considering the question of the supply of 
water, tlie rock may be looked upon as almost equally permeable 
in 0rary direetion, and the whole mass regarded as a reservoir up 
to ft certain level, to which, whenever wells are sunk, water wiU 
ahrays be obtained, more or less abundantly; and a very careful 
cenoderation of the facts that have come to my knowledge in the 



cf, if the well at d had been sunk at A. the area drained would 
have been double that which was originally drained by a. 



preemit investigation leads me to consider this view as the simplest 
ftod the only one capable of general application. 

QfuaUHp of Water to he got /ram WeUe. 

. By thus recognising the permeability of the sandstone to a great 
extent, the question is rebeved from many technical difficidties, 
whidi nave eansed much discussion without leading to any practi- 
cal result. I shall, therefore, now assume that wells are sunk into 
that portion of the rock which is charged with water, and en- 
deavour to ascertain what amount of water can be drawn from in- 
.dividual wells so circumstanced. 

The offset of pumping from a well under such conditions will 
be to drain the adjacent rock, producing a comparative dryness 
on all aidea, in such a manner as would be represented by an in- 
verted cone; the bottom of the well being the apex of that cone, 
the doping sides would represent the inclined surface of the water, 
lowing towards the well in aU directions; and, as the pumping is 
continued, the sides of the cone will become more and more ob- 
tuse, or, in other words, more nearly horizontal, until an inclina- 
tion is established where the friction of the water, in moving 
tlinragh the pores and fissures of the rock, is in equilibrium with 
the gravity upon the plane. And this condition of equilibrium 
once estabmhed, any further pumping power would be useless, as 
the water must gradually lower in the well until it is exhausted; 
and no additional power of pumping could then avail in increasing 
theqnantity of water drawn from it. 

The natural alternative under these circumstances is, to deepen 
the well by unking a bore-hole, or to extend the filtering surface 
at its bottom by means of tunnels; and which of these methods 
is preferable has given rise to much difference of opinion. Where 
the pumping is periodical, the advantage of the tunnel or lodgment 
Is unquestionably considerable, for it admits of the collection of a 
large body of water into these tunnels, as reservoirs, without 
causing much difference of level in the well itself; thus storing a 

SuantitY of water, in addition to what percolates gradually through 
be roeic, which may be pumped out of the reservoirs, and with 
any rapidity. 

' Taking the view to be correct that the pumping from a well 
jdraina a conical mass of sandstone, until an equilibrium is estab- 
liAed between the supply into the well and the draught from it, it 
would appear that the advantage of tunnelling is almost confined to 
ita operation as a reservoir, for as the tunnel is extended it can only 
increase the drainage power of the well to the extent of a narrow 
band on each side of it, the slopes still corresponding with those of 
the side of the cone. Hence it is, I believe, demonstrable, that 
* vr€ry attempt at increasing the yield of a well by tunnelling in the 
immediate vidnity of the well, can produce but limited permanent 
.advantages. 

In illustration of this, let us suppose that in the adjoining figure, 
a well is sunk at o. and that it drains an area represented by the 
circle (ctf^ and tnat a tunnel is driven from a towards <^ say 
coe mile in length, and that another well is sunk at d upon the 
-cxtrcmi^ or upon the terminus of this tunnel. The only effect of 
tills would be to increase the drainage area of the well a by the 
area f 9 ^ together with the small triangular spaces shown on 
the figufc; whereas instead of the tunnel being driven from a to 




This method of looking upon the area drained by a well as re- 
presented on the surface by a circle is not strictly correct, because 
its form will be of course modified by the relative sizes, characters, 
and directions of the fissures through which the water finds its 
way to the well. The area represented by the circle in the figura 
wiU, therefore, most probably be very irregular in outline, but the 
wav described by which the supply of water is transmitted to the 
well remains unchanged, and the conclusions to be derived from 
this reasoning may practically be depended on. 

There is another defect in the system of tunnelling for the pur- 
pose of enlarging the sunply of water at any great depth. Experi- 
ence in Liverpool has clearly pointed out the necessity of, from 
time to time, deepening the wells in consequence of the increased 
demand upon them, and, with a system of tunnelling, the result 
would be similar, involving very great expens^ and a most incon- 
venient operation. This inconvenience and expense has not 
hitherto operated with the public wells to any injurious extent, 
because the increase that has been made in them has not been con- 
siderable, but where we have to look forward to the utmost efforts 
being used to obtain the greatest possible supply of water from the 
sandstone at the fewest points^ arrangements certainly ought to be 
contemplated for augmenting from time to time the supply at those 
points. 

This view of the subject leads me to the opinion, that increasing 
the number of wells is likely to be a more permanent source of 
supply than extensive tunnelling, although the latter certainly 
admits of an easy mode of connecting the various sources of supply, 
and consequently of concentrating the whole of the pumping estab* 
lishments. 

IncreoH of Supply by Boring, 

The other alternative for increasing the supply, namely, that of 
deepening the well, or of boring under it, has invariably been at* 
tended by an addition to the quantity of water yielded for at least 
some length of time; all the evidence which was given before me 
testifies that this may be safely reckoned upon. Let us now ex- 
amine what would be the effect upon a well so deepened, with its 
increased amount of pumping. 

It is clear that the space drained by the well before being deep- 
ened will now be increased in extent, and that an additional area 
will contribute water to the supply of the well; and this extension 
and consequent increase of the supply of water will proceed until 
the plane down which the water flows towards the well shall have 
attained nearly the same angle as was originally maintained bv the 
shallower well — ^that is, the angle of equiubrium between the force 
of gravity and the friction in passing through the fissures. But 
the increase of supply to a well by deepening it, is bv no means in 
proportion to the aepth gained, as the supply is in all cases limited 
DV the resistance which the water experiences in flowing towards 
the well through the fissures. It is, however, probable that a more 

Sermanent increase will be produced by deepening the weUs than 
y constructing tunnels; a suggestion of course chiefly applicable 
to weUs situated at a considerable distance from the River Mersey. 
But all the public wells have already been sunk to the level of 
low-water mark, and from their proximity to the river it would, in 
my opinion, be inexpedient to increase the depth, either by sinking 
or boring, for if the sandstone be as pervious as 1 think it has been 
proved to be, a considerable amount of the supply to them would 
be derived from the river itself, and consequently the quality of 
the water much impaired. 

There are numerous instances of wells having become brackish 
in the vicinity of the river; and, even at the distance of twelve 
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hundred yardsj Mr. McGregors well, from lon|c continued pump- 
ing below lour water, has thus become charg-ed in a remarkftW© 
m»nner with «ea salt, and there are many other well-known in- 
stances all tending to establish the fact, that when wells, especially 
if near the river, are pumped below the level of low-water mark, 
the permeability of the aandiitone is such as to admit of impure 
water flowing into them. And this result is in perfect accordance 
with the views 1 have explained, and c.orroborate?^ the statement of 
the mode in which the sundstone is drained by the pumping in 
individual wells^ 

The Bootk IForkg, 

All these circumstances point out the impropriety of relying 
much, or even to any extent, upon an increase from deepening the 
existing public welis. To this remark Bootle may nerhaps be 
made an exception, as the level of the water at the works there is 
so much above high^ water mark, and cannot for some time be 
reduced to it ; but their proximity to the river is such that any 
considerable deepening, accompanied by the abstraction of much 
larger quantities than at present, would even in them be likely to 
he attended by an influx of water from the river. 

The Bootle Works furnish a very good example of the free com- 
munication through the sandstone by fissures or otherwise, from the 
rircumstance of the water in a quarry at a distance of about half a 
mile beins: much influenced in level by the rate of pumping at the 
Water Vvorks, The foreman (John Prescott) states dit*tinctly 
that the Bootle Quarry maintained the level of water at about Si 
feet from the surface from the time of its being opened until the 
engines at Bootle commenced working night and day, when the 
level of the water sank to 60 feet from the "surface; and that when 
this rate of pumping ceased and the water was allowed to accumu- 
late in the reservoir at Bootle, a corresponding rise took place in 
the level of the water in the quarr)% and prevented the works pro- 
ceeding in the manner deemed most eligiole, 

The Bootle Works also afford a very interesting and instructive 
lesson as to the effect of bore-holes, and clearly demotjstrate that 
the increase of their number with very varying depths does not 
regulate the quantity of water to be obtained by their means, 

In the reservoirs at these works there are 16 bore-holes, each of 
them having been made for the purpose of supplying an additionrd 
quantity of water. Their efficiency was thus tested. The reser- 
voirs having been pumped dry and all the bore-holes tightly 
pluffffed, the supply to the reservoirs when in this condition was 
Km ail, consisting only of some leakage through the bottom, and 
what came from the engine well, The plug was then removed 
from a bore- hole 308 feet deep, and the yield was ascertained to be 
at the rate of 921,11>'2 gallons per 2* hours, A second bore-hole 
599 feet deep was next unplugged and the yield increased to 
949,464 gallons; and so in succession each of the remaining bore- 
holes was unplugged until the whole were opened. By referring 
to Table No. 7 in the Appendix the result of each step uf the ex- 
periment will he found recorded, and it will be observed that the 
total increase by opening 15 bore-holes amounted only to about 
112,792 gallons per 21 houra^ being little more than an addition of 
one-tenth to the yield when only the first was unplugged. But 
the first experiment, showing a yield of I>21,19^ gallons, although 
important, is not entirely free from objection, arising out of the 
circumstance of the passage of water from the plugged bore-holes 
through fisflures in the rock between them and the lodgment or the 
engine well. 

It may he inferred from the evi donee of Thomas German the 
engine-man at Bootle, that as each successive hore-hole was put 
down an increase of water was at first obtained, and the circum- 
stances attending one or two of them would lead to the supposition 
of the supply being derived from independent fissures; ihey are 
now, however, all more nearly in a state of equilibrium, and in 
effect deriving their supply from one common source^ If a pump 
were applied to the first of the hore-holes which was unplugged 
and the water drawn from it as ciuickly as it flowed, the yield of 
the neighbouring bore-hules would immediately almost cease, their 
contents being absorbed by the pump; or if the arrangement be 
changed, the same amount of pumping power distributed amongst 
the entire number of hore-holes, each would yield a quantity 
similar to that which ilows Into the lodgments under the ordinary 
course pf working. E\'ery addition lo the pumping power would 
equally lower the level of the water in each bo re -hole, and these 
results could only be umdified by the lateral communications 
between the bore-holes not being uniformly permeable, but it is 
evident from the abuve experiment, where the flow was interferi»d 



with so little hy the majority of the bore-holes being plugged, thai 
great uniformity exists in these channels of communication. 

This group of hore-holes at Bootle presents a complete epitome 
of what ia actually going on upon a large scale throughout the town 
of Ljverp<»ol. The difference is only one of degree, consisting in 
the intervention of a largre mass of rock between the «ell£, which 
offers more difficulty to tne free passage of water from one to the 
other. 

Source of Suppi^, 

But, before referring more particularly to the wells in the town, 
or their influence upon each other, 1 may state my idea generally 
ag to the source of the supply, and the mode of it's distribution ifl 
the sandstone. 

I conceive that the source from which all the strata mnd fksBurm 
in the sandstone become charged, is the rain falling upon the sur- 
face of the surrounding country; that so soon as they are fully 
charged the surplus overflows and is discharged into the adjoining 
brooks and rivers; and that the rain which falls upon the surface 
and finds its way into the fis.^urea, passes through apertures or 
channels of limited area, and will consequently form an inclined 
plane towards the easiest outfall, the angle of this plane with the 
horizon varying slightly, accordinsr to the wetness of the seasoo. 
This view is illustrated by the outfall along the margin of the River 
Mersey, of a number of ^springs deriving their supply from the in- 
clined plane of water which rises towards the high ground of Ever- 
ton and Edge Hill; and such is generallv^ the state of things when 
wells are first sunk. In order that a weil should yield a supply of 
water at all seasons, it must be carried below the extreme nuctiui- 
tions of the angles described; and the effect produced upon the i 
plane by sinking a number of wells below it, and extracting water 
from them, would be to form a series of indentations^ varying in 
depth and extent, according to the intensity of the draught and 
the permeability of the strata. 

These views are somewhat similar to those expressed by Mr, 
Newlands and Mr. Rowhindson, and are corroborated by the 
elaborate sections of wells furnished by the former gentleman re- 
presenting their depths with the usual'level of the water in them. 

Periodic Influences, 

U is now necessary to advert to the theory of Mr. Gage respect- 
ing certain periodic influences to which he ascribes the rise and 
fall of the level of the water in the wells. For the purpose of 
illustration, he has favoured me with a section which shows the 
highest and lowest levels of the water during each week, from 
January 1840, to June lSt7, which are prepared with care, and 
exhibit well the facts they represent. 

I cannot, however, arrive at the same conclusions with him. 

The first section, referring to the Soho station, shows, from 
January to March IftiS, a gradual elevation of the level of the 
water, and from March lo Jime^ a gradual depression. Following 
the section, we find that from June to August, there is a consider- 
able rise, which is no douht attributable to the bore-hole made 
ahuiJt that period, and probably to the fact stated by Mr. M'UonaJd, 
that the pumping at this station was not then so continuous as 
before, owing to the Windsor engine being worked for more hour«. 
From August 1816, to Jiinuary 1847, this elevation is very 
steadily maintained, but then declines to the following May and 
June, indicating, perhaps, to some extent, the falling off of the 
first accession of water from the hore-hole, which is stated to have 
been in progress between August 184G, and May 1817. 

The general contour of the section, after the boring, certainly 
affords no proof of the periodic rise tn March, broached by Mr. 
Gage; and as he does not give the weekly quantities pumped from 
the well, there are no data to show that the undulation in the 
levels did not arise simply from the abstraction of varying quan- 
tities of water during the periods to which reference is made. If 
there be any such influence, it appears to me that it would operate 
entirely against his opinion of the chief supply of water to the 
sandstone being derived from beneath. But tnis subject, although 
of considerable interest in a philosophical point of view has not 
really any important practical bearing upon the question before u«. 

In order, however, to ascertain the fluctuation which the level 
of the water does undergo in the different wells, I have prepared 
and given in the Appendix, sections for the year 1849, exhibiting 
the greatest and least heights, with the important addition of the 
quantities pumped out each week; thus affording an opportunity 
of judging whether the variations at different seasons are not truly 
ascrihable ti> this cause. The examination of these sections haJi 
perfectly convinced me that the levels of the water in the several 
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wclb tuiOmm dwayi an inYerw ratio to the quantities of water ab- 
Takliiffthe Soho atation at the end of February, when the 
I at the higfaeet, it will be seen that the average weekly 
' of hours worked, for nine weeks eoually distant from the 
•ad of February, amounted to 70L and tne average quantity to 
SL300,510 gallons, whereas in the Allowing month of June, when 
toe lerel was lowest, the avenu^e number of hours per week for 
nine weeks amounted to 139f, and the average quantity to 
4,160,884 gaUons, a cause quite sufficient in itself to account for 
the level of the water in the well subsiding without having 
reoonrse to any more abstruse reasoning. At the Water-street 
station tlia average work for thirteen weeks, extending over March, 
April, and May, was 65 hours ner week, and the average quantity 
punped 9,558,095 gaUons, while the average of ten weeks over part 
of July, August, and September, was 84 hours per week, and the 
avenge quantity pumped 3,084,129 gallons. 

These seetions are, in my opinion, very informing when thus 
aceompanied by the weekly quantities pumoed from the wells. 
lliey show that, when the draught is equal to the supply, the 
mieral eontour remains horizontal; that when the draught is 
mereased this line declines, and again becomes horizontal when 
the equilibrium has re-established itself; and that the lower level 

ane to ascend immediately the quantity abstracted becomes 
loed. It is therefore evident that the cause of the alterations 
in level is chiefly to be ascribed to the abstraction of different 
quantities of water by pumping. 

A careful study of the facts which have now been referred to 
and explained has led me to the following conclusions:— 

That an abundance of water is stored up in the new red sand- 
stone, and mav be obtained by sinking shafts and driving tunnels 
about the level of low water. 

That the sandstone is very pervious, admitting of deep wells 
drawing their supply from distances exceeding one mile. 

That the permeability of the sandstone is occasionally interfered 
with by faults or fissures filled with argillaceous matter, some- 
times rendering them partially or wholly water-tight. 

That neither by sinking, tunnelling or boring can the yield of 
any well be ver^ materially and permanently increased, except so 
far as the contributing area may be thereby enlarged. 

That the contributing area to any given well is limited by the 
amount of friction experienced by the movement of the water 
through the fissures and pores of the sandstone. And 

That there is little or no probability of obtaining permanently 
more than about 1,000,000 or 1,200,000 gallons a-day, and this 
only when not interfered with by other deep wells. 
CTti be continued.J 



ON THE SEWAGE OF TOWNS. 

At the last meeting of the Royal Agricultural Society of Eng- 
land, CoL Grev informed the Council that this important subject 
fhad. along with the general interest it had lately excited in the 
ublic mind, become a matter of interest and study to his Royal 
lighness Prince Albert, and that he was commanded by his Royal 
Highness to bring before the Council of the Society, for their con- 
sideration and inquirv, should thev think the subject worthy of 
it, what had struck his Royal Hignness as being a simple plan for 
effectinff the object in view. Leaving it to more competent judges 
to decide whether the sewage should be used as a liquid manure, 
or solidified, upon which point his Ru^al Highness wished to give 
no opinion himself, he had confined his consideration to the latter 
mode of application, for two reasons, namely, that in the solid 
form — 

1. It could be more easily transported ; 

9. It could be obtained at the least possible expense. 

Colonel Grrey then proceeded to describe the plan proposed by 
his Royal Highnesa, which was simply this : — to form a tank, with 
a perforated false bottom, upon which a filtering medium should 
be laid; and to. admit at one end the sewage into the tank, beiow 
the false bottom, when, according to the principle of water re- 
gaining its own level, the sewage liquid would rise throujj^h the 
filtering bed to its original level in the tank, and provided the 
filtering medium had been of the proper nature, and of sufficient 
thickness, it would be thus freed from all mechaiiiral impurity, 
and would pass off into the drain, at the other end of the tank, as 
clean and clear as spring water. This simple and effective plan was 
illustrated by drawings, showing the vertical and horizontal sections 
cf the tank,and by a neatly constructed model of its external form and 



internal arrangements. It was also dearlv 
how the sewage matter could be let into the tank, or shut off, when 
necessary, in tiie simplest manner, by means of common valves; 
and with what facility such a filtering tank might be applied to 
every existing arrangement of sewers without requiring any altera- 
tion in their structure. The filtering medium having abstracted 
from the sewage all extraneous matter, would, in aU probid>ility, 
become the richest manure, and could, at any time, by stopping 
the supply of sewage, be taken out by a common labourer with a 
shovel, and carted or shipped to any place thought most desirable. 
The solid matter, too, held in suspension by tlie sewage, would 
probably form a very rich deposit at the bottom of the tank, of a 
substance approaching in its qualities to guano, and could be 
extracted by removing the false bottom, which rested on arches or 
vertical supporters over the sewage belo«r it in the tank, and could 
be easily made to lift up or take out for the purpose of such extrac- 
tion. Two tanks might easily be constructed together, so that one 
might continue in operation while the other was being emptied. 
The experiment mignt be tried at any house-drain in town or 
country; in fact, his Royal Highness had himself tried the opera- 
tion on a small scale with apparent success; and while he thus 
suggested an important and extensive application of the hydrosta- 
iiS^ principle involved in the plan proposed, he wished to lay no 
claim to originality in the adoption of that well-known law of fluid 
bodies by which they make an effort, proportionate to their dis- 
placement, to regain their original equilibrium. On that principle 
was founded as he was well aware, the upward-filtering apparatus 
used by the Thames water companies. His Royal Highness s great 
object was by the simplest possiole means to attain a great end; to 
effect an essential sanitary improvement, and at the same time to 
create a new source of national wealth by the very means employed 
fur the removal of a deadly nuisance, and the conversion of uecom- 
posing matter highly noxious to animal life into the meet powerful 
nutriment for vegetation. 

His Royal Highness, too, wished to offer no opinion on the 
details required to complete the plan proposed, oi on the mode of 
carrying it out in the most effective manner. Supposiiig it to be 
right in principle, its advantages in an economical jpoint of view 
could only, his Royal Highness conceived, be ascertained by prac- 
tical experience; and it was on that account that he wished to sub- 
mit it to the consideration of the Agricultural Society, who might 
be better able to carry out the necessary experiments. It would 
remain to be decided what is chemically or mechanically the best 
and what the cheapest substance for the filter; what the best and 
cheapest construction of the tank; how long the sewage will pass 
before the filter becomes choked; and how soon the filter coula be 
suflSiciently saturated to make it profitable as a manure. His Royal 
Highness had used as the filtering medium, the following sub- 
stances: — 

1. Charcoal: — admitted to be the most perfect filtering substance 
for drinking water, retaining effectually extraneous matters, and 
well known for its singular powers of purification. 2. Gypsum 
(plaster of Paris, or sulphate of lime): — recommended by agricul- 
tural chemists for fixing ammonia and other volatile substances, 
by the decomposition to which it becomes subject when exposed to 
the action of volatile alkali. 3. Clay: — ^in its burnt state, would 
act mechanically as a filtering bed ; and in its unbumt state, on 
account of its aluminous salts, has also the property, like gypsum, 
of fixing ammonia, or of decomposing the ammoniacal and other 
alkaline salts present in manure: and in either state would be 
cheaply procured. 

All these substances, his Royal Highness thought, would in 
themselves be highly useful as manures, independently of the 
purpose they would subserve as agents for filtration, or for the 
additional amount of manuring matter they would receive from 
the sewage which they purified. His Royal Highness, however, 
in thus incidentally referring to the substances he had himself 
employed for the filtering medium, was well aware how many more 
of equal, if not superior, value, would suggest themselves to others, 
who, like himself, felt an interest in effecting the important object 
proposed. As he had given no opinion on the general question of 
iquid or solid application of manure, but had merely stated the 
grounds of preference, in a practical sense, of the solid form over 
the liquid for the purposes of the filtering operation under con- 
sideration, his Royal Hi^rhness entered into no discussion of the 
amount of manuring matter retained by the filter compared with 
the soluble matter that might pass through it along with the water, 
and remain in that liquid in a soluble, colourless, and transparent 
form; nor of the value of such filtered water for agricultural 
purposes. 
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EXPERIMENTS ON CAST IRON. 

A Sflsms of Ekpbbiments on tke Compabatiye STBCNo-m qf dif- 
fereni Kinds qf Vaet Jrqn^ in thMr &impk Mate a« caH from the 
Pig^ and aUo in their oomponnded state as MiJtiurei; made ttnder 
th€ directions of HaaEBT Stephenson, Esq,^ Kith a iriew to the 
teieetian of the most suitaUefor the ^^rioue purposes required in the 
oomtruction o/ihc High Levei Bridge* 

The barg were all cast from the ^ame model, and as near as pos- 
sible one inch square. They were all weighted on the centre of 
their len^h bv a machine made expressly for testing the same, 
having a nxed distance of bearing of exactly three feet. 

The ejcperlnients were conducted at Gnteibead Iron Works 
between th^ months of September 1846, and February 1B4-7. 

The bars were all oast as near as practicable one inch square, 
those which were found to be defective in this respeot were rejected 
previous to tesiting. If, however, upon tbe breaking' of the bars 
and measuring across the section ot fracture, any difference from 
the true size was discovered, U was noted in the remurks. When 
the di Terence was not appreciable by measurement it is stated 
*' rather full in «ij;e;" when it was, the dimensions are given as 
1^ square, 1^ wide^ by iw^ deep, and when this occura, the 
breaking weights are reduced to one inch square. 

KoTB.— From this point +, wh«iief«r it oeeiui, the weighting wu eontlniiad bj tauh 
■hot, 7 pounds at a time, ran £rom a cup containing that weight, until the har brokcb 
when if any remained in the eup it was weighed haek«— B indicates the breaking weight. 

HOT-BLAST IRON. 



1. Metal mild and open in the grain at 
the centre of the bar. 



I. Scotch^ Hot Blast. 

Weight applied 

inlbi. 

406 

518 



2. Fracture more close than No. 1.. 



3. Close and uniform. 



{ 

r 

1 



630 

686 

B742 

406 
518 
630 
686 
+ 742 
B 779 

406 
518 
630 
686 
+ 742 
B804 



Defleetion. 

•265 
•36 
•44 
•51 



•31 

•39 

•495 

•535 

•59 

•655 

•315 

•41 

•54 

•61 

•65 

•74 



Mean breaking weight of the three bars, 775 lb. 



II. Coliness, No. Z.'^Hot Blast. 
406 



1. Metal clear and even in texture; open; 
rather dark in colour. 



2. MeUl as No. 1. 






518 


•395 




630 


•51 


Metil as tbove. This bar exceeded the 


658 


•54 


size by ^ in depth. 


686 


•575 




714 


•607 




+ 742 


•645 




^ B809 





406 



•325 

•43 

•56 

•59 

•63 

•82 

•35 

•475 

•62 

•665 

•74 

•30 



Mean breaking weight of tbe three bars, 789 lb. 



1. Dull grey fracture 



III Langloan, No. Z.^Hot Blast. 

406 

518 

630 

B728 



{ 



•33 
•44 
•575 
•66 



Set. 



•065 



•027 
•046 
•07 



•04 
•07 
•10 



•02 
•03 
•052 



•025 

•04 

•07 



Weigt^g^ 


OeflMtkM. 


Sit. 


- 406 


•SI 


•015 


2. Better firaetnre than No. 1. Soft open , ^ 


•415 
*53 


•025 
•05 


fluid iron. | ^^^ 


•695 




^ B7tS 


•71 




r 406 


•33 


•OSS 


518 
3. Ditto ^ «9n 


•43 
•56 


•055 


V. A^i»*v ••.• ....................a* OaO 


•075 


. B686 


•63 




Mean breaking weight of the three bars, 727 lb. 




IV. Omoa, No. L^Hot Blast. 








r 406 


•29 


•02 




518 


•38 


•03 




630 


•48 


•05 


1. Close even fracture. Colour darkish , 
blue. 


686 


•54 




742 


•60 






+ 798 


•67 






B940 


•845 




^ 406 


•30 


•022 




518 


•39 


•035 




630 


•49 


•047 




686 


•545 




2. Ditto • 


742 


•605 










798 


•675 






+ 826 


•71 




^ B938 


•86 




^ 406 


•28 


•015 




518 


•36 


•025 




630 


^55 


•04 


3. Appearance of fracture u preceding 


686 


•52 




bars, Nos. 1 and 2. 


742 


•575 






798 


•64 






+ 826 


•67 




^ B840 


•78 




Mean breaking weight of the three bars, 906 lb. 




V. Omoa, No. l.^Hot Blast. 






^ 406 


•33 


•02 




518 


•44 


•04 




630 


•565 


•0C6 


1. Colour dark soft, open, grey iron. . 


658 


•60 






+ 686 


•63 




- B771 


•75 




^ 406 


•32 


•015 


518 


•397 


•025 


630 


•505 


•035 


658 


•535 




2. Bar full in size ; metal as No. 1 i ^gg 


•565 




714 


•60 




+ 742 


•635 




^ B840 


•76 




Mean breaking weight of the two bars, 805 lb. 




VI. Redidale, No. Z.-^Hot Blast. 






^ 406 


•28 


•017 




518 


•375 


•03 




630 


•47 


•05 


1. Fracture clean; colour light grey; 


686 


•525 




free, kindly looking iron. 


742 


•58 




• 


798 


•64 






+ 826 


•67 




^ B1043 


•96 






r 406 


•265 


•01 




518 


•35 


•02 




630 


•435 


•03 


2. Ditto " 


686 

742 


•485 
•535 










+ 798 


•595 




L B943 


•76 




^ 406 


•25 


•012 




518 


•325 


•015 




630 


•41 


•02 


3. This bar was 1,^ deep ; the breaking 


686 
742 


•45 
•50 




weight is given as reduced to one ^ 


798 


•555 




inch. 


826 


•585 






+ 854 


•615 






1124 


•95 




^B 1056 






Mean breaking weight of the 


three bars, 1014 lb. 





TEE CIVIL SKOINSER AND ASCHITJECTS JOUXMAL. 



19S 



VIL 



No. L-^mt Bkui. 



W-J«£*W 


DtfleeUon. 


8«t 


rlneiiift;e^«r dark; loft, open . 
giaiBiroii. 


r 406 
518 
630 
686 
742 
+ 770 

. B795 


•305 

•405 

•52 

•60 

•66 

•70 

•725 


•025 
•055 
•072 


'iO» M No. 1 btr •• •••••• 


r 406 
518 
630 
686 
742 

^ B809 


•317 

•425 

•545 

•615 

•69 

•775 


•035 
•065 
•095 






«.atNot.luid2 


r 406 
518 
630 
686 
742 
+ 770 

. B777 


•315 

•415 

•54 

•61 

•685 

•725 

•735 


•03 
•05 
•07 


^»y ^^m ^w w ^ ■■■vw ^ v« «« «v vv pv •■ 




Mmh bnOisg weight of the 


(three bare, 


7941b. 




UimUe, No. l^Hoi Bkut. Ban eo$i from metal mU pmrpoedp 
firtmtbig. 


Ill gfcy coloar; rather open io . 
middle. 


r 406 

518 

630 

+ 686 

^ B9S4 


.32 
•42 
•54 
•61 
•97 


•025 

•04 

•07 


■ dear metal, like to No. 1 bar.. • 


r 406 
518 
630 
686 
742 
798 

. B826 


•315 

•425 

•565 

•635 

•705 

•78 

•8S 


•03 
•06 
•07 
•085 


1 bar was 1^ iqaare ; the metal 
dear bright fracture, like to the ^ 
preeoding ban 


^ 406 
518 
630 
686 
742 
798 
+ 826 

^ B996 


•325 

•425 

•54 

•605 

•675 

•75 

•79 

•102 


•03 
•045 
•065 
•075 


Mean breaking weight of the 


three ban, \ 


U91b. 




IX. Tow-Law, No. 3.- 


^Ilot Blatt. 






kO| abort iron ; light grey eolonr ; 
mUd and clear. 


r 400 
518 
630 

. B686 


•35 

•485 
•645 
•70 


•03 
•06 
•095 


ir, good appearanee, but evidently ^ 
tender iron. 


^ 406 

518 

630 

+ 686 

^ B731 


•37 

•495 
•585 
•715 
•775 


•03 

•045 

•07 


Mean breaking weight of th 


e two ban, 708 lb. 




6 brtakini weight of the preceding 
of liDt-blut irQu • ■ ft 


25 ban, cait from nine 


8261b. 


1 ultimate deaection from 23 of the 


ban 


. 


•789 in. 


B permaiieiit «et acquired in 22 of t 
b. . . • • • . 


be ban from 


a weight of 

. . . 


•066 



COLD-BLAST IRON. 
Siaffordthire, No. Z,^Cold Bkut. (Numbtr doub(fltlJ 



or dark; iron soft and open for 
No. 3 iron. 



WlghtjppUad 


I>0fl«CtiOO. 


8«t 


r 406 


•305 


•02 


518 


•40 


•036 


630 


•51 


•05 


686 


•57 




742 


•64 




+ 770 


•675 




I B867 


•79 





""^ff^ 


BtiMtion. 


8«t. 




r 406 


•285 


•015 




518 


•37 


•03 


2. Not qnito aodarkoolonraaNoi 1 bar. , 


630 
742 


•465 

•59 

•62 


•035 


BarratborfnUinaizo. 


770 






+ 798 


•655 






L B955 


•85 






r 406 


•32 


•02 




518 


•42 


•035 




630 


•53 


•065 


8. Similar fracture to No. 2 bar. SUght ^ 


686 


•59 






742 


•66 






770 


•70 






. B798 


•7S 




Mean breddag weight of the throe ban, 8781b. 




IL Craumia^ WMk irom, No. L^Cold BlatU 






f 406 


•295 


•025 




618 


•385 


•046 


1. aear bright fhtetnre; metal open ^ 
and free. 


630 
686 

742 


•49 
•65 
•62 


•05 




+ 770 


•655 




• 


L B900 


•82 






r 406 


•32 


•025 




518 


•42 


•045 




630 


•53 


•06 


2. Ditto, aa No. I bar -l «86 


•60 
•665 




^m A^AVwrp ^1^ •^^r* ^ «r^* vvvvvvssavvva^ ~~ — ^--- — 


1 742 




1 +770 


•70 




L B845 


•81 




^ 406 
1 518 


•275 


•012 


•36 


•03 


3. Bar ilighUy full in tiie ; metal aa in J 630 


•465 


•05 


the preceding ban. i 686 


•525 




+ 714 


•56 




^ B874 


•77 




Mean breaking weight of the three ban, 873 lb. 




III. Btaenaooih No. 1.— Cbtf Bla^. 






r 406 


•34 


•035 




518 


•46 


•055 


1. Colour dark grey; open free iron .. *< 


630 


•62 


•095 




686 


•715 






. B742 


•79 






r 406 


•35 


•037 




518 


•465 


•06 


2. Ditto aa No. I bar •< 


030 

+ 686 


•607 
•705 


•105 








. B806 


•91 






r 406 


•36 


•045 


S Ditto u No. 1 and 2 ban. Slight , 


618 
630 


•485 
•65 


•06 
•11 


defect on under side. 


686 


•735 






L B714 


•78 




Mean breaking weight of the three ban, 7641b. 




IV. Omtkrook Vaie, No. l.^CoU BUui 








r 406 


•325 


•Olt 


1. Close doll. fracture; defect in under- ^ 


518 
630 


•42 
•52 


•015 
•03 


side. Bar anapped suddenly. 


742 
. B784 


•635 




. 406 


•285 


•015 




518 


•38 


•02 


2. Clearer fraeture than No. 1 iron ; n- ^ 


630 


•48 


•03 


tber dose for No. 1 quality. 


742 


•58 






+ 770 


•61 




^ B905 


•76 




^ 406 


•28 


•015 


S. Similar fraeture to No. 2 bar; slight 


518 
630 


•37 
•455 


'02 
•025 


defM in upper side. Rather fnU in ^ 


742 


•556 




size. 


+ 798 


•615 




^ B938 


•76 




Mean breaking weight of the 


three ban, 87C 


»lb. 
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V^ 



y. Cfm»r90k Vmk, No. Z.—CM Bkut. 



Wfllffht api^led 
iBlbi. 



1. Light eoloiir ; cIom Iron ; slight de- 
fect on upper tide. Bar ntber fall in 
sise* 



2. Frtctore time in colour and appetr- 
ance ai No. 1 bar. 



3. Similar fraetore to No. I and 8 ban . 



406 -SO 

518 '885 

630 MB 

742 -595 

798 -655 

910 -77 

406 •285 

518 -57 

680 -455 

742 -56 

708 •62 

048 -775 

406 -28 

518 -365 

630 -455 

742 -56 

798 •62 

826 -65 

835 -66 
Mean breaking weight of the three bars, 897 lb. 

ATCrage breaking weight of the preceding 15 ban, east from Ave 
torts of cold-blast iron 

Average nltimate deflection from 14 of the ban 

Average permanent set acquired from 15 of the ban, with a weight 
of 630 lb 



8«t. 

•01 

•015 

•022 



•015 
•017 
•017 



•015 
•025 
•03 



8551b. 
•784 in. 

•051 



MIXTURES OF IRONS. 

Yitalyfera, No. Z.-^Hoi Blott. JnihraeUo. Tkoto hon do not rigUi^ 
come wilder the head qfmisttaret, but aro placed here from their peemUa- 
rity at being Anthracite iron. 

>. 406 •235 

j 518 -265 

1. Metal close, of erentextnre. Colour J 630 -SSg 

silrery grey. ] 686 •43 

+742 ^48 

^ B877 -67 



2. Metal very close, fractare even, 
lour silvery grey, as above. 



Co- 



406 
518 
630 
686 
742 
770 
+798 
^B 1008 

406 
518 
630 



3. Metal as the preceding ban, in co* ^ 
lour and appearance of fracture. 



4. Metal as above •< 



5. Ditto as above f 



G. This bar being cast large, was filed 
on the sides to exactly one square inch, 
with a view to ascertain if the outer 
skin or crust was advantageona as to 
strength. 



742 

770 

798 

+886 

B098 

406 
518 
630 
742 
708 
+826 
BI036 

406 
518 
630 
686 
742 
798 
826 
+854 
B 1041 

406 
518 
630 
686 
742 
798 
+854 
B1026 



•265 

•315 

•42 

'406 

•515 

•53 

•57 

•77 

•265 

•345 

•425 

•48 

•535 

•56 

•595 

•62 

•815 

•28 

•37 

•455 

•55 

•61 

•64 

•85 

•25 

•325 

•407 

•45 

•405 

•555 

•575 

•60 

•79 

•255 

'34 

•415 

•46 

•515 

•563 



•005 
•005 



•01 

•01 

•015 

•025 

•04 

•04 

•05 

•055 

•015 
•02 
•02 
•03 



•01 

•017 

•02 

'025 

•03 



•076 

•01 
•026 
•025 
•036 



Mean breaking weight of the six ban, 0081b, 



•81 



T I7etatgf^rmtNo.Z^^Antkraeiie\imefnalprepor* 
^ \ Blaenaoon, No. l.^Cold Blaetf 

r 



I. FraeCare uniform darkiah grey ; 
ther open. 



( 



2. Clear uniform fractare ; rather closer . 
than No. 1 bar. ^ 



3. Clear iron; rather open, bluish grey 



406 
518 
630 
686 
+742 
B802 

406 
518 
630 
686 
742 
+798 
L B925 

r 406 

il 518 
630 
686 
+742 
B812 



•286 

•376 

•47 

*535 

•606 
•83 

•26 
•35 

*4t5 

•51 

•57 

•65 

•84 

•325 
•415 
•54 

•61 

•645 

•80 



•OS 
•05 
•08 



Mean breaking weight of the three bars, 876 lb. 
r Gareenbe, No. l.^Hot BUut \ in equal proper- 



II. 



\ 



I. Cloae grained, rather dark in colour. 



2. Similar to No. 1 bar . 



No. Z.'^Hot BUut j 

(No. 1 Caeto/bare.j 

^ 406 
! 518 
630 
686 
+742 
B99i 



406 
518 
630 
686 
742 
798 
+826 
B971 



tiont. 



•27 
•335 

•44 

•49 
•65 

•84 

•275' 

•365 

•465 

•52 

•575 

•635 

•6H 

•87 



•03 

•OSJ 



Mean breaking weight of the two ban, 981 lb. 

f TT J Cfartcube^ No. I -^Hot Blait\in equalprovor* 
*"• \Red9dale, No, Z.^Hot BUut i tUnu. 



fNo.2 Cast qf bars J 



1. Metal soft and open at centre of bar. 
Cast at an angle of 15°. 



2 More close than No. 1 bar. Cast at 
an angle of 15^ 



Fracture like to No. 1 bar. Cast at 
an angle of 20°. 



496 
518 
l»30 
686 
742 
+798 
B812 

406 
618 
030 
686 
742 
+798 
BIOOO 

400 
518 
630 
686 
742 
+798 
B910 



'305 

'39 

'495 

•65 

•61 

•676 



•28 

•3T 

•465 

•52 

'585 

•64 

•8» 

•28 

•38 

•485 

•55 

•616 

•676 

•825 



•01 
•02S 



•015 
01 



•01 
•015 



Mean breaking weight of the three ban, 907 lb. 



-V / Dundyvan, No. Z.^Hot Blast. \ hn 
*^- \CoUness, No. Z.^Hot Blast.] 



1. Mild open metal 



406 
518 
630 
686 
742 
+770 
B833 



egualpropor* 
tions. 

•29 

•385 

•49 

'55 

•61 

•655 

•725 
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m 



N«.lbw. 



Wtiflil ilViM 
Inlte. 

400 

618 

OSO 

68S 

74S 
+T70 
B860 



mr good fracture, bat evidently 
lU teMMlty, from ile breakiag with 
itile deacctioii. 



r 400 

618 

680 

068 

+086 

^ B779 



•80 

•806 

•40 

•646 

•01 

•04 

•14 

•885 

•486 

•68 

•606 

•60 

•00 



•016 
•08 



•08 
•04 



Mean bredciog weight of the three hare, 881 Ih. 



L CoUmm, No. Z^Boi BkutJ '"^^ 



bctart clear and eiea; metal mild 



grej; metal rather opeo at 
centre of bar. 



tal as No. 8 bar . 



400 


•876 




618 


•876 




080 


•486 




086 


•66 




748 


•086 




770 


•075 




+798 


•706 




B870 


•80 




400 


•816 


•086 


618 


•416 


•06 


080 


•68 




086 


•60 




748 


•67 




+770 


•71 




B887 


•88 




400 


•825 


•08 


618 


•4<5 


•08 


080 


•55 




080 


•o-i.> 




714 


•005 




748 


•70 




+770 


•78 




B816 


•ht> 





Mean breakiog weight of the three bars, 860 lb. 



VI. J Owae. No. \.-Hot BM P ^J^^ 
t Forth, No. Z.-^Hot BUutJ "*•*• 



rk bluish grey; rather toft. Bar 
igh'ly defectire on upper tide. 



talatNo.lbar 



400 
618 
080 
666 
714 
+742 
B817 

406 
618 
630 



714 

+748 
L B847 



•88 

•425 

•65 

•02 

•00 

•70 

•806 

•38 

•46 

•68 

•006 

•70 

•74 . 

•91 



406 


•88 


618 


•48 


680 


•66 


686 


•686 


714 


•675 


+742 


•716 


B824 


•88 



•026 
•04 



•03 
•045 



•02 
•036 



tal as No. 1 and 2 bars ; dark in 
colour, and soft. 



Mean breaking weight of the three Imuv, 829 lb* 

hma, Blair, Clyde, LmgloaM, Forih, and CoUne$9i •ll No. Z.-^Hoi 
BUuif m egmai proportiont. 



ictnre clear; would indicate good 
iron. 



400 


•27 


618 


•87 


030 


•47 


086 


•68 


742 


•6a 


B708 





rdikti9l 
talfet. 



8. Fractore like to No. 1 bar . 



Clear, onifonn. and 
dark. 



dose; rather 



' 400 


•866 




618 


•86 




080 


•46 




686 


•61 




748 


•66 




+770 


•68 




L B966 


•88 




r 4M 


•8 


•016 


618 


•89 


•026 


680 


•486 


•08 


748 


•61 




.-798 
^ B9I0 


•676 




•84 





Mean breakiag weight of the three bars, 901 lb. 
VIII. Seoieh Hoi Biatt md Scr^. ordhuay Fomidrp Mixtwro, /6r generai 



1. Metal close ; dull grej . 



8. Fracture brighter than No. 1 bar . 



8. Close and like to No. 8 bar. Bar fall 
in »iae by neariy ^ in depth. 



400 


•996 


•016 


618 


•876 


•026 


030 


•48 


•037 


080 


•64 


•046 


748 


•60 




B798 


•066 




406 


•896 


•08 


618 


•886 


•0-iO 


080 


•49 


•045 


086 


•646 


•052 


738 


•606 




+770 


•686 




B909 


•80 




406 


•886 


•01^ 


618 


•87 


•OZ 


030 


•466 


•036 


066 


•686 


•046 


748 


•686 




770 


•61 




+798 


•64 




B929 


•78 





Mean breaking weight of the three bars, 879 lb., 

lY / Carmbroo, No. l,^Hoi Bloat \ in ogual propoT" 
^^' \ Redsdak, No. Z^Hot BUut / 



1. Clear open; light colour. 



{ 



400 
618 
030 
686 
B714 



•81 
•40 
•60 
•60 
•696 



8. As No. 1 bar. Lighter colour than 
than the Coltness and Langloan bars. 



400 
618 
080 



•30 
•39 
•49 
•446 
^ B720 -69 

Mean breaking weight of the two bars, 717 lb. 



+««« 



X. 8amo iron a$ No. 9, irtM an addUion qfono-third qfSert^ iron. 
Scrap would hoprineipaUy Coid BUut. J 

f 400 •206 

618 •866 

030 -44 

1. Metal free to work. Fracture clear I 080 -49 

and bright. \ 748 •646 

770 •686 

+798 -OOO 

B826 '64 



•017 
•OIT 
•026 



•02 

•026 

•04 



CTke 



[ 



8. As No. 1 bar . 



8, As No. 1 and 8 bars . 



P 400 

618 


•26 


•33 


630 


•410 


686 


•40 


748 


•52 


770 


•646 


+798 


•67 


'^ B920 


•085 


r 406 


•27 


618 


•86 


630 


•486. 


086 


•49 


748 


•54 


770 


•57 


--798 


•69 


^ B933 


•7» 



Mean breaking weight of the three bars, 898 lb« 
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y, J Cravthay f^elahj Tio, 1 — Cold Bhii \ m equai prftpW' 
^^' I CoaibrooJttM§, No. l—Cold BUui f iitmt. 



I. Grey ; free open metal . 



2. Metal dark- bluish grry; soft 
open at centre of Imu*. 



and 



S Metal aa No. 2 bar. 



Weight apidtod 


I>efleclkM. 


B«t. 




r 406 


•8 






618 


•89 






6S0 


•50 




, 


686 


•58 






742 


•65 






+770 


•71 






L B987 


•96 




r 406 
518 


•88 


•04 


•44 


•05 


! 680 


•58 


•08 


686 


•66 




+714 


•70 




^ B766 


•775 




406 


•81 


•02 


518 


•415 


•08 


630 


•55 




686 


•62 






714 


•665 






+742 


•71 






L B880 


•92 




^ 406 


•54 


•08 




518 


•45 


•05 




6S0 


•585 






686 


•67 






+714 


•715 






>- B887 


•92 





4. As preceding bars, dark and open 



Mean breaking weight of the foar ban, 855 lb. 

Xn. The Scrap inm uted tfot primeipaUy old nUU em$iinff9, iueh at tht^§, 
Ummerif roU$, Sfe,, eM^y qfJFMk CM bUmt iron. 

Ytiaiyhmt Ko. 3— Anthi«dti! 40 parts . 

BirdKltlfr, Nd.S— Hot BiMt .., 
Crmwihuj-, tfo* L Cnld Btiist. , 
BlAsnivon, Ho. 1 — CglJ Ji|ji»t. 
Coilbrooli-diJt, Hij. l~-Colil Blast. . . 
ScrEiPf tclrdtii] (cLoai]) 80 



40parts^ 

40 „ ] 

40 „ I 

»0 „ f 

rt....«0 „ 
»0 .. J 



Mixton of Iron selected Ibr easting tba 
arch ribs of Um Higb L«?tl Bridge. 



FIRST CAST. 

Defective near the centre of bearing. 




(Half sise), short of metal in casting. 



2. Defective in like manner to No. 1 I 
bar. Metal clear, close grained, and { 
even. ' | 



406 
518 
030 
686 
742 
798 
826 
B864 

400 
518 
630 
686 
742 
708 
+826 
B886 



•25 


•012 


•845 


•015 


•425 


•03 


•48 


•042 


-585 


•05 


•58 




•61 




•65 




•28 


•012 


•87 


•017 


'45 


•008 


•496 


•004 


•545 




•605 




635 




•70 





Mean breaking weight of the two bars, 870 lb. 



SECOND CAST. 



406 
518 
680 



/. Colour dullish Rrey. Fracture close , 
and even. ^ 



2. Light silvery grey colour; close 
grained and uniform. Bar full in 
size, 1^ wide by J^ deep. 

Breaking weight, 1060, reduced to one 
inch square. 



742 
770 
798 
+826 
.B 1048 

406 
518 
680 
686 
742 
798 
826 
854 
+882 
1198 



•25 
•82 
•402 
•45 
•50 
•525 
•55 
•575 
80 

*24 

•815 

'887 

•48 

•48 

•525 

'547 

•575 

'60 

•965 



•006 
•015 
•025 
•085 
•045 



•005 

•015 

•02 

•08 

•04 



Weight appUad DeflcetioB. 



8. Fracture as No. 2 bar, in colour, &c. 
Bar full in sise, 1^ wide by I deep. 

Breaking weight, 1072, reduced to inch 
square. 



Mean breaking weight of the three bars, 1058 lb. 

XIII. Second wMing^fnm the metal qf a drfkcttoe nb-piece, wUhtn 
addUion qfmew **pig:' 

1. While metal; ffaclure cryptailiD^ ;" 
very hard ; and radiating thas>-> 



in lbs. 




406 


•24 


518 


•81 


680 


•89 


686 


•481 


742 


•48 


798 


•585 


826 


•555 


854 


•59 


882 


•615 


+910 


•64 


1144 


•915 




406 
B518 


•195 
•25 


406 

518 

582 

B546 


•208 
•255 
•265 
•27 


406 
B518 


•215 
•27 



XIV. Metal 9tm§a» No. 12 oeUcted for the bridge ribs. 
Abbot and Co.J 

CAST FROM THE CUPOLA. 
406 
518 
630 
686 
742 
798 
826 
+854 
B884 



1. Bar very defective on top side. Metal 
dull, grey, close, and naiform. 



2. Iron close and uniform, of a dull light 
grey colour. 



406 
518 
630 
686 
742 
798 
826 
+854 
B928 



CBare ea 



•29 

•875 

•47 

•58 

•59 

•65 

•685 

•72 

•76 

•29 

•37 

•475 

•535 

•595 

•66 

•695 

•78 

•84 



Mean breaking weight of the two bars, 906 lb. 



1. Iron very similar in colour and ap- 
pearance to the two preceding bars. 



CAST FROM THE AIR FURNACE. 
406 
518 
630 
686 
742 
798 
826 
+854 
LB 1028 



2. Bar very defective, or the result would 
have been very great. 




406 
518 
680 
686 
742 
798 
826 
+854 
B891 
Mean breaking weight of the two bars, 957 lb. 

XV. Mixture/^ RaOway Chairs. 

Vh part Crawthay, No. 1— Cold Bkut. 
irdpart Rededale, No. ^^Hot Blatt. 
Ithpart Scotch, No. I and ^-^Hot BUut. 



Matal mild and open,of adark bluish- 

Iiy. Slight defect oa top of bar. 
arratkwfaUiDiiie. 



•28 

•365 

•465 

•52 

•575 

•635 

'67 

•70 

•94 

•27 

•855 

•46 

•52 

•585 

•65 

•685 

•72 

•77 



s: 



406 


•315 


518 


•42 


680 


•54 


686 


•62 


742 


•70 


770 


•74 


■798 


•795 


885 


•86 
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Applied DeflaellOB. 



B«t 





^ 406 


•S8 


•OS 




618 


•45 


•045 




6»0 


•60 


•086 


1 Metal AA No. 1 bar •( 


686 
743 


HI9 
•765 


•115 








+770 


•88 






L B807 


•91 






r 406 


•ao5 


•085 




518 


•40 


•06 




6S0 


•63 


•08 


S. Xcttl sbade lighter than No. 1 and 8 < 


686 


•605 


•10 


bars. ^ 


742 


•685 






770 


•75 






+708 


•78 






^^ B823 


•84 





MeaD broaking weight of the three bars, 828 lb. 
XVI. Mixture/^ Railway Chain, 
ithpari Crawakay, No. I— Cold BkaL 
^part MadmUOa, No, Z'-Hoi Blati. 
^dpari Scaieh, No. 1 and %^Hoi Biati. 

r 



1. Dark grey; nniform texture. 



8. Metal doll grey, ai above; close and 
auifurm. 



8. Metal as No. 1 and 2 bars . 



406 


17 


•012 


518 


•85 


•02 


630 


•485 


•03 


686 


^85 


•04 


742 


•54 




798 


•6a 




826 


•625 




+854 


•655 




B951 


•77 




406 


•27 


•017 


518 


•36 


•02i: 


630 


•455 


•035 


686 


•61 


•05 


742 


•665 




798 


•625 




826 


•66 




+854 


•69 




B944 


•80 




406 


•295 


•016 


518 


•88 


•035 


630 


•48 


•04 


686 


•535 


•05 


742 


•595 




798 


•635 




826 


•665 




854 


•685 




+882 
B889 


•716 
•72 





Mean breaking weight of the three bam, 9281b. 



BBOIBTElt OF 



STEAM BOILERS. 

WiuJAM Edwabd Newton, of Chancery-lane, Middlesex, civil 
engineer, for ^^an invention of certain improvement* in steam 
hoUerer (A communication. )--Granted August 23, 1849; En- 
rolled Febmary 23, 1850. [Reported in Newton t London Journal.] 

The annexed engraving represents, in longitudinal vertical sec- 
tion, a boiler constructed according to the present invention; a, 
the fire-place; 6, the fire-bars, surrounded by a wall of fire-bricks 
Cj built upon a ledge or platform », made of sheet or wrought-iron, 
and set in the masonry. The wall of fire-briclcs thus forms a kind 
of shallow well, the bottom of which is formed b^ the fire-bars 6. 
Fuel is supplied to the fire-place through an opening in front. The 
upper part e, of the fire-place, where the heat from the fuel is de- 
veloped, is made conicd, with an aperture at the top for the escape 
of the non-combustible faaes up the flue/. The water of tne 
boiler surrounds this conical fire-chamber and vertical flue; and 
the effect of this arrangement is, that the greater portion of the 
rays of heat, which radiate from the incandescent fuel, impinge 
against the sides of the cone, and are absorbed by the water which 
aorrounds the same; while the rest are reflected back upon the 
fuel, and the heat in the fire-place is thereby very considerably in- 
creased; so that, as the combustible gases are evolved from the 
fuel, they are immediately consumed, instead of passing into the 



flae or chfaniiey and esoming naeleealy into the atmosphere. The 
conical chamber «, and the flue fy leading therefrom, the inventor 
prefers to oonstruct of sheet copper, — uiat metal bein^ a much 
better conductor of heat than iron. ^, is the outer casing of the 
boiler, made of sheet-iron, and surrounded on all sides by a bed of 
sand, or other bad conductor of heat, for the purpose of preventing, 




as far as possible, loss of caloric by radiation* The boiler is, by 
means ofa supply-pipe A, kept nearly full of water, as shown; and 
the steam that is generated in the boiler passes therefrom through 
a pipe k^ into the steam-chamber t, wherein any water that may 
come over with the steam will be deposited; and only dry steam 
will be allowed to pass from the upp^r P^rt of the vessel », down 
the steam-pipe/, to the engine. Tne steam-chamber t, is furnished 
with a safety-valve k\ and the upper end of the flue or chimney/, 
is provided with a throttle-valve, for the purpose of regulating the 
draft. Air, to support combustion, is supplied by the pipe /, to the 
ash-pit, where it oecomes warmea before it acts upon the fuel. 
When It is reouisite to remove the conical chamber e, and copper 
flue/ and replace these parts by new ones, the top or cover g\ of 
the boiler is nrst removed; the oase of the cone e, is then detacned 
from the cast-iron platform p, and the feeding aperture d^ from the 
sides of the vessel g; after which, the flue / and conical chamber 
e, are free to be lifted out, without deranging or displacing anv- 
tning else, and a new chamber e, may be readily adapted to the 
boiler. 

In order to set forth with clearness the nature of his improve- 
ments, the inventor makes the following observations on the prin- 
ciple of the generation of steam: — ^^It is based," he says, ^^upon 
the difference in density or temperature of two bodies — viz., the 
incandescent fiiel and the water, which have always a tendency to 
balance themselves or maintain an equilibrium. Thus, in order to 
maintain a given expansive force of steam, certain conditions are 
necessary^-viz., first, the combustion of a given quantity of fuel in 
the fire-place; second, a certain temperature of the fluids in the 
flue or chimney must be maintained, dependent of course upon 
the temperature required in the boiler; third, the metal, of which 
the inner parts e, and/ of the boiler are constructed, and which 
transmit tne caloric from the fire to the water, must be one of 
the best conductors of heat, and be placed in a condition to con- 
duct the heat as auickly as possible from the fire to the water; and 
fourth, the metal of which the outer part of the boiler is con- 
structed should be preserved as much as possible from radiating or 
conducting away the caloric. The above conditions are necessary, 
because the volume of steam will correspond to the volume or 
quantity of fuel employed; and upon the temperature maintained 
in the chamber 6, and chimney / will depend the rapidity with 
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which ht^at will be trtinsmitted and fiteam can be produced; the 
quicker and more powerful the trfin«mkB»on of caloric may l>e, the 
lesii e]ctent of surface will be required: the pressure in the boiler 
will corres|>ond with, or he in proportion to, the temperature of the 
water; and this pressure wOl increii!«e or diminish as the tempera- 
ture of the water increases or diminishes. Now, the rays of he4%t 
beitipf divergent, and the temperature of the gases, which pass off 
by the orifice o( the chimney, being' in direct proportion to the in- 
tensity of the fire, or equal to that of the steam contained iu the 
boiler, we may conclude that the heating surface of the chamber e, 
ami flue /^ in more than sufHcient to take up and transmit the 
lnr;;jrei?t quantity of caloric whith can be given out by the fire; and 
that the speed with which this heating surface transoiitj* the cjiloric 
to tiie water is e(|tial to the rapidity with which caloric is given off 
from the iueande«icent fuel; and further, that the practice of using 
the large extent of heating surface, which it has always hitherto 
been considered necessary to employ, in constructing steam-biilers 
or generators, i^ not derived from a principle or natural law, hut 
merely from a rule laid down by con:itructors and engineers^ an^di 
admitted a prhri,'* 

The patentee claims the combination, with a vertical flue, of a 
conical tire-placo or enlarged heating chamber at the lower part of 
the same, or any mere modification thereof; whereby the intensity 
of the fire in the fire-phice may be greatly increased by a portion 
of the caloric given out from the incandescent fuel being reflected 
buck upon the fuel or combueitible gases in the enlarged heating- 
chamber; and which fuel and combustible gases are thereby more 
effect ualiy and economically consumed than in steam-boiler fur- 
naces, with a more e^itended heating surface and less intensity of 
heatp *^— * 

RAILU^AY WHEELS. 

E.vocH CuAsroERS, of Birmingham, smith, for '* iVw/>r*>i'^Mi?n/* m 
thf! tnaniifnciHrQ of wheeJ-t/J' — Grunted November 10, ItilJ); EnruUed 
Mny lu, 18^0. 

Wbeeh made according to this invention are each first made up 
into two lialveji, each hnlf consisting of one half of the ring or felloe, 
one haif the spokei*, and one-half of the nave^ all of wrought- iron, 
and the parts of a wheel are made in the folh*vi'ing manner: — For 
each half of the nave a block or phtte of iron is fi*rged in a cylin- 
drical exterior frame, with a flange or projection all round, and 
this flange or projection is to be drawn out by forging, so us to form 
projecting pieces at those parts in the circumference where the 
spokes are to be welded on. In the wheel shown in the drawiiiigs 
ivhicb accompany the specification there are eight spokes, four on 
each half'Vvheel, and in all case>* Ibis construction of wheel rei|uires 
to have an even number of spoke^^, httlf iieing affixed or welded to 
one-half of the nave, and the other half of the spokes being fixed to 
the other half of the nave, and the spokes being placed in such 
rebitive positions that thoi^e of the one half shall come into the 
spaceo between those of the other half. The priyection or flange 
being thu^ drawn out or forged at intervals on each half of the 
nave of an intended ivheel, so as to produce proper projci^tions for 
the purpose of receiving tlie spikes; the epulies are to be welded 
on, eavh spoke having n portion of the ring or felloe of the wheel 
forged tliereon, the alternate portions of the felloe or rifig being 
on the two half naves respectively; so th:it when the two are 
brought together, and the inner surfaces of the two half naxes are 
brought together^ they will form the wbeeh The two iialf naves 
are to be brought to a welding heat, and being placed one on the 
other in the position above described, are to be welded together by 
a suitable hammer or press* The patentee prefers to u!4e a steam 
hammer for this purpose; and the parts of the felloe or ring of the 
^^heel where they come together are also to be welded, and the tyre 
is to be shrunk on, and the wheel completed. The centre of the 
nave ui' the wheel is to be cut or turned out, and made suitable to 
receive the axle-tree, as shown, and as is well understood. 
Instead of welding the spokes and pE*rt of the felloe to the bitlf 
naves before welding the h^ilf naves together, the spokes and parts 
of tbe felloe may be welded on afterwards, but the former method is 
prefL*rreil In tlie preceding description special reference is had to 
railway * heels, hnt the same njetliod of construction is equally 
applii'ablc to wheels for common-road carriages and wagons. 

Ciaimjt- I. The manufacture of wheels by first making the nave 
in two parts (divided vertically) each having half the number nf 
&poke^, with a portion of the felloe attached to each spoke, and 
then welding together, the said two half uavej*, after which the 
tyre is shrunk on as usunl, — 2, The making of wrought iron naves 
with two flangen, each in receive, and have webleil thereto, one 
fejilf of the spoke.s vf wliich a wheel ia to be composed^ 



SIKMENS'S REGENERATIVE COXDEXSER. 

On Siemens f Patent R^geMrative Condenser, By Mr. C. W. 
Siemens, of Birmingham. (Paper read at the Society of ArU^ 
May 15th; Robert Stephenson, Esq., M,R, V.P., in the Chair.) 

The paper commences with a historical sketch of the Condenser 
of the Steam-engine, from the invention of Savery, in which & 
single vessel served the triple purpose of steam-cylinder, condenser^ 
and water-pumn, to James w att's injection condenser. Horn- 
blower proposed a surface-condenser, which was, however, deficient 
in extent of cooling surface, and therefore failed, as have many 
others invented since; the most prominent being that of Mr. 
Samuel Hall, in which tbe steam was passed through tubes ink 
mersed in a stream of cold water. This condenser has the serioui 
drawbacks of weight, costliness, and difficulty of getting rid ef 
the calcareous deposits from the condensed steam. 






Three years ago Mr. Siemens invented his surface-condenser for 
a situation where economy of space and material was essential. It 
consists of a number of copper plates ,^inch in thickness, 4^ 
inches broad, and "S feet long, which are piled together with two 
longitudinal ilattened wires of the same metal intervening between 
the adjacent plates, the whole pile being screwed up tight together 
between the sides ftf a rectangular cast4ron vessel, constituting 
the body of the condenser. The ends of the plates project through 
the top and bottom of the vessel, and are planed flush with its ex- 
terior surfaces, Tbe joints are at top and bottom, secured by 
means of india-rubber rings, scre^^ed down under small cast-iron 
frames, and which yield to the difference in expansion of the two 
metals. The flattened wires are laid parallel, and about three 
inches apart, and form, with the plates^ ^ large number of narrow 
passages, through which the cold condensing water flows in an up- 
ward direction without entering the vacuous space of the con- 
denjser, into which tbe end;* of the plates outside the flattened 
wircH — forming the condensing surfaces^ — project. The heat of the 
steam i<a thus passed through the )date.s, from their edges towards 
the centre, to the condensing water,— the limit to its efBciency 
being the conducting power of the metal. 
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The emntial teturw of this iny«ntion are its comparative 
cheapoen of eonatraetion, the easy aoeoM it affords to the water- 
channels, and reduction in the quantity of condensing-water 
required. Its dimensions are as follows:^* 

Heat-abtorbiiig inrfaoe by the the water • 18 iq. feet per h.p. 
CoBdeuriag Mirfue ...... 9 do. do. 

ThiciiiieM of metal through which the heat 

it eoadoeted U inch. 

Weight of copper . • • . • • . 60 lb. per h.p. 

Space oeeopied by plates -4 cube feet per r.p.; or 

<|i^h part of the epace occapied by the tobet in Hall't condenicr. 

Bneonraged by the success of this condenser, Mr. Siemens has 
directed his attention to the achievement of a still more important 
object, whidi is to condense the steam in such a manner, tnat the 
mndenting water i99U99 into the hot weil at boiling heat^ and yet pro- 
ducea an efficient Wicuum within the working cylinder. This 
appears paradoxical at first sight, yet it has been succesfuUy ac- 
complished by a perfectly new principle, called by Mr. Siemens the 
^Regen e r a tive Principle of Condensation.' It consists of a rect- 
angular trunk A, of cast-iron, the lower end of which is cylindrical, 
and eoDtains a working piston P, which performs two strokes for 
eaeh <Hie of the engine. In the trunk is a set of copper plates B, 
upright and parallel to each other, — the intervening spaces beinff 
the same as the thickness of the plates, viz. — between ^th and 
^th of an inch. 

The upper extremity of the condenser communicates on one side 
to the exhaust-port of the engine, and on the other through a valve 
V, to the hot-well H. 

The plates are fastened together by five or more thin bolts, with 
small distance-washers between each plate. There is a lid at the 
top of the trunk, by removing which the set of plates can be lifted 
out. Immediately Delow the plates the injection-pipe enters. 

The action of the condenser is as follows: — Motion is fiven to 
the piston by the engine, causing it to effect two strokes for every 
one of the engine. At the moment that the exhaust-port of the en- 
gine opens, tne plates are completely immersed in water, a little of 
which has entered the passage above the plates, and is, together with 
the air present, carried off b^ the rush of steam into the hot-well, 
the excess of steam escaping into the atmosphere. The water then, 
in consequence of the downward motion of the piston, recedes 
between tne plates, exposing them gradually to the steam, which 
condenses on them. Their upper edges emerging first from the 
receding water are surrounded by steam of atmospheric pressure, 
and become rapidly heated to about 210^. The emersion of the 
plates still continuing, the steam is constantly brought into con- 
tact with fresh cool surface, by which the ffreater portion of it is 
condensed, until, as the piston descends, the injection enters and 
completes the vacuum. This is done by the time the working 
piston of the engine has accomplished fth of its stroke. The 
upper extremities of the plates become heated to near 210°, and 
the lower to about 160^ 

Taking the initial temperature of the condensing water at 60*', 
the final temperature at 210°, the latent heat of steam at 212^ 
960 units, the quantity of water required is 6*0 lb. to condense 
1 lb. of steam of atmospheric pressure. The common injection 
condenser (supposing the temperature of the condensed steam to 
be 110**) requires 21 -Sib. in place of 6*6 lb. 

The advantages of this condenser are:^* 

1. Additional effective power gained on account of the vacuum 
^ so per cent, taking the pressure of steam at 40 lb. above the 
atmosphere, and vacuum in the cylinder 12 lb. 

9. Heat saved ip generating steam by the use of boiling feed- 
miX/er = }0 per cent, over the ordinary method of heating the 
feed-water to 110^. or 15 per cent, when no use is made of the con- 
densed . water for tnat purpose. 

' 8. The steam which escapes uncondensed may be used to cause 
dran^t. 

4. The displacing cylinder takes no motive power. 

5. The condenser may be started and stopped at any time by 
turning the injection water on or off. If turned on, it at once forms 
the vacuum without involving the necessity of blowing through; 
and if turned off, it allows the engine to proceed as though it had 
not a oondenser. 

6. The air contained in the condenser is at each stroke com- 
pletely ct^cpelled. 

7. Greater compactness, and less expense, than the injection con- 
denser. 

■ Its ^mensions in terms of parts of the engine are as follows : — 
Area of plate-chamber = three times that of exhaust-pipe; length 



of phitea = ^ that of stroke of engine; thiekneii of plates yh of 
their length; spaces between plates same as thickness, but never 
more than ^th of an inch, as with that dimension no sediment can 
stand against the rush of water. Capacity of displacing cylinder 
= that of plate chamber. 

It has been attempted to adapt this condenser to the locomotive; 
and of the advantages which would be gained if this could be done 
there can be no doubt. In this case the two condensers were cast 
in one piece, and placed directly in front of the cylinders. They 
differed from that just described only in the length of the condenser 
and stroke of the displacing piston being mudi dhortened; so that 
the velocity of the water between the plates may not be too great; 
and in having a second set of discharge-valves of peculiar con- 
struction for allowing the uncondensed«steam to pass fr^ly into 
the funneL The ordinary supply of feed-water not being by itscdf 
sufficient to maintain the vacuum, this condenser, if applied to 
locomotives, should only be worked at intervals, on inclines &C., 
where its assistance would be needed. 

In its application to low-pressure engines, since the steam from 
the cylinder has not sufficient power to force the air and heated 
water from the condenser into the atmosphere, a communication is 
made between the exhaust-valve of the condenser and the lower 
end of the displacing cylinder, which, for convenience of arrange* 
ment, is here reversed, and which receives the change of water and 
air when its piston is at the opposite end of it, and when it is there- 
fore vacuous. 

In this case the amount of injection-water is reduced in the pro- 
portion of three to one. Ten per cent, is saved by the feed-water 
being made boiling hot, a great quantity of boiling water b€^ 
provided which cannot fail to be useful for many purposes. 

The first Regenerative Condenser was applied to a sixteen horse- 
power high-pressure engine, at Saltby Works, near Birmingham, 
m September 1849, where it has been found to answer. One is 
now beinff erected at the Paper Works of Messrs. Easton and 
Amos, at Wandsworth, and will shortly be in action. 

A drawing was exhibited, showing the condenser applied to a 
common high-pressure engine, in connexion with a variable expan- 
sion valve, acted on by a governor, which is a modification of Mr. 
Siemen's chronometric governor, the pendulum being superseded 
by an expanding fly-wheel. 

The principle involved in the Regenerative Condenser is applic- 
able to many useful purposes, the most remarkable of which are 
what Mr. Siemens proposes to call his Regenerative Evaporator for 
brine and other liquids, and the Regenerative Engine, which are 
now in course of^ construction at the works of Messrs Fox and 
Henderson, near Birmingham, to whose enterprise Mr. Siemens 
expresses himself as indebted lor the carrying out of his several 
inventions. 

After the reading of the paper, a discussion took place, chiefly 
as to the practicability of applying the condenser to locomotives, 
in which Mr. Scott Russell, Mr. Crampton, and the author took 
part. It was closed by the Chairman, who said that the circum- 
stances of the locomotive were so peculiar, the requirements of 
the most perfect simplicity, and the freedom from any but the most 
necessary dead weight so absolute that he feared this could not be 
applied to it, even if, which he doubted, the condensation could 
take place rapidly enough where the cylinder was filled and emptied 
four times in one second. But the principle was new to him, and 
certainly ingenious, as were the other inventions of Mr. Siemens; 
and in its application to stationary engines he hoped and believed 
his ingenuity would meet its due reward. 



ON THE CONSTRUCTION OF ARCHES WITH HOLLOW 
CAST-IRON VOUSSOIRS. 

In the construction of cast-iron bridges, it has generally been 
the practice to form a framework by means of ribs stretching 
across the full span in one or more pieces, in the form of an arch 
or otherwise, which ribs are stiffenea and kept steady by transverse 
beams, diagonal struts, and ties; thus adopting to a certain extent 
the system followed in the construction of many of the wooden 
framed bridges, previous to the introduction of iron in being wholly 
used for such works. This, no doubt, is a very excellent mode of 
construction; but it is considered that by adopting the system of 
stone bridges, and having the voussoirs formed of cast-iron and 
hollow, a cheaper and easier constructed bridge could be erected; 
while the principle is one which possesses many peculiar advantages, 
and admits of being applied not only to arches of small, but also to 
those of yerj large spans. 
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In the framed sytt^m the ribs, beama^ &c., are generally very 
heavj> require much workmanship in their construction, are 
difficult to cast^ and after g-ood cafitings have been obtained are 
very liable to be dama^r^d before being put in their places; thus 
causing the reconstruction of other castinp, and conse<iuently 
adding much to the ejcpenaef on account oi the risk and delay. 
By the proposed system the castings become of an ordinary nature^ 
require less workmanship^ are easier cf»n»tnicted, very light and 
easily handled, and run leas risk of being damaged; and even 
when a number of the voussoird were damaged, the contingent 
expense would be very little compared to that arising from the 
loaa caused by the damage of a large and massive beam. Stich 
rjistings are consequently cheaper executed, the co«t per ton far 
the same kind of castingi being fretjuently not much more than 
one-half that of the other; besides, by a judicious arrangement and 
economy, no mure, or at lean very little additional, metal need be 
rei]uire^ by tbe proposed than by the framed system. 

Both in ancient and modern times, hollow bricks have been 
used in the constrtiction of arches, especially where lightness waa 
re<|!iired^ and no great weight to be sustained; as these bricks were 
liable to be easily crushed. With cast-iron this is, however, not 
the case, it being to a very great extent incompressible, the 
crushing weight for o square inch of cast-iron being 140,0001b., 
while good stock bricks require only 18,0OOlb. to crush it, and in 
stone the crushing weifl^ht varies, according to the quality, froin 
31661b. to miOlK per wpiare inch. Since hollow bricks have been 
successfully employed, it is easy to conceive that hollow voussoirs 
formed of such a bard and inx;ompressibIe material as cast-iron, 
may likewise successfully be employed, not only for arches of a 
small but also for those at a very large mun. 

It is now an established principle, tnwt when the materials of 
which an arch is composed are hard enough toresis tcom press on, 
and the abutments fiulficieritly strong to resist being crushed or 
forced aside, there is no particular limit to the extent to which, 
if properly constructed, the span may not be carried. Of course, 
no substance being incompressible, it follows that there must be 
a limit beyond which the arch would destroy itself, but that limit 
will he greater or le^s according to the hardness of the material 
employed in the construction. An arch constructed of granite is 
capable of being carried to a greater span than one of good free- 
stone, and still more so than one of freestone of an inferior 
quality, or of brick not sufficiently fired. And fallowing out the 
anme principle with hollow cast-iron voussoirs, a still greater span 
could be accomplished than with any of these other materials. 

Besides the advantage of cast-iron voussoirs, on account of its 
extreme hardness it possesses another advantage, that of ligbtneas, 
these voussoirs being capable of being made sufficiently lighter than 
the same constructed of stone, and still retain sufficient strength 
to resist the required pressure. The weight of material in a cast- 
iron arch would be from |th to 4th that of a stone one, supposing 
the depth of the voussoirs was made the same in each, which 
however would not always be necessary, as when constructed of 
iron less depth would be sufficient, on account of its extreme hard- 
ncMAf the weight being so considerably diminished, and the pressure 
bdog more uniform over the entire surface of the joint ; the surface 
f>f castings being much smoother and evener than that of an arch 
atone^ which except in very particular cases is generally only neatly 
hammer-dressed. 

Again, in the framed system usually adopted, the pressure is 
thrown on a very small surface, which is not the case in the pro- 
posed system; likewise the use of malleable iron is entirely avoided, 
it being purely a cast-iron arch, every part of which contributes its 
due proportion of resistance; forming a firm and compact mass^ and 
possessing all the advantages of a stone arch. 

Taking into consideration these many advantages — namely, the 
extreme hardness of the material employed, the decrease of weight 
and the superiority of the joint compared to stone arches, and the 
large extent of bearing surfzice compared to that of the framed 
system^ it is surely not unreasonable to say that an arch on this 
principle may not only be carried to a greater extent than any 
hitherto constructed of stone, but equally as far, and perhaps 
further, than any that have yet been constructed of iron on 
the framed system. In the Grosvenor-bridge, across the River 
Dee at Chester, a stone arch has been siicce« fully thrown over a 
span of 800 feet. And in the South wark-bridge, across the 
Thames at London, which is formed of cast-iron on the framed 
principle, the centre arch is carried to the extent of «40 feet; but 
with hollow cast-iron voussoirs, an arch equal and even exceeding 
either of these spans may be executed with safety. 

In the ccmgtruction of an arch upon this priociplef it is proposed 



to have a raided piece east on tbe side of each voussoir, fitting into 
a corresponding hollow in the one adjoining. By this means the 
whole becomes more firmly joined together, forming, aa it were, a 
series of joggles througboiit the whole structure, and entirely pre- 
venting any tendency of the arch to ri&e at the haunches, or of 
any of the voussturs to slide. This is a very important advantage, 
and one which, in an iron arch, can be easily obtained with little 
or no additional expense. 
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The fi:irm of the voussoirs may either be made similar to those 
in stone bridges, with the addition of these projections and hollows 
(see figs* 1, and 2\ or, where additional strength is required, they 
may be executed according to fig. 3. 




Fig. S.— TrtniT«rM Sectton of Af^, 

On account of the voussoirs being all fi? mly fixed to each other 
by means of the joggles already mentioned, it would not, on all 
occasions, be necesssary that they be placed close to each other at 
the ends, but kept a little separate, as shown in fig« 4. By thU 
means, while the arch could still be made sufficiently strong, a 
considerable saving of material would be effected. 
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Fig. I,— PlM of f*rt of Arch. 

As to the thickness of metal required for small and medium 
spans, the average may be from i to {-inch, and for large 
spans one inch would be sufficient for the average, care 
taken that the ends of the voussoirs be made thicker than the 
In order still further to strengthen the ends without requi: 
additional metal, the sides may be made slightly open. 

In places where stone cannot be easily obtained, bridges could be 
constructed on this principle at a very moderate cost, whUe they 
at the same time would be both substantial and durable. The 
spandrils and abutments may be constructed of such materials as 
could be most readily obtained, and which was considered suitable; 
as such bridges admit of being finished similar to a stone one or 
otherwise, acording to the taste of the projectors and resources of 
the locality. 
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An Ekmentary Cmirgt 
graphic . By David 
Voorst, 1850. 

We are precluded from writing an article on Professor Ansted's 
new book, because on former occasions, prompted by him, we have 
gone over the whole subject of geology and engineering; and 
because he has so fully carried it out asto Icaveus no ground forcavil, 
and only the opportunity of expressing strongly our approval of the 
volume now before us. So far from being a mere reproduction of 
the Professor's former works, this is a complete manual of the 
several allied sciences, most carefully treated according to the last 
discoveries in the important domain of philosophy to which these 
newest offspring of science belong. 

What was in the first instance a few pages baa now become a 
regular section on practical geology and its application in engineer- 
ing, and it haa ceased to be a matter of question whether geology 
is an essential part of professional education. 
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Asa triflinir illustration of the iniimate oonniction of geological 
facta with our purtuita, we give the following: — 

"The whole quantity of wnter in the chalk of England north of 
the Wealden anticliDa) must he enormouBljr greats but h hardly 
calculahle. At the very lowest coDceiv^able eistimate, considering 
the total area aa 6000 square miles^ the mean thickness only 300 
feet, and only one-thind of this fully saturated to the extent of 
one-fourth its volume, it would amount to tweutr-flve millioufl of 
mlllioDa of gallons; while the annual supply from rain to the 
extent of six inches of water absorbed per annum over an area of 
20OO square miles, would amount to nearly 175,OUD,000,UOO, or more 
than Tiir^ P^^ ^^ ^^^ whole quantity of water contained. If the 
population of the chalk districts, including the whole area covered 
by London clay and gravely be taken at 4,000^000 of individuals^ 
and fifty gallons per day be allowed for each, a very large and 
iufficieot quantity for all possible sanitary purposes, there will 
ihua be needed only about 72,OQ0,(K)0^O00 gallons per annum fur 
this purpose, or not much more than a third of the estimated 
aawud supply from rain^ and only ^th part of the quantity 
eoAtained m Uie rock. It ii» unnecessary to state that only a part 
of this is directly available; but there must be a very large propor- 
tion that could he pumped out, although it may be a very diiferent 
question as to how far this mode of obtaining water on a large scale 
is economical, or in other reinpects advisable. 

^^In the above estimate the quantities throughout are reduced to 
the rery lowest that can be imagined, to show that the supply of 
water must be much greater than any demand that can arise. In 
jN>int of fact, the proportion of rain entering the rock is more likely 
to be 19 inches than 0; the mean thickness of chalk might fairly 
Aave been taken at 600 feet instead of 300; and the quantity of 
.valAT eontained, instead of being taken at one- twelfth^ may have 
been eensidered one-sixth of the bulk. Estimated in this way, the 
quantity of water in the chalk would be 100,000,000,000,000 galloiis, 
and the annual supply 350,000,000,000, In addition to the quantit? 
of rain, a large supply of water must enter some parts of the chalk 
from mere absorption from the atmosphere. 

^The quality of water is unquestionably affected by the rocks 
through wliich it passes: although in this respect it is not always 
safe to conclude what the result will be without actual investigar- 
tion. Thus water obtained from surface-deposits is almost sure to 
contain in solution some of those organic substances which in 
cultivated land must always abound, and which are always carried 
down to some little distance by the descending supply of rain ; 
water from irony rocks, whether sand or otherwise, being generally 
chalybeate, and that from calcareous rocks hulding carbonate and 
other salts of lime in solution. But when we examine the analyses 
of different rocks, as given in previous tables, there will be found 
also a number of other ingredientfv as salts of mida, potash, 
mamesia, and other substances, and these will also be taken up, 
whOe the very action of water and the decompositions otherwise 
gotng oa, produce sulphuric acid, and thus again act upon the 
containing rock, or alter combiuatloUH already in solution in the 
water. Thus it results, that in welU, however the water is 
obtained, there will be a certain proportion of saline and other 
ingredients, although the actual quantity may be less in amount 
snd diiferent in character in the case of deep and shallow weUs in 
the same locality. 

"It appears from a paper hy Professor Brande, in the* Quarterly 
Jourttaf of the Chemical Society,' vol. il. p. 315, that a well was 
sunk 496 foet deep, into ^^02 feet of chalk to supply the Mint. This 
well was completed 1st of January^ 18i7. The water rises to 
within SO feet of the surface, and about 15,000 gallons per day are 
obtained; the level being then reduced by this amount of exhaustion 
to about 100 feet from the surface. 

"'Before the water was obtained from the chalk it yielded li 
grains of dry saline matter in the gallon of water. Since the well 
was finished the quantity is only 37'H grains: — SGat 55 =^1000*70.'* 

On Mining there is very copious instruction, and from this part 
we take another illustration. 

** Another fact to he considered by the practical miner, is that 
of the singularly frequent disturbances that have affected the beds 
of coal and the strata ai»sociiiled with them, and the remRrkable 
complication of the fauU» that characterise many cual- fields. It 
roust not be tiupposed that the effect of these di^iturbances is either 
imiformiy advantageous or always disadvantageousto the immediate 
interests of the miner; but there cannot be the slightest doubt that 
we ate indebted to such disturbances fur frequent repetitions of the 
same bed of coal at tlie surface, when without them it would he so 
far covered up by newer deposits as to be utterly unattainable. 



If occasionally the miner, in prosecuting Im labours^ or the mine* 
owner in following what he considers a valuable seam of coal, is 
suddenly stopped by coming in contact with a fault, and finds the 
coal shifted several yards above or below, or even completely lost, 
he must not forget that it is perhaps owing to these very shifts that 
the outcrop has taken place at all in his neighbourhood, and that 
the coal is workable in the district in which he is interested. 

'*But there is another important advantage derived from the 
existence of these numerous faults in coal strata, namely, that they 
intersect large fields of coal in all directions, and by the clayey 
contents which fill up the cracks accompanying faults, become 
cofferdams, which prevent the body of water accumulated in one 
field from flowing into any opening which might be made in it from 
another. This separation of the ctml -field into small areas, is also 
important in case of fire, for in this way the combustion is pre- 
vented from spreading widely, and destroying, as it wotxld otherwise 
do, the whole of the seam ignited. 

** An instance of the advantage resulting from the presence of a 
great line of fault, occurred in the year 1925, at Gosforth, near 
Newcastle, where a shaft was dug on the wet side of the great 
ninety-fathom dyke, which there intercepts the coal-field. The 
workings were immediately inundated with water, and it was found 
necessary to abandon them. Another shaft, however, was sunk on 
the other side of the dyke only a few yards from the former, and in 
this they descended nearly two hundred fathoms without any 
impediment from the water.^ 



A Caiet^itm of the Stmm-Eagim, By John Boi/bne, C.E. Third 

£dition. London: Longman, IS^. 

We are glad to see the third edition of this work- We noticed 
it favourably on its first appearance, and it has since received 
several improvements. 



Practical FentUaticn, oi applied to Public^ DTmestic^ and igrieuUural 
Strmtureji, By RosEar Scorr Bi;aN, Engineer. London and 
Edinburgh: Blackwood, 1850. 

%Ve had intended to notice this work at some length, for the 
subject id of practical importance, but unfortunately we are com- 
pelled to postpone this design until next month. In the meantime 
we may observe, that though the authrjr has not announced any 
new doctrine, he appears to have collected very judiciously the 
opinions of Rurafurd, Tredgold, Arnott, Reid, and others, and 
to have put them in a shape suitable for the practical man. 



PROCXICDINaS OF SOlEIlffTXFIC SOCICTIHS. 

INSTITUTION OF CIVIL ENGINEERS. 

jipril 30. — William Cuatrr, Btq , PretidcDl, ia the Chair. 

The p*p«r read wras ** On lA* AbMorbeni Powtr qf Chalk , and Hi Waiwr 
ConimtM, nnder diftreni Qtohgical conditiont" By PrufeASor D. T. 
Akatso. 

Afier enplainifkg (be aulure and extent of tht^ chalk rock of Englaod, 
both f^eoli»gicaltjr aud topogrnphicallj, mid briefly de»cribiag iU ct»ief 
phjiical peculiuritieSi the author proceeded to detuil Ibe reaulli of tatae 
eiperiineatfl made for the purpose of aacertaiaing the poBitive aad relative 
ftbsorbeat powen of different kioda of cbalk, wbea exposed to looiature 
yoder vahoui cjrcuai»taiice«. 

The apecimeD* ex peri mco ted on were inifttl cubes, each weighing from 
three to fuur otincea, taken from difllerent districts and geological poat- 
lions, 10 ihe upper, tDiddl^t fkod lower beds of the chalk. 

From these experiiDeots, it appeared, Ibat the upper cb&Ik, wheo it was 
to all appearance perfectly dry, coatamed about aue-ihird part of a piot 
of water iu each cube foot, which was oever parted with under any coo 
dtUoDS i>f drjoess of tlie atmoAphfre ; that iu the case of an exposed tur* 
face i»f the rock, the absurptjou from a moUt atmosphere would be uxtim- 
porlautf although wheu water was presented to it in a liquid form, the 
upper chalk was fouud capable of receiviui; iulo its mats a quautitf of 
water amouotiog to more than two gallons for every cube foot of rock, 
beyond the quantity usually contaioed in apparently dry chalk, under 
ordinary exposure. 

A specimea of the middle chalk, when thorouj^hly air-dried by six 
months' exposure, was fouud tocontaju about SS parts water iu 1000 parts; 
three-fourths of which water were readily gifea off by subsequent expo- 
sure to a perfectly dry aixDosphere, very lillle more than the original 
quantity being re-absorbed oo exposure to a saturated atiaosphere ; show* 
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iDg til it tbe ftbadrbebt powrert fa thii rcipect^ wa» even leiBtbtii ia the e«fie 
(iftlie yppercMk. The qoaotit j of water contajned io » cube foot of 
Ntturated middle cbalk was rather more than two giilloos, 

A apecjiDeQ uf the tower cbalk waa fouod to contaiti more (ban 10 piurta 
of water in I, ttOO part*, about tbree-fourtha of which were rapidly parted 
with, on expoture to a perfectly drj atmospliere; bat the rest, amauuting 
Io mare Ibau Ihe quantilj of water CM>iitaitied ia the upper chalk,, id its 
urdiuarj atatei wai oot parted with by aoy exposuref short of a racuum. 
Od aubtequeut eipoflure to a laturatcd atuio^phere, more tbaD I5| parts 
of water lu l^OUO parts, were abaorbed, and when tbe Apectmeo wai aatu- 
rtted, ita water contents exceeded 2^ gallons per cubic foot. 

It wa« staled r that tbe upper chalk might geaeralJj be regarded aa Ihe 
eonduciiufft aod the lower chalk aa the containivg^ part of the fortnatioo, ao 
far a» water waa coDceroed ; aad that chulk muiit be regarded aa a rock, 
which everywhere admitted Ihe percolation of water, receiviDg into ilaelf, 
and cooreyiog to tta lower bedtt, the wuiei- that fell oo, or wa« brought to, 
iU surface* This readily explained the uniformly dry appearance it pre- 
aeoted, and the absence of any streaiuB;, arisiei£ from mere surface draiu- 
age, where extensive e I pofiu re of the ro« k lUelf occurred. It also ap- 
peared that particular bands of rock contained much more water than 
otbers, some, indeed, being apparently, lhou};h not really, dry, when below 
the surface of pernianent wetoeas \ while others gmve off water readily, 
and to a large eitetit^ 

The probable effect of raio«fall upon the surface of the exposed chalk 
WttP then considered, and it was estimated, that at least IS inches descended 
annually to what was called tbe surface of permanent wetness, maintain- 
ing a general and rude parallelium with the surface of tbe ground ; btit 
M^ben the cbalk rock was pernmnmtty covered with impermeable aoila, aa 
in Ihe London bttsin, the position uf the surface of permanent weloesa was 
liable to extreme variation, and to be inusl seriously affected, aa lateral 
percolation was tben tbe only source of wetness. 

On the other hand, it was thought, that a large portion of cbalk rw*k 
existed in a state of uniform and permanent wetness, and that wherever the 
gaull extendedr underlying the chalk and keeping up the water, there 
must be, at atid below a certain depth from the surface, a stipply of water 
to the extent of I8f> millions of gallons for each square mile one yard in 
thickness ; and that the surface of permanent wetness, dependent chiefly 
on the present rain fall, was so far above this lower surface of saturation, 
as to ensure a supply at least equal to one-half of the rain falling on tbe 
immediately surrou tiding district. 

Ma^ 7. — Tbe paper read was **0n ike Jpplkatim qf Watrr-Prenwrt^ om 
a Mot ire Power, /or working Cranei and oiher kind* qf Mackinerfn** By 
Mr. W, G. AttMSTRONQ, F.R.S.» Asioc. InsU C*E. 

The object of Ihe paper was to direct attention to the advantages of a 
more extended application ol hydraulic presiure, ai a motive power, and to 
point out the means of attaining this dciiiable end; iltustrating tbe argu- 
menti by descriptions and drawings of the engines on this principle^ already 
erected, since Ihe year 1845, when tbe author Urat designed a cranCp Co be 
worked by the pre»»ure of water from the ttreet water-pipes^ at Newcastle- 
upnn-Tyne. 

The principle of these engines, as applied Io cranes, was described to be 
very simple. In order to lift a weight, the water, under a pressure of about 
100 feet held, or more, l>eiiig admitted through a slide Tslve into a cylinder^ 
ciertcd a force on a piiton, whote rod was connected with the hoisting- 
chain, so arranged by paaiing over several polleyv, ai to increase its length 
of travel to the requisite duty to be performed ; the piston receding from I lie 
pressure therefore railed the weight to the height required. The lowering 
of the weight was accomplished by a reverse action, and the crane wai 
turned in either direction by a similar action of a smaller cylindert whose 
piston rod wai connected with a rack^ working into a circle of teeth, fixed 
to the ba*e of t!ie moveable frame of the crane. 

The action of these machines wa» described to be very imootb and steady, 
ingenious appliances being adopted for obviating Ihe shock that would 
otherwise be caused by the sudden closing of tbe slide valves, and all the 
different operations being under the perfect control of a few regulating 
handles. In cases of a great diversity of power being required, separiite 
cylinders were uaed, so arranged, as that their action could he combined » 
accordmg to Ihe force required. The speed of working had no other limit 
than the size of the supply pipe. 

AJluiion wai made to the advantage of employing hydraulic pressure in 
mercantile docks, for hoiisting heavy weighti, for whipping light goodi out 
of ihipi, and for opening and shutting dock gates, iwing bridge*, and ilutcca. 
Ita facility of tranimiision, Its safety, and conatant readineii for ns4^, ren* 
dered it pecdliaf ly suitable for tbrie purposes. It would generally be pre- 
ferable in luch cases to employ steam power to force the watert raiber than 
to be dependent upon town water*worki; and a tank upon a tower, or upon 
an eminence, would form a confcnient magtazine of power, enabling tbe 
«'ngme to act coiTtinuouily with an uniform load. Large air-vessels had 
also been lucceisfully employed, instead of an elevated tank. 

Hydraulic pressure might, alio, in many caies, he advantageously em- 
ployed for purpose! requiring continuous rotation. There were many natural 
ftitustioni where mountain streams might be arrested, or surface-waler be 
impounded on elevated ground, and he conveyed by a pipe into a neighbour- 
tag valley, where great mcchaoical efficieacy might be derived from i small 



supply of water, by the Qse of water-pressure engioei. In mining opera, 
tioni, alio, the danger and ineouvenience of undergromid iteam^ngiaes 
might be obviated, by substituting water-pressure engines, cooveying the 
water down tbe shaft in pipes, and returning it to the surface, by the aeitoa 
of tbe pumping engine aboveground. fn such cases tbe water was nieretf 
tbe Tchicle for transmitting power into the mine. 

A water-pressure engine had been lately very suceessfolty applied by the 
author, to South Hettnn Colliery, for the traction of wagons upon sa 
underground railway. Similar engines had alto been erected in the lesd 
mines at Altenbeada, for lifting ore, and other purposes. Resenroirs wtre 
there formed upon the neighbouring bills, aud pipes were carried into the 
mines to supply the engines, the expended water flowing out by a tevt-L 
Other engines of Ihe same description were also in course of erection, for 
surfsce operations, at the same place, such as crusbiog ore, aod rAifbg 
minerals from Ihe shafts. 

In their general character, these engines were similar to reeLprocativg 
tieafn- engines. Tbe slide valves were baUnced by equal pressurea in op> 
posite dtreciioni, and were constructed to open very spacious water paaaages. 
Tbe liability to concussioni on the closing of the eduction port, was obviated 
by tbe applicatiou of relief valves, which were lifted by the compresuce 
action of tbe piston, causing it to act for au instant, as a pomp, in fordni 
back tbe opposing water into the supply pipe. In cases where the engines 
bad been applied to hauling, or winding, four cylinders placed diagooallv in 
pairs, had been used. In other cases, two cylinders had been applied, tbe 
uniformity in tbe motion of the column being maintained by a loaded 
plunger. Tbe winding engines were reversed by a slot link apparatai, 
similar to that of a locomotive engine, and which was worked by the pres- 
sure of the water, acting under the control of a valve. The regulatia| 
and reverting valves were each placed at the mouth of the shaft, at a 
distance from the engine, tbe operation of which eould tbui be directed 
with great accuracy and safety. 

The drawings which accompanied the paper gave representations of sa 
Hydraulic Crane, for shipping coats at Glasgow * Hydraulic Platform Cranes, 
at tbe railway station, Neweaitle-upon-Tyne; Hydraulic HuLsting Madiiacs, 
at tbe warehouses of the Albert Docks, Liverpool; a Water-presaum fii|pbM, 
for a crushing-mill at Alkuheads; a similar engine used at the same pttee, 
for winding; and numerous details of all tbese machines. 

May li. — Tbe paper read was '*0«t the Conttructitm qf thf Permmtmt 
Wa\f qf Railways; with an Account qf the wrom/ht iron Permanent JTay, 
laid down on ihe Main Line qf ih* Nitrik Midland Hailway* Bj lfr« W, 
H. Baalow, M. Inst. C.E. 

Tbe author commenced by entering into the question of tbe maiotenaoee 
and renewal of the ordinary railways, analysing very minutely the expenses 
under the different heads, and showing to what causes the derangement of 
the iioe might be attributed, Tbe cost of maintenance was stated to be 
dependent on two causes, Ihe effect of weather, &c., and the disturbance 
produced by traffic; and from a sunsmary of the expenditure of the differeol 
lines belonging to tbe Midland company, it appeared that the former 
amounted to 20/. or 30/. per mile per annum, and tbe latter varied from 2d, 
to 2 7d. per train per mile. After a line was consolidated, by far the greater 
part of this expenditure was due to the derangement caused by tbe passage 
of tbe trains, which irat produced an uneven joint, then loosened tbe joiot 
key, and then disturbed Ihe sleeper, so that at length the nhole of the per- 
manent way generally was degraded.^ With regard to renewal, it had been 
ettimated by the oncers of the London and North- Western Railway, ihat 
on their line tbe rails would last twenty years, and the ileepers, if *creo* 
soted,* twenty years, but if unprepared only twelve years; now aa the durap 
tion of service of tbe roils was dependant on the amount of tbe traffic, and 
that of the sleepers on the weather, it was quite evident, that ou lines 
having kii traffic than tbe London and North-Western, the proportionate 
expense of renewing the sleepers would be much greater, and would iocrease 
as Ihe amount of traffic diminished. 

I n endeavouring to seek a remedy for this, the author conceived, that, by in* ' 
creasing tbe dimensioni of Ihe bridge rail, sufllcient width might be obtained 
for it to take its own bearing in the ballast, without tbe use of either trans- 
verse sleeper, or longitudinal supports; and, moreover, that such a con- 
struction wouuld posaess great strength^ be very durable, and be capable of 
being renewed at a moderate expense. He therefore proposed a bridge rail, 
13 inches iu width, 5| inches in depth, and weighing 126 1b, per lineal 
yard. There was some difbculty at first in getting it manufactured, but 
Mesirs« Bokkow and Vanghan, of Middlesborough*ou-Tees, bad overcome 
all tbe practical difficulties, and now produced rails of Ihe required siae, 
with hard metal in the upper portion, and ductile metal in tbe lower, bj 
which both durability and strength were insured. The joint was made by 
either a cast or wrought iron chair, or saddle, which received tbe ends of the 
rails, and into which they were keyed with wooden keys. The gauge wai 
preserved by means of a tie- bar, fitted and keyed into sockets on the chairs. 
An ex peri mental length of road on this to nit ruction had been bid dawn 
on tbe main tine of the North Midland liailway, tbe coit of which wai .^3231. 
per mile; but it was through!, that in future thii might be reduced to 24>)7l« 
per mile, by reducing Ihe weight of the raili to 1001b. per yard, and the 
chairs in proportion, as it was found by experiment, that these rads were 
greatly id excess of strength, being as much aa three times ttrouger th^u the 
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' doable^bfajJed nil. A mile of romd hmA aho been Itfd upon the 
Mine line, with eait-iroii tteepeii adtpted to the ordinirr rel], ai introduced 
hf Mr, P, W. Birloir, M. Init. C. fi.; sod another mite 'bad been laid vrith 
Iheae eiat-iroD ileepen at the joiota ooly, but banng intermediate •Leepera 
of tioiber. The motion of tbe trajni orer their aeveraf experimental lengtht 
wu firm and tteady, there being no perceptible difference between the two 
Uttey deaertptioa«< 

Jfay2I,— The paper read waa ''On /Vinfnif Mackime§; etpedaUp ihote 
mtfd m tk€ printimg qf tht *Timu* fuwtpaper. By Mr. Edwaad Cowfcr. 

The ohject of tbii piper wai principally to daicribe the machioeryr which 
bad becfa in iiie» at varioui time*, for printing the * Tioiea* newtpaper, other 
■Mdusea being only referred to, at atstatiog to iltuttrate the inhject. 

^jr tbif piirp<ti« a brief review of tiie prog ret* nf printing machinery waa 
irirrn; from which it appeared, that the firit patent wat obtained by 
Nieboiaoo, in 1790, who then propoied placing both the typei and tbe paper 
vptm cylinderi, and dt»tributing and applyiiig the ink aJ»o by means of 
eyiiad«rt; another plan was to place common type upon a table, which was 
yaaaMl under a paper cylinder. In 1813, Donkin and Bacon propoted 
plMiaf tbe tyi>e upon a priam, and iotrodnced " compoaitlon" roUeri. In 
Hid, Cowper made a machine lo print from curved itereotype plains ; and 
in ldl9, one to print hooki from ordinary type ; be aifto introduced the 
nf inking now in common ute. In 1814| Kcenig made the firit 
BMhine, nnd erected two of theae at the ' Timei ' odicc, which 
nigbiMO buadred imprciiiont per hour, and continued to do ao 
BDtil 1827* when they were loperuded by Applegath and Cowper'a foar- 
cylioder machine^ producing five thousand impreisioni per hour. 

Tbeae maehiuet, wbich were stated to he itill in use at the * Times' office, 
COaiMted of i table moved hack wartla and forwards under four iron cylin- 
ders (called tbe paper cylinders), ahout nine inches in diameter, which were 
cevened with cloth, and round which the sheets of paper w^re held between 
tapn*. The forme waa fiied on one part of the table, the inking rolleri lying 
ot nootber part, on wbich they diitributed the ink: tome of these roUeri 
•ere placed in a diagonal position on tbe tnbki so that, at it moved back- 
wards and forwards, they had a motion in the direction of their length, 
called the **end*motioQ," wbich, combined with the rotatory motion, caused 
Ike ink to oe more effectually distributed. Tbe ink was held in a reservoir, 
or trough, formed of an iron roller, called the ductor, against which the edge 
U an iron plate rested, and, by its pressure, regulated the quafitiiy of iok 
given out. The ink waa conveyed from the ductor-roller to tbe talile, by 
meant of an elastic roller vibrating between them. The feeding was per- 
formed by four ** layeri-on/' who laid the abeeti of paper on the feeding 
boardt, p hence they entered the machine between three pairs of tapes, by 
wbich they were conveyed round the cylinders, and thence to the spot 
wbem the ** takera-off " stood, into whose bands the iheeu fell, a« the tapes 
I ieparated. 

In May, 184S, the last great improvement was introduced, when Mr« 

Applegath erected at the ** Times" office a vertical machine, which was 

I stated to produce the enormous number of lO.OOO impressioni per hour. 

^ Thia machine consisted of a vertical cylinder, about siity-five inches in 

diameter, on wbich tbe type was fixed, surrounded by eight other cylioilers, 

1 €nch about thirteen inches in diameter, covered with cloth* and round 

I which the sheets of paper were conveyed by means of tapes ; each paper 

cylinder being famished with a feeding apparatus, having one boy to lay 

tbem on and annther to take them off* The inking rollers were alio placed 

I in a vertical poiitioo, against the large cylinder, upon ■ portion of the snr- 

I lace of which they distributed the mlt. The ink was held in a vertical 

licservoir, formed of a ductor^roller, againit which rested two ** straight 

Itdgett" connected at the back, so as to prevent the ink from running out : 

I it was conveyed from the ductor-rolter by one of the inkiug- rolleri, against 

f 4rbieb it was oecasionally pushed. 

The type used waa of the ordinary kind, and the forme was placed upon t 
[portion of the large cylinder, being fixed to it in a very plain but ingenioys 
oner : a stab of iron was curved on til tinder tide, so as to fit the large 
ylinder, whilst its upper surface was filed into facets, or fiat parts, corre- 
onding in width and number to the width and number of the columns of 
iie newspaper* Between each column there was a strip of steel, with i 
bin edge, to print the **rule" — the body of it being wedgC'Sbaped, so as to 
■11 up the angular space left between the columua of tbe type, and to press 
be type together sideways, or in the direction of the lines; the type was 
eased together in the other direetinn by means of screws, and was there* 
bre (Irmly held together. The surface of the type thus formed a [lortion of 
I polygon; and the regularity of the impression was obtained by pasting 
liips of paper on tbe paper cylinders. 

The operation of the machine was very simple: tbe ** Isycr^on" drew for- 
irsrd a sheet of paper on tbe feeding- hoard, untU its edge was under a 
oiler, furnished with tapes, which dropped down and drew the sheet for- 
ward and downward, into a vertical position, when other rolters and tapes 
arried it round tbe paper cylinder, when it met the type, which bad been 
nked by passing in contact with the ink ing.ro Hers; tbe sheet then con- 
nued its progress nntil it reached the *' taker, off." 

Some interesting statistics, relative to the printing of the ' Times/ were 

entioned, from which it appeared, (hat on the 7th of May, 1850, the 

iTimea* and ' Supplement' contained 72 columni), or 17,500 lines, made up 

upwirda of a million pieces of typci of wbich matter about twchflftbi 



were written, composed, and corrected after 7 o'clock In the evening. The 
♦ Supplement' was sent to press at 7*50, p.m., tbe first forme of the paper at 
4rl5, A.M., and the second forme at 4-45, a.m.; on this occasion, 7,000 
papers were published before 6.15, a.m., 21,000 papers before 7.30, a.m., 
and 34,000 before 8.45, a.m., or in about four hours. The greatest number 
of copies ever printed in one day was 54,000, and the greatest quantity of 
printing in one day's publication was on the Ist of March, 1848, when the 
paper used weighed 7 tons, the weight usually required being 4^ tons ; the 
surface to be printed every night, including the » Supplement,* was 30 acret; 
the weight of the fount of type in constant use was 7 tons, and 110 com- 
positors and 25 pressmen were constantly employed. The whole of the 
printing at tbe ' Tiroes' office was actually performed by three of Applegath 
and Cowper's four-cylinder machines, and two of Applegatb's new verticd 
cylinder machines. 

The President afterwards briefly .addressed the meeting, congratulating 
the members on the continued success and prosperity of the Institution, and 
expressing a hope that during the recess, original coraraunicationi would be 
prepared for the neit sessjon, so that ic might, at least, equal in interest 
that which bad just concluded.— The meeting was then adjourned untU the 
second Taesday in November. 

It was mofed, seconded, and carried unanimously, that the cordial thanks 
of the Institution be offered to the President, for the unwearied attention he 
had paid to the interesii of the Institution, and for tbe nrbanitv he bad at 
all times displayed in tbe cbatr. 



THE PaESIDENT*8 OONVEBSA2ION*E. 

On Tuesday evening, tbe 28tb, Mr. Cubitt, President of the Institution of 

Civil Engineers, gave a conversazione at the House of tbe Institution, in 
George street, the arrsrgemenis for which were very ably and tastefully 
made by Mr, Charles Manhy, the Secretary, by wbose exertions these annual 
celebrations have attalQed a hieh rr^putaiion. The Institution «as for the 
nonce conteried into a palatial building, decorated with paintings and 
works of art, nmong wbich were some ck^ifmuvr^t of Landseer. In the 
reception r*>om was his • Diogenes,' which was a great object of attraction. 
Some fine eiectro- bronzes, by fitkington, excited great interest; and, in par- 
ticnlar, a statue of Antinous. In the corridor was the fine specimen of 
bookbinding by Gmel, of Paris, 

The niodelroum was crowded with models and with spectators; and 
although from ti>e want of any great work in progress there was no striking 
no?chy, the collection was by no means deficient m interest. Floating about 
the rooms were small balloons, to show the plan for distributing meisagca 
in the Arctic regions, in the attempt to communicate with Sir iohn Franklin. 
Mr. Cotton's sovereign weighing-macbioe was worked throughout the even- 
ing. Appold's register hygrometer is for keeping the atmosphere of a house at 
one regular rooitiure. Another contrivance of that gentleman wss o ther- 
momeiric balance, to open or shut the damper of a stove, on a variation in 
the temperature of r Fahrenheit. The model of the Great Grimsby coffer- 
dam was shown. A very ingenious machine was a rotary card press, an 
American invention, capable of printing by hand 2,500 cards per hour. 
There were gntta percha inventions, Dujardin's electric telegraphy the screw 
pile, model of Gatton House, the disc-engine, Whishaw'i telephone and 
telekouphonon, Le MoU's electric battery, Soyer's magic stove, and many- 
things too numerous to remember. 

Among the company were the Marquis of Salisbury; Earis Lovelace, 
Harrow by, Rosse, Powisj Lords Wharnctiffe, Overs tone, Ehrington, De 
Mauley; Baron de Goldsmid; Sirs Robert Peel, G. Staunton. D. Norrcyi, 
P. Laurie, B. Brodie, Howard Douglas, C, E. Pasley, James Duke, IL 
EJlis, Isaac Worley, J. Hamilton, H. T. De la Beche, W. S. Harris, C Mal- 
colm, R. Westmacott, W, Symonds, E. Rvao, C. Fellowes,G, Back; Meters, 
H, T. Hope, M.P., Rowland Hill, Mackinnon, M.P., Locke, M.R, Cu'-iit, 
M.R, Lacy, M.P., Jas. Ueywood, M,P,, Mastcrman, M.P.* C. Dickens, 
W. F. A. DclflDc. 



ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

On Friday, the 3rd ult.. Earl de Grey, tbe Preaident, gave a conrersazlono 
to the Fellowi, which was numerously attended by them, as well by a largo 
circle of men distingoished in erery career of life. Few architectural work* 
were exhibited, but many portfolios of drawings. 

We noticed among the company. Lord Lansdowne; Lord Granville; Lord 
Ashley; Lady Cooper and Lady Mary Viner, daughters of Eitrl de Grey; Mr. 
H. T. Hope, M.P.; Ueresford Hope, M.F.; Mons. Dusillion; Sir Robert 
Peel; Lady Peel and dQughtt-r; Sir Alexander Johnstone; Sir Cbaries Pau- 
ley ; Colonel Syket; Sir R, Westmacott, R.A.; C. Landseer, R,A.; Mr. Knight, 
R.A.J J, Martin; Sir W. Newton, R.A.; Sir— Ross, R A.i Mr. Ilaghe; Mr. 
Robert Stephenson, M,P.; Mr. Brunei, C.E.; Mr. Cubitt, C.E.; Mr C. 
Manbyj Mr. Barry; Mr. Tile; Mr. Donaldson i Mr. Fergusson; Mr. Don. 
thou; Mr* Bailey i Mr. Kendall; Mr, Fowler; Mr. Roberts; Mr. An^ell ; 
Mr. Bellamy; Mr. Smirke; .VJr. T, Wyatl; Mr, Brandon; and Mr, Digby 
>yyatL 
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SOCIETY OF ARTS, LONDON. 

Jprit 17. — Mr. Antoink Claudst reid a piper ** On the Properiiet qf 
the Dittmemd/br Cuiiing Giant wiih dticriptiona qf maehintt ifwenttd by 
him, in which th0 Diamond it made to per farm perfectly what by manual 
labour had b^fbre teem very imperfecity done.'* 

The autbor commeoced liia paper by a very loteresting deicnptioD of 
the Datura of the dianiDiid, or Ibe form cif ita nalural crystal^ and of the 
mude ID which itcuU glasB, — quoting a pap?f od the subject bj the late 
Dr. WollastoOf ia the * Fhilosi^phicaJ Trautactiout' for 1810, a« well ad 
by a bisiory of Iha use of glasa in wioijows from the earlienl times, when 
it wai Qaed only in ecclesLafltical build in^e of great apleodour, down to its 
|»re»eDt tiDivermal applicatk>Q. He hn.» also, m order the more thoroughly 
1o make apparent the advanlai^e of the ute of the diamoad, d«acrjh«d mi- 
oalety the fery tedioni and imperfect melhodi by which, before iu itilro- 
ductioD, glaia wai cut and shaped* Tbe property in question waa firat 
found out about the line of Francis I. of France, the well known aoetdoie 
of whom is quoted ; and the different tooli used from Ihat time to the pre- 
sent fur it« manual application are detailed and commented on, many of 
them being eihibited by the author. Tbe firat of theae waa a mere hundlej 
baf ing the diamond firmly inserted into the lower end. But the handle 
beiog round, and the diamond ^ from the form of its crystal, requiring one 
Q ovary ing direction to be preservori in order to produce a cut, this was 
found so imperfect that a step was taketi by making the end of the handle 
flat, to preserve the piirallelism agninat the rule. This, from the shape of 
the bottom ia which the stone was set, was called the ^* plough diamond/' 
In 1S14, Shaw, of Londoo, made a great Improvement, and brought the 
jastrumeat to the shape iu which it is »til] used, bj makiiig the metallic 
setliog of thediamood moveable on a ferrule at the bottom of the handle, 
thus putting it out of the power of any deviation of the hand from the pro- 
per position to affect the direction of the atone. Thia, perfect aa it may 
aeem, ia still difficult lo use, and reqtiirefl long practice for expert per* 
formauce. The two teals by which the workman knows when bis tool is 
*^ making a cul*^ are, the sound and the feel* A mod ideation of the last- 
uamed tool, by the brother of its ia senior, was formerly used for thot«e 
who have but little practice; but it was very little ufiedr and the one 
shown to the meeliog by Mr. Claudet was curious, from being, perhaps, 
the only one now in existence. A contrivance for cutting circular plates 
was shown in action. 

The cause of the inventioa of the machines, the description of which was 
the principal object of the paper, was the increased use of glass shades for 
covering ornaments, the cutting of which, so that they should stand per- 
fectly firmi and with an even ba»e, was a most tedious and imperfect ope- 
ration when done by hand. The manufacture of theie shades, which, 
under the name of ^' cylinders de vcrre/' had long been carried on in 
France, was first undertaken in England, at the luiitiiace of Mr. CltftUtkt, 
by Mr. Lucas Chance of Birmingham, who, In the true spirit of euliisht- 
eued enterprise, notwithstanding the vexatious pressure of the excise laws, 
DOW repraled, emharked largely in the maaufacture, getting workmen 
from France, for making both shades and the sheet gtiias, which had there 
been for some time made from cylinders* It was now^ however, found 
that some melhud of cutting the butiom of the Bhadi^s aud cylinders must 
be adopted surer and less eipensive than the manual method, and Mr* 
Claudet was driven by this uecessiiy to invent his machine. 

The principle of the machine, ex (iressed in the fewest words, is this: 
The shade is firmly fixed between tin inierna] support and a transverse bar 
above il, in a perfectly upright position, above a horizontal, lc*el, and 
smi^uth table, its bottom beia^ a few inches altove the table. Upon the 
table travels a small but heavily. weighted base miviog on castors, having 
springing from it iwo upright pilUrs, one holding the diamond, and the 
other forming a support opposite to it. The pillar holding the diamond is 
lixed, but the other is moveable, being by a spring kept close to it. The 
height of the whole in such that when on the table, the diamond its about 
an inch above the bottom or the shade* The diamond being inlroduced 
inside ihe shade us it hajigs suapended, the pressure of the spring is suf- 
ficient to cauiie it to cut, and it has only (o be moved round the shade, ibe 
horisiontality of Ihe table causing the cut to be perfectly level. This 
machme was exhibited^ and the bottoms of shades cut by it, before the 
meeting. The shiipe of the shade, whether ovul, round, or square, is un- 
important in Ihe use of this machine, but Mr. Claudet bus contrived 
another for the cutting of round shades only, in which the shade is laid 
horizuniHlly,— an elegant system of adjustments being provided* by which 
shades of auy diameter can be cut by the workman with little risk of 
error. This machine was also shown iu aciion. 

May 1. — G, Moffatt, Esq., M.P., in the Chair. 

** Abtiract of a Paper on (he CauMvt and Prevent ipes nf Mildew in Paper 
and Parchmtnti : with an account of Experimentt made on the Maturation 
offfr&itnng fFood with Jntieeptic Chemicat Sotuttoni,*'* By ALra^n Gydi, 

Owing to the imperfection] formerly existing in the microicope, little was 
known of the real nature of the rlasi of p!ant» called /un^i until within the 
tilt few years; but since the impnivtsmenti in tliat m«itrument» the ^utjject of 
the development, growth, and aflic'ea ot the fungi hat received much aiten- 
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tion. They compose, with the atgie and lichetii, tha ctati of Thall^pent 
(Lindley), the algse existing in water, the other two in air only. A fungus 
is a cellular flowcrlen plant, fructifying solely hy sporas, by which it is 
propagated, and the methods of attachment of which are singularly varioas 
and beautiful. The fungi dilfer from the lichens and itgfe in dehviog their 
nourishment from Ihe lubitaneei on which they grow, initead of from the 
media in which they live. They contain a largsr quinlity of nitrogen In their 
constitution than vegetahlei in general do,, and the iubstance called " fue- 
gine'* has a near resemblsnce to animal matter. Their spores are iocoa- 
ceivahly numerous and minute, and are diffused very widely, developing 
themsflves wherever they find organic matter in a fit »tatc» The principal 
conditions required for their i;rovith are moiiture, beat, and the prescaoe of 
oxygen and of clcciricity. No decomposition or development of fungi takes 
place in dry organic matter ; a fact illustrated by the high state of preser- 
vitinn in which timber has l>een found after the lapse of ceotiiries, as wtU 
as by the conttition of mummy cases^ bandages, &c<, kept dry in the bat 
climate of Egypt. Hecsy will not take pJace in a temperature below that of 
Ihe freezing point of water^ nor without oxygen, hy excluding which — as 
contained in the air^meat and vegetables may be kept fresh and aweet lor 
many years. 

The iiroceis which takes place when moist vegetable lulntancet are at* 
pnscd to oxygen is one of slow combustion, and has been called by Liebig 
" Eremacatuih" the oxygen uniting Pith the wood and iiberating a Toliune 
eqiml to it»elf of carbonic acid; another portion combining with the hydra* 
fen of the wood to form water. Decora position takes place on contact with 
a body already undergoing the tame change, in the same maaoer that yesit 
causes fermentation. Animal matter enters into combination with oxygea 
in preciiely the snme way with vegetable matter; but as, in addition to 
carbon and hydrogen, it contains nitrogen, the products of the Eremacamit 
are more numerous — carbonate and nitrate of ammonia, carburetted and 
sulphuretted hydrogen, and water : aad these ammoniacal salu greatly 
favour the growth of fungi. Now, paper consiits essentially of woody Alirc 
forming its substance, with animal matter, as size, on its surface. 

The finst microscopic symptom of decay in paper is irregularity of surface, 
with slight change of colour, indicating the commencement of the processes 
jiuit noticed ; during which, in addition to earhonic acid, certain organic 
acidi are formed — as cremic and ulmic acid, which, if the paper have beet 
stained by a colonring matter, will form spots of red on the surface. Spots 
of the same kind are similarly formed on leather coloured during its manu- 
facture. Provided that fungi have not taken root, the colour can be re- 
stored by ammonia or any alkali, The same process of decay goes on ia 
parchment as in paper; only with more rapidity, from the presence of nitro- 
gen in its compoiition. When this decay has begun to take place, fungi are 
produced — the most common species being Peniciltum gtaucum; they insi. 
nuate themselves between the fibre, causing a freer idmission of air, ami 
consequently hastening the decay. 

The lubitances moit successfully nsed as preventives of decay, are tha 
salts of mercary, copper, and zinc* Bichloride of mercury (corrosive subli- 
loaLt) is the material employed in the kyanitatioa of timber, the probable 
mode of action being its combination with thealbumien of the wood, to form 
an insoluide compound intuiceptible of spontaneous decomposition, aad 
Ihe ref ore incapable of exciting fermentation. The anttaeptic power of cor* 
rosive sublimate may be easily tested by mixing a little of it with flour 
paste; the decay of, and appearance of fungi on which are quite prevented 
by it. Next to corrosive sublimate in antiseptic value stand the salts of 
copper and zinc. Chloride of zinc has been patented by Sir W. Bomett for 
the preservation of wood, sail.cloih, &c., and appears to succeed admirably. 
For use in Ihe preservatinn of paper, Ihe sulphate of xinc is better than 
the chloride, which is to a certain extent deliquescent. 

A scries of experiment were made by the author in the summer of 1840 
on the uie of metallic aad other solntioni for Ihe preservation of wood. A 
deep saw -cut was made all round the circumference of Ihe growing t r aaa 
near I heir baie, into which the solutions were introduced by forming a baiia 
ot ciay beneath the cut; thus the solution took tbs place of the ascending 
Bsp, and in periodi of time, varying from one to three days, was found to have 
impregnated even the topmost leaves of trees fifty feel high. The trees 
were chiefly beech and larch. After impregnation they were felled, and 
ipecimeiis aUnut five itH lung by two inches square cut out, and packed in 
decaying sawdust in a warm dsmp cellar, where they were left for sevea 
years. The details of the experiment are given in a table, by which tba 
following gene ml results are made to appear :^The wood saturated wiih 
sulphate of copper, in the proportion of one pound to one gallon of water, 
or with acetate of copper, one pound to one pint of vinegar and one gallon 
of water, were found in perfect preservation, clean, dry^ and free from fan- 
gus; the remainder, which were saturated with nitrate of soda, prusaiate of 
potash, pyro I ignite of iron, sulphate of iron, common salt, and creoaota, 
presented much decay, and a large growth of fungi. 

The results obtained from solutions of corrosive sublimate — one-eighteenth 
of a pound to agaUon of water (iCyan*s proportion) varied in an aaomaloos 
manaer. 

*' On the Patent Safety Steeriny-n'heet qf Captaut FAYasa, RN*, aai 
LiKCT. Robinson, R»N." 

Serious accidents occur to the helmsmen id large vessels from the little 
power which they have to resist the sudden shocks caused by the sea 
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gifflcliif the radder, hj w)u<^h the helm U often Uken out of their handt, 

1 tbey mrt either thrown o?rrho«ri1 or much httrt, A coaBttni eiperience 

^ aoeidenti, duHiifC hit c^immitid of Ihe three Inrge Bteamert, Preti* 

\it lh€rpo«>i^ tnd Forth, tnd of the Lad^ Floru, laditmin, led CiptaLia 

kjrtr to cooiider »ome mcthcMi of preTentlng tfaeiii» and, at liit, to tfaU 

pfeoLion. 

It toomU in the applicntion ia the «temng-whee1 of t friction-btnd 

niitf to that oied fn erftneii which ptstei round a projecUng cireuinferetire 

aiide the wheeU uid it brought down to a pedal od the deck, by preiiure 

lin whtch any amount of friction can be put on the irheeL It is not desi- 

l|feble that the helm iboutd ever be at a ' dead lock/ without the power of 

fjfidding m little to the shock of a very heary tea, is that would endanger the 

l^ltfrjTiif away of the rurldcr; an adjusting screw ii therefore provided, by 

^' *ib the amount of ultimaie friction that can he put on the wheel ii regu- 

d« afld not left in the power of the tteersman, A great advantage of thia 

jlfCBtioii ia the power which it givei of fixing the rudders of ves«elt lying 

laUde^way or harbour, and thereby preveating the continual wear on the 

' t of the rtidder, and, in time, the lontening of the stem framing of the 

Letters testifying to the merit of the safety steering wheel, froni 

Bt ihip-buildera and naval engineers, were read. It it bei>ig applied 

t large steamers Jria and Mi/rica, now being built at Greenot k, for the 

I Ameiican mail te nrice. The communicatioQ was LUustrated by draw- 

, tad hy a Tery well-ezecuted model. 

BRUSSELS ACADEMY OF SCIENCES, 

Friciea &re offered for t^e best papers on the followinitiuhje* ti^^- 
Aq eUborate etacnioatiori of the stiile of our present knowLrd^ce resp^t- 
llBf r^tfif aod of the principal caunes which serve to modify this phenQmenm* 
I^GoId medal of the virtue of OUO fratica. 
To be Bent i» before September *20tb, 1850. 

To itive a full account of the different reaearchea which have been 

^ indertAkcn, for the parpose of preaerving ii]ftl«riala employed for buildiog 

L B«rf><M«a» auch aa slones of different kinds, inarblei brick, cemenii stuccoes, 

I Itc.t iiciBji«r«ble by exlrroa! ageota. To poiot oyt those procesaca which 

appemr to hsve b«en attended with iiiccesf, and to eoler ioto a ditciinsioD 

af th«* probable cau^ea of that succeas. LBStLy, to piiinl ont some m«thoils 

) of pr«»cr»iitiou superior to those already known, which may b«j employed 

^ for tbe jnaterlals above meutioned, tbo.^e metlod^ being, on suitable theory, 

, 00 eapeHmeQls duly authenticated, and in accordance with that theory. — 

Thi« pnxe, to be awarded by the Cioveromeot, will consist of 1,5110 fritaca 

(ODI.) and a gold medml, of the value of 61>0 francs (24/,) 

To be aeot to before Ii^eptember 2Qlh, tB51, 



UNITED STATES NAVAL DRY BOCKS, 

At the present time the United States Governroent have in progreai four 
\ different dry docks capable of docking the largest vessel aSoat. From their 
great siie and the many improvements that have been Introduced, a corre- 
ipondent of the Franklin Journal layi that they are far superior to any at 
pretcat in use in Europe. Of the four now building one is at Philadelphia, 
[ aad is known as the floating teci tonal dry dock. It is patented by Messrs. 
' Dakio, Moody, Burgess, and Dodge, who are at present conitrticting this 
one for the government, a considerable portion of which ii already com- 
pletedt and the balance in progress. When fitiitbed this dock will consist 
of tan sections, each of which has the capacity to raise 800 tens — total 
power 8000 tons — and wilt take up a veitei of 350 in length* Six sections 
will raise a ship of the line, and the four remaining sections will raise a 
frigate. The sections are placed side by side, and connected by timbers at 
the top of the tanks. The pumps for exhausting the sections are worked by 
four steam'^engines — two of 20 and two of 12-horse power. One of each 
size is u«ed on each side of the dock, and placed to that the two 20-bijr«e 
engines exhaust sii sections, and the two 12«borse eoginet exhaust four 
lactiona, a perfect uniformity of level being maintjiined by suitable con- 
atctions. In connection with the dock, there is a large stone basin, the 
lides and bottom being of granite. This basin is 350 feet long, and 226 feet 
wide* and contains a sufficient depth of water at ordiniry high tide, to float 
the dock and the vessel tt may contain. ImmediJitely adjacent to, and 
connected with the basin, are two railways on the main land. These rail- 
ways arc to be of the most tabstantlal character, and fully capable of 
SQttalning any vessel the dock will raise. The operation of the whole is as 
follows : — The sections of the dock are hauled out into the river, and water 
let Into theiD nnti) they sink deep enough to allow the vessel to be floated 
it, Aa soon as this takes place, and the vessel it properly secured, the water 
is pumped out of the sections, and the vessel raised out of the water. 
When this has been accomplished, the whole is floated into the stone basin 
tod allowed to ground on the bottom, when the vessel may be hauled on 
the railway. This is effected by means of a hydraulic cylinder, of 36 inches 
diameter and 12 feet stroke, worked by an engioe of 40-horse power. If 
necessary, two vessels may be put on the railways, aod a ship of the line 
aod frigate left on the dock, so that the capacity of the dock is equal to 
four vessels of large class. When requiTecJ, additional ways may he put up 
10 connection with the basin. The whole will be completed during 1851^ but 
some of the lections will be teady this itasoo. 



iroTES or Ta£ month. 

National Exkihttitm for 1651. — We have to announce that ill the 
designs for the builrting will be exhibited at the Inttitution of Civil En- 
gineers on the lOth June. The agitation for placing the building in Batter- 
sea Park instead of Hyde Park is taking a definite form, and is likely to be 
suceeufuL 

Prixe* far Locomothe Engint$ in Atuiria. — An official notlco haa 
been issued by Baron Lionel de Uuthschild, thiii the Aotiiriao fovernmeut 
offers six prieei for locomoiive engines as fiitluw :^ A prise of 20,01)0 im- 
p4*rial ducats (10,000/.) fur a locomotive the roost suitably cuuslroci^ed and 
Md>ipted to convey goods end passeofi^eri on the railwity of the Soniring 
niiiuutains, aitd five other prizes of the respective value of I0,U00 imperial 
fluents (5,000/.). 9,000 ducats (4 500/.), 8,000, T,{K»0, and ti 000 duciiia 
{4,[)00/., 3,50l»i , »od 1,0001) fur five other locomolives, which appromti 
netireat to the itirsi prise in the poiuU indicated. Flans and particulars of 
so i ate resting a com petit ioo m»y be hnd at the Imperial Royal Auitriaa 
Cunsulate Gen^rul. New Court, St SwiiliinV-lane, 

Grtai Naval U'ork in Ruifia.—la the mouth of February last, the 
isrent naval basin at Sebasrapol was completed. The largrst ships of war 
in the Russian navy can now be docked at that port* The basin covers ao 
area of ten acres of ground, and has seven dry docks* The water in tho 
baain is thirty feet above the level of the Black Sea, and the vessels are 
taken ia by means of three locks, the iron gates of which were made by 
Messrs. Henoie, aud are G4 feet broad, aod 28 feet deep. Knch of ch« 
docks has a sluice, which can be opened and the water emptit^d out in a 
very limited time, without the trouble of pumping — lb© plan ail opted al 
ihe docks adjoiniug biisius in this country. The Emperor of Eussiis is re» 
ported to have fifty ships of war at present at Sebaalapol. 

JffUthury ^Several plans for supplying the town with water hava 
been forwarded to the l^nl Bo^ird of Health, all attended with an esti- 
mate of Inrge outlay. P. Scott, Esq., C,E,, proposes several plans, one of 
which is to take the supply from near Waltoo Mill, and erecting a pympmg 
engine bouse on the Bierton elrvatioo, th« estimated co!»t of which will t>o 
upwards of S^OOO/. Mr. Paten proposes a supply from HolmanVbridge 
it re am, aod an erection of steam power al the infirmary end of the town; 
this est i ma re is atso oi er 5,000/. A Mr. Wrigg, an eogioeer from Satdeo, 
near Manchester, adopts the surface plan, and proposes several separate 
districts fur a supply of water; each plan is eatitoated as c<»sting upwards 
of 7,0001. Mr. Gotto proposes a supply from Stock Lake at a cost of 
l,80Oi.; and a ftlr. Gardner ad^ipli a supply from the Friarage, and ao 
erection of water-work* iu BallClosf, at a cost of 1,4451. A series of 
useful suggestions from Mr. Belt, of Leicester, was read at the meeting. 
To each plan there arises very difficult obstacles, and it is quite certain 
that if any plan of supplying the town with public water-works be adopted 
it will have to he done at a very great outlay* 

Doter, — A kind id square vessel for the reception of machinery to be 
employed in breaking up and removing th& solid rock at the bed of the sea 
where the refugr bar hour is being built, whose motive power ia steam, haa 
been launched from the yard belonging to the harbour coniractors, and 
which has been built by Mr* Cnllen, ship builder, by order of Mr, Lee, the 
contractor of the new works. The vessel was afterwards towed into the 
inner harbour, aioogside Mr. Cullen's yard, where it will remain until it 
shall have received the engines. The whole of the machinery if expected 
to be completed aud ready for work in a short time, 

Ik9tmyort,'-'A second attempt was uiade at the Keyhain New Steam 
Docks, on the 14th, to raise the caisson, when, the dam burst, and the worka 
became inundated. The contractors, Messrs. Baker and Soo» will have to 
repair this at their own cost« The dam was a temporary one erected for 
the purpose of trying the caisson, to confine the water to the lock or ipoihd 
docJk, and so to prevent the other portions of the work from becoming muo* 
dated during the trial. The accident, however, has obliged the parties to 
postpone further trial for a fortnight. Of the caisson, the TYiwet correspon- 
dent gives the following account, but be baa said nothing atraut the burst- 
ing of the work, for which the contractor was rBsponsible;— "The water, 
for the first time, was let into the entrance lock on Saturday. The caisson, 
which is made of strong p'ate-iroo, and is provided with a tidal valve and 
four sluices, measures BO f?et wide at top, 03 ft. S in. at the bottom, 
is 43 feet deep, and when imuersed. gives a roadway across of 13 ft. G in. 
The weight ia atxiut 300 tone, tnd 150 totja of pig-iron ballast bad been 
placed at the bottom to throw h^T upright This i^uantity proved, bow- 
ever, totally inadequate, aod laboirer^ from Ihe dockyard Lave been since 
employed throwing in additional ballast. It has been calculated that, 
taking the length of the caisson as 70 feet, breadth 14 feet, depth 41 feet, 
and weight SOO tons^ her ligktdraugk t, when upright, would l>e 10ft. lOin. ; 
and that 100 tons of ballast would make her load dr4Ugbt SI feet, at which 
point the centre of gravity would be snfficiently reduced to place her nnder 
command for bringing her to the grooves. *Tbis mode of closing docks ia 
quite new in England. There iii a caisson at Mai la which answers well 
the desired object/ ** The latter part of the statement is absurd, there are 
lota of caissons in £ogland| aa the eminent coostructor of ihem^ Mr, Fair* 
bairn, well knows. 

South WaltM Itaiitpay. ^The works ire proceeding rapidly, aad it ta 
eipected that a single line of rails will be eompleied between Chepstow and 
Swansea about the 10th of this month, and tkat this pQTtiw of the liae will 
be ready for traMc early in July. 
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PreHntation ^ IM Ra^l OcU Medtd ro dir. Sarrp, 11^4 ,— 111* pretentatlon of the 
RofAl Gold McdaJ id Mr. Barry, «t tbe ItiitltQte of Brttiih Architects, took piaceon tbt 
2ditn ult , In prrteuce of a wvj nnoifrouA mectlnf of ttie felJowa mnd, MKietatei. iDd nrcr 
which Earlde Grey pmldcd. HIa lordihlp harlng ejrpre«»ed the tnilkfafilon he fdt Id 
belnf <rall«d ta the ciuUr* tod returned thitakt for the bon^ur don« hltn, cold It wum ih«i 
tblrii jr*»r in which the prli<^ hod been dlitrlbuted, and be tboufiht It would be admitted 
by all that tbt council of the InatUate had thowa the greatest powlbte Impartiality 
<Che«ra») The preacnt year brou^fbt them (treal aatiifacilon, In that the honour waa con* 
ferred upon one of their own body. Hit lardahip then addresi^d blroaelf to Mr. Barry, 
and, having made aame aUoiiana to the difllcultlaa which bad bean cncauntcrcd by Sir C. 
Wren In bulUitng St, Paul*i Cathtdrol, aatd he wai forry that the au^ait ataembly which 
bad thft iDost to do with the er«ctlan of the new Houiei of Parllacnenl; hod tn It a iraat 
number of men who aiked queitlon*, ivt«4« rifrg^vtiofii, and made crItSclstni. while at 
the tame time thrj^ did not kuoir what waa wan led, or what they wnnted themielvea. 
(Cheeri.) Ttie noble chairman then presented the medal to Mr, Barry, acnldit long- 
continued cheera frotn tbute preaent,— Mr, Hnrry, in expretiing hii thanks for the bononr 
done UJRi, laid be felt laniibly aklve to the defet ta of the great work upon which he waa 
tmployed* He rtceJved the mark of approbaUon conferred upon hi » as a pledga of the 
opiulon of (he Inatltate that ao far«t he had been pefmliltrd to carry oot hit oetlfQ,. it 
had col heeu entirely uoiurcttiflrt. (Louit cbevrtn) He should always coRitder the 
honour done to blm u on* of ihs prmideat mtizioriaia of bli profeaalooal career, 

Emeafdt, ^kc^ ^ Seimii^ Pwpo§m.—Thm (btlewiiif is an acctmnt, fn deiaU, of the 
roanner In wble^ the lOOOE.roted annually for rewards, eaperlmenta, and other expenaei, 
for sdeati&c norpoiea daring the last (wo years, has b«tn expeodedi— lti47, lB4ti — 
Silarjf of Ur. J. W. Hay, as cbsmtcal lecturer at Porlamouth Dockyard, between Jan. t 
•nd June Stf, 1847, 371. lOj.t pnpnent to Dr. Andrew Ure, for making an analjrala of 
coal from Vancouver's island^ W. IU«.| entertainment of Mr. F. P. Smith, patentee of 
the acrew< propel liTf on board the F^l^rj^, tender to her Majesty** yacht llrtforii awd Alh^Hf 
lU. &#. ( compenaatlon to LieutenMnt Jullua Roberta, Royal Marine Artillery, far hla aer- 
trices Slid ezp*'^"^* white Improving the method of pirothig guna,. from the year 1845 to 
)848, 2S0i.i totsi, liVM. Uf. \n4f\ 184^ -Payment to Mr. A. Q. Carte, for rock apparatus, 
lkc«, supplied for trial at Harwich, for the purpoae of effeciln^ communication with 
•trandrd Teasels, 3 W da.; gratuity to Mr. J, T.Townson, for bla servicea In preparing 
tables for great circle saEllng, KMX. ; payment to Mr. John Vtldmu, metallurgic chemist,, 
for various aoaljraes of copper the« thing, Ar., for theoommittee on metals, 171. 1$ i pay- 
ment to Un Charles Brooke, for bis Invention and establlahmeot at the Hoyal Obeerra- 
tory, of tbe apparatus for the felf-rFgLBtrBtion of roagnellcsl and meteorological pheno' 
mens, hiMjL i gratuity to Commanlfr R. B. Weston, of the Hon. East India Company's 
serrlcef for dlicovering a method of dnding the longitude by chronometer at tnnrise and 
Sunftet, with ubles, liH.t<. ; total, 7481. &$. 1B41>-S0— Allowance to Commander A< B. 
Beeeher, to defray tbe expenses Incurred hy him In the editorship of the Siintieai, 
Mfa0tuki£f hi)Li allowance to Mr, James Gordon, to eoablrM him to pubUah a workj, In- 
tltiiM, * The Lunar and Tide Tables,' biitJ total, UK>I. 

PimxAial Rugigbert.—Ut. W. Downing Brure, F,S,A„ of the MlddTe Temple, haa 
addreased a letter to Mr> M. Mdnea, M P*, on the neeeMlty of a ireneral ftecord Offlea 
htitig erected. The atate of tha rsgiaterf at the present time U nioiit deplorable \ and 
there cau be no queatlon but that this subject requinu the immedlaie aiu;jilloa of the 
legislature. 

FUMngifor tht Arttia Eitpeditifm.— Ettaptiojc iron bullcheadi for coal holeit or side 
l^nnkefs (an Improvement), Downton^a pumpa worked on, lower deck^ and Sylvester's 
heating apparatua beiJi< extended IQ feet bttare foremoatoabina on lower deck^ alt Is'as the 
^ntarprise was. Alt the acuttJea, or deck Hghta screw In and out for venilfation forehand 
aft : mnd dylverter's atore having a current of air direct by a tube fhini upper deck will 
£arry off much of the damp or condetiaed vapoer, the III effecti of whicfi wcro experienced 
In the lait voyage. Of boati each ship has— lat, a life boat 90 feet long and 9 fi^t beam, 
built by White of Cowet; 9tnd, one diagonal cutter, ^'i feci long, 7 ft, 2 In. b^am, fitted 
with trunks and wlodlaas for laying out or weighing an aachur, Tliun four of 25 feci 
fti'iker-buitt g)g eutlera, or combination boats, pulling lU narf, eiLcti tingle banked. 
One 1t5 feet whale boat of four oars as captain'* ittg; and one li feet dingy, and one 
7 feet punt, the last about SOtba weightf and' would convey lafely two men at a time; 
In addition, they have one large and one amall iNdia rubber or Macintoth boat inflated 
by belluwB, Total of boatst of wood and 4 of air-tight India rubber Macintonh, The 
tlfldgea are itm,ilaT to thote conatrueted for l&at eipedition, but wider «ho«i"iiE? on the sole 
Of the runners I tlie flat aledgee are S Inches wider and H feet longer Ih&n tne I oat were, 
trUh a high curve In forepart. Then Is a gutta perehaobloF^g trough fl,tied on tbu top of 
the IravBlUng sledge, thut it snpportetl by 4 small Iron uprighu, jiatatng through upper 
part Of the i ledge, Thi^ trough eervee to bold the articles slowed or being strappexJ to 
tbe sledge, and will from, Its buoyaney laate a tolerable boat, being only about IB lb, 
weight, yet will support dcwt. In the water. They have a largt? yet light cooking apoa* 
ratua, capable for baking for all hands, or beating washing wuier for the men, with a 
small proportlrin of fuel; they bate alio TPry compaot light ctioking apparatua beatod by 
spirlLa of wfne^ and prepared cloth for tenta, with bamboo polea for dklo. All the ahips 
have been furnished with aereral new lnalnim,»ntA, out? of which ia the Bearbig Plate, 
the inTeiition of Captain Johnaonf R.N., PtR-S. They are fttr the piirpoi»e of aacertalning 
with peaier oerlafnty the fchlp'» course In dark w&ith^r, and or^ particularly uaeful on 
boanfall aiesm veaseif. The Lordaof the Admiralty h^d them made by their inairu men t* 
tnaker(Slr. West, of the iitrand) who alao furnlsbvd some compastea and theodolites 
inad<' of copper, to avoid any magnetic iutluence, and with other improvements by Captain 
Johuaon, which are ciUcuiatcd to be of the treateat posalble advaniage to the expfditlon. 
The e<iuipment for the trnveUIng parties of the expeidUlon hat been arranged entirely by 
lieutenant 3f*C]lniock. It oompdses IB lenta, each to bold seven persona, IS mackintoili 
floordotluL, bamboo tent poles, hair rope; tin traveling keltlea wiib ipirit lamp* and apuu 
glaaa wick*;, 14 large alwdges u|)on ruuiterc; 13 tiqall flat aledget f.ir aofl aervlee ; tin cans 
of two and four guJlona each, tbe bung covered with a cap, which alao servea as a gill 
measure, and secured with n pod lock ; pocket chronometers, pnickft aeatanta^ teleaeopes, 
and ootBpaasii j 4^ gallons of splrlis of wine^ two wolf tkin blanket* for ettota tent; one 
thick blanket b«g fbr each person to alcep in ; eigbt gutta perch* aleJie tcqia, lo adapt 
tlie sledftt« |o cntaatng narrow ipacet of water a^ rafts or bimta, and thu* avoid tlie neces- 
sity Of unloading and uilng a boat; six of Lieutenant Ualkel'i InAated boats ; and SO 
ballooDi to each ihlp. 

/iwi^rotienients m ElecirbB TeUgrckph BotteHks.— In moat of the efectr c telegraph esta- 
bliabmenta, are batteries formed of alue, eopper, and land, moistened with dilute aulphn- 
ric Acid—thii aaod being itroufty pressed between the miituJlle plates. Theae bntterheSi 
bowf'ver much an improvement aver those Ibrroorly cnipliyed, poMsma the great dlnad- 
vantage of dLmkmishing lo force, requiring the frequent application of tht* dihi eacld, and 
a complete remoTol onre in erery four or ua Wieka. M. W. Eiaeniohr, thi* aufATiutc^n- 
deni of tiie eiecirlc lel^i^phs In the Grand Dnrby of Baden, has for nnnn Uma past 
endearoured to And out some method of rendering tbe battery more euufla'<t In Its 
action, and at tlie aame time leis liable to the eareleianess of ihe workmen, who some* 
times put too much acid, and at other times leave tbe battery quite dry, thu* prodiicbig 
a great itiUrruptlon in the working of the telegraph. After varloua eiperimenta on the 
aubject, H. ELsealuhr found that the employment of a aolution of bltarlrate of pots<^h in 
acidulated water for the tine couplea of a DanleU'a buttery, and of s mod<?niteiy i oti- 
eentrated aotytlon of aulphate of copper for the copper element, fully and effectually 
answered the deslw^l object. Thli battery waa found to pua«eft« a r*niarkable c<^n»t»ocy. 
K. K« Watermaau, In a[*eaklng of this new battery In th«< Tost numb«>r of tlje BiUiQthf*pt'e 
^'Unhvrwat of Qeneva, cuiiea that be hss made use of Danleli'i battery of ten cuuprea, 
riiafgpd on M. Elsenlohr'R ayatt^m, but placing the tine eouples In acidulated water, and 
^e copper In a aotuilon of hlurtrate of potgth, and that Ihe battery, which rrmalned In 
HcUoD for three weeks, without any taterruptioti, ejthlbited the most perfect oonsUkDcy, 



The <?r*il ffa/ttfovr ef Rffv^ tA Be/i^wd, The wwit of t great harbor ol i 
on this espoaed coast tiaa loog been fblt; aod vhen It is boraie In mind that the | 
portion of the vast HeeU dcsUtMid Iter lAfWpoal most pass oear Holyhe«d^ ^e i 
Importance of such an undertaking enmot \m csagcermiml. Plans by ICr. Wat 
Captain Beechy, ILX., were rejected, and o«e on a mors impoitaiit acale by Mr, 
who baa mrled out several great public works, was adopted bf Uwa JkAoAnifj i 
1846. Theeatlinate la 700,000;.. of which the Cheater and Bo1ybe«tf Ballway C 
have agreed to iud IMO.OOOf . Tlie works were soon oommaQCed, bot havn goo* on i 
slowly, a^d 10 or 10 yemn will probably elapie before they are cttmpleiad. A vieU t 
scene of this great ojidertaking Is one of the cbliaf attamctloOB of Bolf besd. Ka 
given Mr. Bendel valuable aid. There Is a point called Peorbyn, iboot \\ mile 1 
north-west of the present harbour, whence an Indented rocky ooMt ntn 
Conaiderably within ibia, at Soldier's Point, a {rlgautle bmkw»i»r is In pffog raia . the 
stone for which It prorun>d from a quany lo the mountain, ooe mflt lulttid, to wbith a 
railway of prodigious guage, fbr ttooe trucks, worked by looomollVMi, ttp a veff aisap 
Incline, has l)een formed. The breakwater will termlnaie at Plailer'i Buoy, and « pier 
of 74CN) feet will be carHod from Ynyi Gybi, with Its head restlnf on tb« Ouleff PlMM^ 
The arena inclosed within thia half-torjan will be 910 aow; tbe lenftli m 
J -mile. There will be a Jetty In the centre, and ample depth of witer {jkom 
fathOBsa) at ail atatei of the tide, 

SUam HftKOage on J^ieerj and CAitiiU.—Kn eiperlment 111* llMy T>eeii 1ried«j 
complete success, on the Oloooesier and Berkeley Canal, of a ioiw to t nor ' 
for hauling vessels Instead of horae-power. It conaiais of * oomlonoais fla 
bar of iron, running the whyle length of the canal, and owfts fbit at each tsavtoa, 
Above the deck of the tug are fixed a pair of Mllers, betweea which this ficalbleiroa 
band Is placed, and as they ara made to revolve by the ttMm flogtn«nn bo«rd, the gri|» 
wbicb they take propels the boat. On the trial in quesHoQ, afbM* hauling varions amsU 
oran of from 70 to m loua burden, ahe took in tow a Greek brff , la*len with com lo Iks 
amount of SftO tons, which the towed against a bead-wind to the dock entrance, at s good 
walking pace, ^be hauled tbe oottiMon sanal boats al a rate of A miles an hour, ills 
spe^d being but Utile affected when going against tide. The cost of hauling In tbe de?«fs 
ia a heavy ilem In the trsnait of good*, and~ this Invention is calculated to dliolAiSh the O' 
penae 5^ per cenL, toe consumption of coal being only S5lb. per hour, 

^loirt Troji,— We liaie aeen a patent effluvia trap of Mr. Marsden*s, whkh w^ 
anaweri tbe purpoae. It ia conjitructed in the shape of a drum, with foar reesiven, 
eauaed to revfilre by thtt weight of the water falling into one of (lieai. It Is Impoastya 
for tltis trap to get choked up, or for any efilurla to escape. 



lilST OF n-SW PATENTS 

GBANTtO IN SNGLAND FROll ApRTX. 2^, TO MaT 23, 1850* 

Six M<mth$ aUowed/ar Snrolmefitf wUett otkerwU^ ejtpretted, 

Pierre Armand Lecorate dc Fontalnemoreau, of South-sb^et, Flnsbury, for a new lod 
Improved mode of ponduciinif consuming, and disengaging smoke from Its deleteruNii 
components. (A oi:)mTnunlcatlon,)^April 20. 

Bmeat Werucr Siemens, of Berlin, Prussia, electric engineer, for lmpro*«HMati bi d^ 
trie telegrmphs. —April 23. 

Joseph Jean Saranowiki of London, gentleman, for Improvemeou In auuMamf Ir 
counting, numberiug, and labellin^.—April SA. 

William Gilbert Elliott, of Bliaworth, Northtmpton, gontleman. for InaprovemMitt ia 
the manufacture of hrlcka, tiles, and pipes, and Other article* from plaaiic matanals, (k 
communication.} — April i7\ 

Charles May, of Ipawleh, engineer, and lUbert Lcggett of the tame place. IbrfBimif 
inecbanica to !tf es^ra. Banaoma and May, of the same place, for improvements In vs* 
cbloery for thrashing and grinding com, for cutting straw, and other ilmllar •ub^tsnaia 
alio improvements in applying iteam-power to give nioticn to such classes of machiafTi 
and also IraproveiiDenii In machines for deposlttng seed.— April 99. 

Qeonie Wdilellf of London, gentleman, for Improvennents in treaUog coal and In tb» 
manufkctiif« of gas, and alio In apparatus for burning gas, (A commuotcatloo..' 
AprU SO, 

Bran Protbaroe,of Autlln'friara, London, merchant, for Improvements In the namlhflh 
lure of oiide of sine, and in making puinis from oilde of sine. (A eonimunle«th».p 
April 90, 

Robert DalgUah, of Gltsgow, merchant and calico printer, f^r oertnia Im p n i siawi* la 
printing, and in the application of colours to ailk, cotton, Haen, wvoUeu, uul ottaenttlfla 
fabrics.— May 7, 

Ou<tave Eugene Michael Gerard, of Fsrls, Prance, for Imprortnunta lo dliMliiil 
caoutchouc (Indhtn-rubbor) and gutta percha.- May 7. 

George Humwid, of Ipswich, Sufblk, engineer, for Improvemeitti in frlodlaf vtm 
and otlMT enhitaDees,— Hay 7. 

Joseph Qibhi, of Devonshire- itreet. Portland- place, Middlesex, civil engineer, torlft^ 
proremonta ia artiilcial stone, mortar, and conients,, and in the modes of manufactatisg 
tbe same,— May 7. 

John ToJhara and David Cheetham, of Rochdale, L*ncaater, machine makera, *w ear- 
tain improvementa In machinery or appftrotui and operations connected wHb the tosnu* 
laciure of cotton, wool, aitk, and other ftbrous lubttanoe* and fabrics, and in Ihe applici- 
tlon of certain material* to tlie o^anufacture of textile fabric*.— May 7. 

George Bobbins, of Forrest Lodge. Southampton, gentleman, for improvemeiils ia lln 
eonsiructl inof railway carrloge*,— May 7, 

J5hu Youll, of Ardwich, Manchester, brewer, fer certain improvementa In mn^iMtf 
&f apparatua for washing, deauaing, fltling, and corking boitlea and otbar y il l i ' 
MayB. 

WUltam Edward Kewton, of Chancery-lane, civil engineer, for imptroeouala la warti- 
log and veiitliailng buildings. (A coinmuuicallon.^) — May S^ 

Robert Cotg reave, of Eocleatoo, Chester, farmer, lor certain Itnprovenenla In ••• 
chinery or apparatua to be u*ed In draining land.— May 28. 

Henry Columbus Heurry, of Manchetter, ctvU engineer, for certain improvnnmli III *t 
method of lubricating machinery.— May 122. 

William Palmer, of Cottage <grove, Bow-road, Middlesex, grtttleman^ for ImprvrnM* 
In the manufacture of candles and candle-wicks, a»d in th« mscbinery apptlcaMe is 
aueb matteni.— May t9, 

Jule* FredeT'ck Malilard Dumeale, of Paris, for ceriain improrementi in reflecsoit^ 
Inminarie*.— May M. 

Simon Plncofllkt of Maneh«*li?r, Lancaater, merchant, for certain Improvements in Ife* 
ageing proctt4 in calleo prIntTng and d^uiog, which iinprorenunti are also apfUc^l* ^ 
Olhe;^ pfocesaea p3 calico printing and dyeing.— May «». 
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GREAT EXHIBITION OF INBUSTRY OF ALL NATIONS. 
{With an Engraving, Phie VIIL) 

In onr last number we j^ve a short reference to the varions 
desigtiH Bent in for the Exhibition Building' in 1B51 ; in our present 
we give an engraving, sliowinf^ the plan proposed by the Building 
Committee, »5 the result of their investigations. It will be «atis- 
factor)' to many of the competitors to find that the design of the 
Committee is formed on the same system as their own. One grand 
Tiew i^ given through the building^ from east to west^ by an avenue 
tinder the bigheat roof, and which will be appropriated for seats, 
io that the visitors cjin scarcely fail to have their attention called 
to the roitp ffttiL The genera! arrangements arc good, but a grand 
dome is provided, on which we have more to say. 

Besides the central avenue, a corridor of communication u 
provided around the building, and the spaces covered im ith trees 
are appropriated as refreshment courts, likewise serving as centres 
of transit^ fto as to facilitate acce4gs to the f^everal departments. 
The entrance* are four in number — the outlets all around the 
building. The elevations are sufHciently effective, without any 
attempt at display. 

The iron dome, two hundred feet in diameter, or cone, as it is 
suggested, is made the chief feature, biit we question very 
^^ expediency of the suggestion. Undoubtedly, it would 
j^r^lit triumph of English art, to erect such a work; but we 
cannot help looking to circumstanceB, the more particularly when 
no such exertion is needed, ai* the contents of the building will be 
ft sufficient demonstration of our povvers and resources. It is better 
to rely on the book than on the binding — on the jewels than on the 
case — on the exhibition than on the building. The ff/wcftirV*' should 
cunaist in the objects shown, and we sliould not give in to the false 
taste of seeking to make the building itself a fpectaeU. In St. 
Petersburgh and in Paris, such an auxiliary as a colossal dome 
might be required; but we need no such iciiit. The ocean steamer, 
which conveys the diittant visitor — ^the railw»ys, which bring him 
within the metropolis — the bridges which span the river — will strike 
him with wonder enough, and give him a full conviction of our 
engineering and constructive power. As a matter of taste tlie 
dome is not wanted; we think we have given sufficient reasons 
why it is not wanted as an object of display. Use it has none; for 
Appropriated to works of sculpture, the most colossal bronze we 
have — even the Wellington statue. If brought across the road, will 
leem a pigmy under the va^t vault. 

While there is, in our humble judgment, no reason for making 
the Attempt, we question very much whether the attempt to con- 
itrubt suon a dome by the spring of next ye»r will be sueceseful, 
ffreat as arc our resources. A failure will injure us in the eyes of 
roreigners; success cannot win from them a higher opinion of our 
•kill, while whatever the funds at the disposal of the Commissioners, 
there are so many urgent demands upon them as to render the 
outlay for a dome very undesirable. 

Altiioitgh all the details of the lighting are not given, there is 
iufficient in the plan and elevation to show that top-lighting by 
tkyligbta is extensively used, which, for most objects of exhibition, 
is far from being favourable. A skylight gives the very worst 
light for most ornamental objects; and a» the Exhibition will be 
beld in the summer months, when sun light and heat are strongest, 
man ' ' ^' works must be very much injured, although a great 
exp' he gone to for blinds. We think it very desirable 

that >iui ' 't^'uH be put in above the gutters in the central 

roof, and as far as possible, in the refreshment courts, and 

on the oiii . ,. .. the building. We are well aware there is an 
(objection to have openings in the walls, which might ^ive facili> 
ties for the removal of goods; hut in a building so well guarded 
we consider this of little weight. 

An arrangement, which we likewise consider as affording insuffi^ 
cient accommodation, is the height of the walling, which being ^5 
feet, is not enough for the display of curpeting and other goods of 
extemiive area. The height ought to be at lea.st Mi feet. 

The building will certainly be vast in its proportions — beyond 
anything which we have seen in London; for its length is about 
S3dd feet, whereas the Houses of Parliament have a facade of 875 
feet, London Bridge of 1005 feet, and Waterloo Bridge of 1326 
feet. Thus the fat^ade of the Exhibition Building is above twice 
the length of London Bridge, and thrice that of the Houses of 
Parliament, The breadth of the Exhibition Building being about 
4^ feet, and the area 1,000,00;( square feet, the space roofed is 
fisT greater than the area of Ljncoln's-inn-Fields, or of the great 
Pyramid of Giaeb* Never before was there a building so vaat got 

He. lii*— Vol*. XIIL— Jolt, l%0. 



up for alike purpose; for the dimensions of the Paris Exi^oaition, 
aa shown in the engraving in the December number of tne Ciml 
Biioihmr and Architect t Jourriai^ are ^0 feet long, and 3S0 feet 
wide, constituting an area of 361,000 square feet. Thus the London 
Exposition will have a facade thrice the length, and an area four 
times greater. 

The area of 1,000,000 feet wiU be covered with one roof, except 
at the dome and the small refreshment courts; and the least 
height of this roofing will be 91 feet high, the greatest SO feet* 
The spans will be 48 feet, except at the centre, where it will he 
06 feet over the line of seats. Not only will there be a vast roof. 
but likewise a vast flooring, formed of boarding, laid on joists and 
deeper walls. 

We are glnd to sec that, notwithstandmg the invitations of 
foreign architects and the compliments paid to them, the design 
and construction of the building adopted is to be under English 
atiapioes. 



LECTURES OX THE HISTORY OF ARCHITECTURE; 

By Samuel Cle^go, Jun*, M.f.c.E., r.o,s. 

Delivered at (Ae Coilege/or General Fractic&i Science^ Putney^ Surreif* 

(pauiDKXT, BIS oaAOK ram otraa ow aircctatrca, k.q.) 

Lecture VI L— ATH ENS : Fortifiratione^Templee, 

Is contemplating Attica, the first sensation must be that of 
wonder that a spot of earth ?*o minute as scarcely to be perceptible 
on the chart of the world, should have exerted so great an tnAu- 
ence over the whole civilised globe — an influence felt in thought, 
in speech, and above all, in art, even to the present day. There 
is something sublime in the idea of a smalt state, naturally barren 
and comparatively poor, solely by the moral and intellectual 
energy ot its inhabitants rising like a grant to stretch its mighty 
shadow over all ages and all Innd;!!. Athens itself is surrounded 
by a halo of bright associatit>ns, — the Atrrv^ one of the eyes of 
Greece — the learned city^lhe school of the world. 

Great nations have risen, have coniiuered, and have passed 
away, leaving scarcely a ripple on the ocean of time — for their s was 
but physical power, and ny nature finitci but the thoughts of 
great men and the works of genius, like the immortal soul from 
which they emanate, live for ever, to gladden the hearts of 
unborn generations. 

While Thessaly and Arcadia boasted their rich woods and 
plains, the mountainous district of Attica afforded but a scanty 
support for a few shrubs and a thin vegetation; and in many 
parts the bare calcareous rock, rising aliove the soil, defied alto- 
gether the hand of the husbandman. But this sterility proved a 
boon instead of a cur*e: all the activity and courjjge of the 
inhabitants was called forth by necessity, that first great practicnl 
teacher. The Athenians were driven to undergo danger and diffi- 
culty abroad, in order to supply the wants of honie: instead of 
being cooped-up within the liuiits'of a luirrow sphere, they acquired 
a love for enterprise and adventure; thu*, at the earliest period 
of their history, attaining that ardour and energy of character that 
produced their after-greatne**. Another influence was e<fually felt 
oy the Athenian. The barren country of Attica had offered few 
itidueements to the invader: the people imagined themselves its 
indigenous iniiahitants, and were accustomed to weave f^olden 
grasshopper;* in their hair to denote that they also were children of 
the aoiL This belief gave them a passionate attachment to their 
native land — to tht^se hills and plains on which no proud conqueror 
had ever set his foot* This patriotism — this strong love of country 
—prevented that overweening selfish ncsa, always so great a barrier 
to progresii, and brought the wanderer in search of learning, 
wealth, or fame, home, to enrich his beloved Athena with his 
accumulated treasure. 

The original city of Athens was limited to the Acropolia, then 
trailed Cecropia, after its supposed founder, Cecroj)«. who lived 
nhout the same time with Moses. He was succeeded by a long line 
of kings, the most memorable of whom was Theseus. This hero 
is said to have given new law*a to the country, and to have founded 
the Prytaneum as a court of justice for the whole of Attica. He 
also established the Panathenaic festival; and, by these means, 
attracted a great concourse to Athens, which thenceforward became 
the capital of Attica, about 1300 b.g. At the death of Codrus (1091 
B.C.) monarchy was abolished, and popular freedom gained grotind, 
until in the year 684 &.c. a democracy was firmly eaUbliahed, the 
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head of the state U#in|f a magkimte, chosen annuBlly, under the 
fittme of firchoQ. 

From til is time Athenian power steadily increased. Solon and 
Pi«istratu8 jlourijihed at the nnm& period (between JOO and 60U 
ii.c.); nnd though differini^^ widely in other respects, they both 
agreed in honourinjEf the arts find sciences, Solon, by his Jaw&, 
encouriiged the fine arts, whilst Lycnrgus, on the contrary, for- 
hade their cultivation: thus it was (as an ancient writer observe*) 
Uiat Lacedajniiin Ims left no aigu of its greatness^ while Athene?, 
from tlie a^tpect of its* ruined city, would appear to have had mure 
power thjin it in reality |J08«»e«sed. 

PisistratuR founded a public library, and adorned the city with 
other buildings. Befare the time of the Persian invasion under 
Xerxes, the yearly revenue of Attica did not exceed 130 talents, 
or 3tX),mMi/.; but the event which threatened ite destruction w«8, 
iu reality, a source of wealth and greatneas, Attica, by ita get*- 
IH'wphical position, was peculiarly adapted for a maritime country; 
its statesmen therefore turned their chief attention to the orgarii- 
sntion of a fleet; and it was principally bv the Athenian navy that 
the battle of Salamia was won, Xerxes driven from the country, 
mid the supremacy gained over the other states of Greece. 

Athens had been laid waste by the Persians, hut rose, like a 
phcenix, from its ai«hes, Ilicheii poured into the treasury from the 
ipoiU of enemies and the coat ributitms of allies, a tithe wag set 
apart for the restorati»in of the city, and the excitement of the 
people, £0 lately engaged in a stru|irgle for existence, found a vent 
m the rapid progress of the public works. 

It was during this period of fifty yaars, from the defeat of the 
Persians to Ibe commencement of the Peloponnesian war, thui the 
most splendid edHices were erected, under the several adminis- 
trations of Themistocles, Cimon, and Pericles, and that the arts 
nrrived at their highest point of perfection. 

The finit of these great men, after the devastiitions of war, 
HAturallv turned his attention to work^ of utility, conunencinp; the 
Jong walls het^reen Athens and the Pirffieu**, and fortifyinif the 
ports. The magnificence «nd liberality of Cimon reutlered him 
desirous of adorning as well as strengthening the city; and 
though at this time (4d\5 ii,c.) the common treasury was transferred 
from Delos to Athens, such was the munificence of Cimon. that 
many of the works were carried on at his own private expense. 
Tinder his administratioi^ the Temple of Theseus and the portico, 
called PtEcile, were erected, the Academy and public gardens laid 
nut and planted, and the great Diotiysaic theatre commenced. 
The brightest era of Athens had now arrived, and at the same time 
ii statesman arose, fitted above all others, by his cultivation of 
mind, taste, and eloquence, for the advancement of his great 
iibject, the prosperity and splendotir of his native city. 

It was the good fortune of Pericles, that in his time, artists 
existed capable of carrying out his ideas; and it was also the good 
fortune of Phidias, Ictinus^ Myron, ami Polycletus, to have been 
t'mploycd by one so fully able to appreciate their genius. Thus^ 
in the course of a few years, were accomplished works which have 
l>een the wonder of ages; works not only magnificent in design and 
exquisite in execution, but erected with such attejjtion to durability, 
that after the expiration of u thousand years, they were ruined by 
the wantonness of man rather than by the finger of time, 

Plutarch observes, speaking of the buildings of this period, "A 
bloom is difi^used over them, which preserves tlieir aspect untar- 
nished by time, os if they were animated with a spirit of perpetual 
youth and unfiidiog elegance." The enemies of Pericles accused 
^im of lavishing the money of the allies in gilding the city of 
-Vthens, and ornamenting it with statues and tempfes, as a vain 
woman decks herself with jewels. To this Pericles replied, that, 
'"as the state was provided with all the necessaries of war, its 
^superfluous wealth should be expended u{>on such works as, when 
ejtecuted, would he eternal monuments of its glory, and which, 
during its execution, would difl'usa universal plenty: for as it was 
requisite to appropriate so many kinds of labour, and such a variety 
of instrument?* and materials to these undertakings, to exert every 
art, and employ every hand, almost the whole city would be in 
pay, and be at the same time adorned and supported by itself/' 
Pericles demanded ef the people, ** whether or not they thought 
that he had expended too much?" They answered in the affirma' 
tive. **Then be it,** said he, '* charged to my account, not yours; 
only let the new edifices be inscribed with my name, not with that 
of the people of Athens." The Athenians however would not agree 
to this, and answered, ^^that he might spend as much as he 
pleased of the public treasure, without so siring it in the least,'' 

Periclee might probably have embeliliked the city to a still 



greater extent had peace continued, but in 431 ii,c. the Pelopon- 
ne^an war broke out, wluch, lasting twenty-seven years, demanded 
all the resources and energies of the Athenians* In the time of 
Couon (400 B.t\) Athens for a time recovered her supremacy; the 
Dionysaic theatre was now completed, a gymnasium constmcted in 
the Lyceium, and a stadium for the celebration of the Panathe&ik 
games. 

But a power was soon to arise before which all others had to 
bow. Alexander the Great was born 36S d.c^, and from liis time 
may be dated the loss of the freedom of Greece. With the loss of 
liberty, the love of glory that animated her people declined; that 
sltblimity of spirit which had distingutiihed her artists was gone, 
and the arts languished iu decay. Athexts nominally preserved her 
independence by an alliance with Macedonia, but her archon wai 
supported by a Macedonian garrison. From this time, sometimei 
in alliance with Macedonia^ sometimes with liome, she waa plno- 
dered by both. But though her naval and military power vat 
broken, and the brilliance of her schools of art and philoeophjr 
dimmed, she was still regarded with a kind of reverential awt; 
and the education of a voung Roman patrician was thought iocom^ 
plete unless he had studied in the schools of Athens. 

Though Greece did not become a Roman province till the time 
of the Kmperor Vespasian {il9 a.d.) she had long been beholden to 
foreign powers for any public works that were carried on, and 
Greek art may at this time be said to be lost in that of Rome. 

I will now endeavour to trace the position of the principal build- 
ings of ancient Athens, that some idea may be formed of the 
appearance and arrangement of this once beautiful city. Nearly 
in the centre of the town rises the Acropolis^ a craggy', abrupt, 
limestone rock, Heemingly formed by nature for a citadel. It is 
oblong in form, lying from east to west, about ISO feet in height, 
rather more than 900 feet in length, and 480 feet la breadth. 
High up the sloping road to the west stands the great Propylea, 
which, with its wings, occupies the whole natural entriuioe to the 
Acropolis. Before the southern wing stands the small lenie 
Temple of Victory, without Mings, on which iEgeus eitOMl lo 
watch for the return of his son Theseus from Crete, and whence 
be cast himself in despair when the black sail ap]reared in aighl* 
The Acropolis was holy ground; no dog or goat was allowed to 
enter its sacred precincts. Here were found the works of Phidias 
and Praxiteles, of Polycletus and Alcamenes, representing the 
gods and heroes of Athens. Ulterever the eye turned, some sacred 
objt?ct presented itself — some form of beauty caused the footstep 
to linger. So numerous were the decorations of the Acropoli&i 
that Pliny mentions no less than 3000 statues as standing there in 
his time. 

On the highest point of ground is ibe Parthenon, the great 
temple of the tutelary goddess; and on the northern side the 
Krechtheion invites the devout to offer sacrifices to Minerv^a Pa- 
lias, and the nymph Pandrossus. On the other side rose the 
colossal brazen statue of Minerva, the glittering point of whosi 
spear was visible as for off as Sunium. Below, on the southern 
side of- the rock, are the long ranges of seats belonging to the 
great Theatre of Bacchus and the Odeion of llegillae. These were 
connected bv the Eumenlc Stoa« Next, towards the east, was the 
Odeion of iWicles, still within the Temenos of Bacchus. Thi 
street of Tripods extends from here to the Prytaneium, undei Um 
north-east angle of the rock. 

Standing at the entrance of the Propylea^ and looking towardi 
the west, the first object only separated by a narrow gorge, is the 
hiil of the ancient court of Areopagus. In the eastern corner, over* 
shadowed by dark trees, Btands the Temple of the Furies, thoee 
fearful goddesses whom no Greek could mention without a shudder, 
and who caused even the spoiler Nero to turn trembling away Irom 
Athens, as the nlat^e of their abode. Yonder is the Pnyx, with iU 
rough hewn walls, and bema, or pulpit, from which Detno^shenei 
used to address his excited audience; and beyond again Wretched 
the Long Walls, onwards to the bustling port Pir»eusL crowded 
with shipping and merchandise. Afar off to the nortli-west, il 
visible the sacred city of Eleusis^, with its temples and^ propyleaj 
the holy gate Bipylum standing between the outer and inner Ceta- 
micus, leads to the Eleusinian road. The Cer ami cue was planted 
with groves, and adorned with porticoes and statuee. The old 
Agora occupie«l part of the inner suburb; and in this were streets^ 
taking their name from the different trades carried on there, a* 
the street of the makers of Mercimes, the street of cabinet- makei^ 
&c. Beyond the gate Dipyliim, at the extremity of the outer 
Ceramicus, was the Academy, celebrated for its grove of tall plane 
trees, beneath the shade of which Plato taught. WMlm She 
suburb, a liule lo the north, stands the Temple ef Tli«st««; nod 



een tbis and the Prytaneium was the new Agora, and tLe 
r arhorologia of Aiidronicus Cyrriiestes. 

t uii now turn to the miuth-ei^t^ wht^re the Ilissus fiovrs past 
ity, and where the Cfilhifroe ^pnngri, the only natural foun- 
at flweel water la Athenst On an klaod, furmed hy the 
1% stood the Eleuiinium^ a building so sain-ed^ that wheti the 
»itants of Attica crowded within the fortifications of AtheiiJ^, 
m breaking out of the Peloponne&iian war, the Acropoliii and 
tfleusioium were the only places they scrupled to iuhiibit. In 
temple the lesser mysjteries were celebrated* 
I the northern hank of the river i^ seen the ^e^t peribolua 
Teniple of Jupiter Olyoipius; and, on the'sotith, the statlium 
ipriated to the Panathenalc ^nies. Following the course of 
Itssus we reach the Lyceimn, the school of Aristotle and his 
aietic disciples; and at the foot of Mount Anchesmus was the 
■argea, the aacred grove of liercule^ where Anti^^thenes 
led the school of cynic philosophers. On all mdea without 
ity gntea were cemeterie9 and monuments; and beyond^ over 
vuntry, spread the different demi, or digtricts studded with 
^ and planted with. olive g^ruves and vineyards. 
r were the Athenians unmindful of the poor; for we are told 
^here were no lesD than 300 places where the destitute might 
rarnith and strelter for the nijurht, 

return to the Acropoli!) and Itti fortifications. The natk of 
itadel show traces of varioui^ periods^ i^ome psirts beixip; oom^ 
i of those unhewn blocks known as Cyclopean ; other^s of 
mtely fitted polygonal blocks; and others^ near the entrance, 
a later style, the stones being placed In regular courses, with 
lints broken as in modern masonry. The polygonal masonry 
una to have been the work of the Pelasgians, who were sent for 
tify the citadel, as being the best militaiy archUet;ts; and a 
. of ground below the northern side of the wall, allotted for 
residence, was called the Pelasgicon. 
irtly, however, the Atbemans becaine jealous of their assist^ 

the Pelasgians were driven from the country, and it was 
ncd that the Pelasgicon should in future lie waste, for the 
r protection of the citadel. After the destruction of the city 
6 Persians, the walls of the Acropoliii were repaired so hastily 
the riiins of the old buildings were un^d in it;* construction* 
^architectural fragment* may yet be seen in different parts. 
rails enclosing the city were about 7| milcH in circuit ; they 
60 feet in height, and were composed of massive rectangular 
s of stone, fastened together with iron cramps, run in with 
This manner of fastening the blocks was very common in 
se, where cement was seldom u/^ed. The stones are now fre- 
^y found bored with holes, madf for the purpose of abstracting 
letal. 

)eautifuj example of Greek masonry exists in the pavement of 
'ropylea at Eleusis, It consists of blotks of Pentelic msirble, 
, in length and breadth, ami J 3 inches thick, so erquisitely 

that the joints are iu many places imperceptible, 
the time of Themistocles, in order to prevent the enemy from 
hg-off the communication between Athens and the Piraseus, 
^tebrated Long Walls were commenced, 475 b.c: theywerecon- 
d by Cimon, and finifdied by Pericles. The^e walla, including 
Ity^ and ejctending in a double line thence to the ports, and 
y encircling the Manychian Peninsula, were about 19 miles 
igth, and were Aanked at intervals hy towers. Where the 
id was marshy, the foundations were laid with chalk and Istrge 
8 of stone; and upon these the walls weremised, so wide that 
i>Bded wagons could oelss on the summit* They were in part 
hrown by the Laceasemoniaus, after the Peloponncsian war, 
'ehuilt by Con on, after an interval of ten years, and were 
Y destroyed by Scylla (86 b.c.) 

the three ports of Athens, Phalerum, Munychis, and Pirieeus, 
\ once viea in dignity with the city itself, few ruins remain; 
Bse with which statues and fragments could be carried nway 
ring them a temptinitf prey to the nspoiler. The sites of several 
tngs may vet be traced, as that of the Pirieic theatre aud the 
I, called llippodamia, after the architect iUppodanius. 
ny splendid structures are deficribed as existirj^ at PbaK'rum, 
lost ancient p<»rt. Amongst the rest, the altar inscribed '*to 
nknown gods;" but all these have long since disappeared. 
e Spartans pursued an oppi»site course to the Athenians. It 
he policy of Lycurgus to dissuade them from fortifying their 
preferring that they should trust to their own bravery as the 
means of defence. It is to be observed, ho we v^er, that the 
i country of Lacedwrnon is naturally fortified by the steep 
itains th;it surround it. 
e jnost interest iug example of ancient fortiEeation now re- 




maining 19 the wall of Mes^ene, built from the plans and nndar 
the superintendence of Epimanondas, after the defeat of the 
Laced nemonians at Leuctra (371 d.c.) 

The kind of masonry with which these wails are composed was 
called efftpleetoriy having faces of rectangular stone olocke in 
regular courses, filled-in with rubble work. The two faces of the 
wall are bound together by transverse oourses, or through stones, 
placed from 7 to 10 feet distant. 

Towers were erected at intervals along the wall, of rectangular 
form, with the exception of two on the north-east side, the front"* 
of which are semicircular. The towers consist of two stories, 
with windows and embrasures in each. In the lower story they 
were eplayed to facilitate the discharge of missiles. Flights of 
steps led to the top of the wall and to the towers from the interior 
of the city. One of the gates was double, enclosing a circular 
court 63 feet diameter* There was also an outer area 31 feet in 
breadth, defended by the projecting walls. On the paved road 
leading from the inner gateway into the city, the marks of wheels 
are still visible. 

The walls of Pharsalia are similarly constructed, and are 15^ 
feet in thickness. 

The ancients hearing the shield on the left arm, the right side 
was comparatively unprotected. TTiia influenced the Greek mode 
of fortification in the plan of the approaches and the position of 
the towers. If an enemy were climbing the road leading to the 
entrance of the Acropolis of Athens, their right side would be 
exposed to the defenders during the whole ascent. 

The masonry principally employed by the Greeks was either the 
before-mentioned empleet'on, the isodomon, in which the courses 
are of equid height, or the pseu do- isodomon, where the courses 
differ both in height and in the length of the stones. The roads 
were paved with oblong blocks of stone, 

Greece is remarkably rich in stone and marble. In Attica alone 
are the quarries of white Megarian, the grey stone of Eleusis, 
the bluish Hymettian, the veined Carystian, and above all, the 
snowy marble of mount Pentelicus. The buildings of the age 
of Pericles are all constructed with Pentelic marble, which, on 
account of its white and glittering surface, was, for architectural 
purposes, preferred to the more creamy Parian. Time, however, 
has brought their comparative excellencies and defects to light: 
while the Parian hardens with age, and presents n bt- autiful and 
wax-like surface, the Pentelic is apt to decompose, from being 
traversed by veins of extraneous matter. Works executed in this 
marble are now, therefore, somewhat rough and earthy in appear- 
ance. 

Dr. Clarke gives an interesting account of his visit to the 
quarries of Paros. He says: *'^We sbemed to view the grotto 
exactly according to the state in which it hud been left by the 
ancients. All th*? cavities, cut with the greatest nicety, showed to 
us, by the sharpness of their edges, the number and size of every 
mass of Parian marble which had been removed for the sculptors 
of ancient Greece. If the stone had possessed the softness of 
potter's clay, and had been cut by wires, it could not have been 
separated with greater nicety, evenness, and economy. The most 
evident care was everywhere displaved, that there should be no 
waste of this precious marble." 1 he following anecdote may 
give some idea of the value of marble amongst the ancients; — 
When the Kphesians were about to erect a temple to Diana, 
they met to consult upon the best means of procuring material; 
the quarries then worked were far off, and the cost of transport 
would have been enormous. Wliile they were deliberating, a 
shepherd of the name of Pvxodonis happened to be feeding bis 
flocK on Mount Pion, or Prion, near the city; and two rams 
beginning to tight, one of them missing his aim, struck his horn 
ujl^ainst the rock and broke off a fragment, which proved to be of 
the purest white marble. The shepherd immediately ran with it 
into the city, where it was received with acclamations of delight. 
Pyxodorus was in consequence, not onlv honoured, but canonised, 
his name being changed by the grateful Ephesians to Euangelua, 
nhe good messenger/" A monthly sacrifice was oflTered to his 
memory', on the spot where the discovery was made; and this 
custom continued to the time of Augustus C»sar. 

After providing for the defence of his city, the next care of the 
devout Greek wa^ to erect fitting temples to the gods« 

The pious Athenian believed himself under the protection of 
some particular divinity, in every event and circumstance of life 
Each profession and employment had its tutelary god. The 
sailor sacrificed to Neptune and Amohitrite; the student to 
Apollo and the Muses; the artist to Minerva; and the hunter 
to Diaxia. The Temple of B«cchtis was situated near the theatre, 

2«» 



9!f 



THE GIVIL ENGINEER ANT) ARCHITECrS JOURNAL. 



whM^t)iai fesitve god presided. That of Ceres was in the open 
plainsi, where the Hu^sbsftdman ini|j:ht pursue his dai]y toil under 
Iter protecting infltience* Every fountain had lie nttenaant nymph^ 
and every |p-ove its dryadesj, who were propitiateil by offerings of 
milk. oU, And honey. 

Arter the fiuccessful termination of any enterprise, gratitude 
waa expressed to the favouring god by votive offerings, the warrior 
presenting shields and Brmour; the agriculturist his first fruits; 
Hud each v\rorahipper according to his ability and avocation. These 
offering were suinetimes of great value, and were preserved in 
t e temple, or the sacred iiiclosiire* 

In nothing did the Greeks display their sense of beauty and 
love of the picturesque more th»n in the choice of a site for their 
temples. They were generally placed on elevated ground, where 
they could be seen from skfkir^ as the F;bH]ienon, and those of 
Jupiter PMnbelleniaa at j^giua, and Minerva at Sunium. Where 
thiA was not the case, they were separated from the notice and 
bustle of the city by their peribdus, or Racied in closure, which 
was adorned with statues anu altars, and planted with trees; thus 
inviting meditation by the charm of lepose. In some instances 
the peribolus. or temenos, was so extensive as to contain other 
inferior temples., and even theatres and purticoes; as the groves 
of Jupiter at Olympia, and of iEscolapius at Epidaurus. The 
p©ribolua was frequently surrounded by a peristyle, and contained 
the dwellingia of the priest^ and all those employed in the service 
of the temple. These, with their families, formed a village within 
the peribolus, and lived, as it were, under the immediate protec- 
tion of the divinity. 

The Greek tern plea were rectangular in form, A few ruins of 
circular buildings have been found, called by the Greeks *'Hholi;" 
but *t appears uncertain whether these were sacred structures. The 
temple was raised above the level of the peribolus hv a platform or 
stylobate; sometimes this was ascended hy steps only in the front; 
but where there was a peristyle the steps of the stylobate were con- 
tinued all round. V'itruvius recommends that the number should 
he unequal, that the level of the temple may be gained by the 
right foot* Three was the customary number in the Temple i^i 
Diana Propylea at Eleusis; however, there are five; and in that 
of Theseus at Athens, only two. This is supposed to hare distin- 
guished it as a heroum, or temple to an inferior divinity. 

The stylobate occasionally formed a sort of area round the 
building. On this it was the custom to place a large altar in front 
of the naos, as at the Temple of Minerva at Priene, on which 
public sacrincea were offered, in view of the congregation assem- 
bled in the peribolus. Access to the naos or eel la was prohibited 
to the populace; tliia was denoted by a cord extended across the 
doorway* The proportions of the temple differed according to 
the number of apartments required. Sometimes, in addition to 
the cella, there was a pronaos; sometimes both a pronaoa and a 
posticus; and generally in the larger temples, an opisthodomo:^ 
al&o, where the treasures and sacred utensils were kept. 

Frequently, the opisthodomos of the principiil temple was the 

Euhlic treasury of the state; this was tne cage at Athens, and at 
Delphi. The Interior of the eella was lighted througli the roof; 
or, sometimes bv the door only. On the recurrence of great festi- 
vals, the whole joterior of the temple was artificially illuminated. 

In the earlier temples the roofs were formed of i'den^ or terra- 
cotta, stuccoed and painted; but Byges of Naxos, who lived in 
the time of Solon, about 3H0 b»c,, invented a mode of roofing in 
marble, for which he was honoured with an inscribed statue, a 
mark of distinction equivulent to a title in the present day. This 
invention consisted in the means adopted to prevent the water 
oozing through the joints of the flat marble slabB. This was done 
bv placing over them ridges of small dabs, resembling tiles. A I 
the extremities of each ridge, antifixae were placed, generally in 
the palmette form. Below the antifixw was a chaioiel for the 
water, which passed off through the perforated lions' headi^ on the 
crowning member of the cornice. 

Vitruvius directs that the lions' heads over the columns should 
alone be perforated, while the intervening ones are left solid, to 
avoid the inconvenience of water dripping upon persons entering 
the peristyle. 

Greek temples are divided by Vitruvius into seven classes, which 
he denominates in anth^ proittyk, amphiprmtyle^ peripteral^ dipteraiy 
p9eud(h4ipteral, and hypathrat ; though few of the Greek examples 
exactly agree with the rules laid down by Vitruvius, they bear a 
sufficiently close resemblance to he thus ciassifted. The temple in 
anti4i (or as the Greeks termed it, naos en partuta^in^ is the most 
simple, consisting merely of a cella, the walls of which are termi- 
nated in front by antie, or pilasters, between which two columns 



are placed, supporting the entablature; the whole b crowned by a 
pediment* 



Ternjtie In A&tii Tbemifi tt RitimDUt. 

A beautiful example of an Ionic temple in antU wa« found in 
Asia Minor, a drawing of which is given in the Monian Antiquities," 
published by the Dilettanti Society. There is also an ancient 
example at Rhamnua in Attica, called the Temple of Themis; 
this is constructed with polygonal blocks of marble, and is of the 
Doric order; it is only 35 feet in length by 95 feet in breadth. A 
variety of this class is &een in the Temple of Diana Propylea 
at Eleusis, in which the form of the front is repeated in the rear, 
thus being to the simple temple in anih what the amphiprostyle 
is to the prostyle. In the Temple of Esculapius at Agrigen- 
tum, there are two engaged columns between the ant<e in the 
rear. The great Temple of Ceres at Eleusis was in aiitif until the 
time of Demetrius (307 b.c), when the architect Philo added to 
it a magnificent dodecastyle portico, thus hriiiffing it under the 
second class, the prostyle, Thia was similar to the temple in u»fi>, 





Pmulyle Temple «1 SclfntiAte, AmphiproAlf kv TvQiple on ta»| 

only with the addition of a portico ; the angular columns of 
portico are placed in front of the ant®, terminating the wall ; in 
this class a pronaos, or vestibule, waa sometimes added to the cella. 
The ampbiproi^tyle temples have a portico In the rear, as well ai 
one in the front; this posticus is generally added when a second 
entrance is required. An example of this class is the Ionic temple 
on the Ilissus, a restoration of which is given in Stuart's ^Athens.' 
The larger Greek temples are mostly peripteral; that is, they have 
an ambulatory or peristyle along the flank, as well as porticoes m 
front and rear. (Jf this class i« the Temple of Theseus at Atbeoa^ 
now in better preservation than any building of ancient Greece. 
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la th« yew 465 iix., after the battle of Marathon, Cimon had 
th« reDiainn of Theseus cuiiveyed to Athene, where they were 
reinterred with great pomp and rejoicing:, and this heautifiiJ edilice 
erected over the pla^^ of sepulture. It U hexastyle^ hut differs 
from the rule of Vitruviua, who says that where there are six 
columns in front and rear, there shoulil he eleven in the flanks, 
including thoi^e at the angles. Here, however, there are thirteen 
oolumtis in the ianki^; nor amongst the Greeks doe&i there seem to 
have b«en any fixed rule, the number differing nccor^ina; to the 
requiTted lenf^th of the temple. The hexastyle IVmpl*^ of ApoUo 
Epicurius at fiassse lias fifteen columns along ench flank, and that 
of Bacchua at Teos eleven; hut in the latter temple there is merely 
• cella, with its pronaos, without any apartment in the rear. 
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Prripttiriil Temple of Apolla Eplcurtat, al Bntfae. 

The lieroum of TheKeus has a cells, with a pronaos and pos* 
ticus, formed bv the prulong^ation of the side walls of the fella. 
The cella is 40 feet in length, by 23 feet in breadth ; the pronaos, 
with its portico, is 33 feet; and the posticus 127 feet in depth. The 
columns are S ft. 3*05 in. lower diameter, and IS ft. S'6 in. in height; 
the intercohimniations of the peristyle are 5 ft. 4 in., and the width 
of the ambulatory 6 feet. The whole height of the temple to the 
tup of the pediment is 33 J feet. The Greeks, in a great measure, 
overcame the eflfect of the small apace between the portico and the 



iironaoe, and the posticus and tHe^ opisthodomns, by making tli# 
interior columns oi smaller dimcv^ons; thus calling in the defo- 
sion of perspective to their aid. The interior of the temple ako 
was raised a step from the portico. The eastern portico unly of 
the Temple of Theseua was adorned with sculpture. The metttp«e 
were car\'ed in bas-relief^ the subjects taken from the principal 
events in the life of the hero, and the walls of the cella wi>re 
decorated with historical paintings by the band of Mycon, Thi«i 
temple was surrounded by a peribolus, of such extent that the 
military assemblies were held within it. It waa also an asylum, or 
sanctuary, and is now a place of interment for those of our country- 
men who die at Athens. 

During the last year of Turkish dominion in Greece, the Pasha 
having been informed that a hive of bees had settled in the north- 
eastern corner of the pediment of the Temple of Theseus, ordered 
his people to bring him the honeycomb. Upon being told that it 
could not be got at, as it was so far down among the stones^, he 
commanded the corner of the pediment to be thrown down^ in 
order that the honey might be obtained. Such anecdotes sliould 
be considered by those who blame the English for having carried 
away the relics of ancient Greek art — these *' robberies, a« some 
have been pleased to call them^ having been the only means of 
preserving them from total destruction. 
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Plf^tersl T«fnpl« of Apollo Dldj^meriu, al Mlleta*. 

The fifth claAs, the dipteral temples, have two rot*s of colunHia 
rilong the J!anks, forming a double ambulatory. The Temple of 
l>iana at Kphesus, built by Ctesiphnn, and that of Apollo Didy- 
niffius at Miletus, were dipteral. Finding the number of columns 
both inconvenient and expensive, Herniogenes of Alabiinda omitted 
the interior range of columns in the perjj*tyle, making the walls of 
the cella range with the columns third in ordor from the fmgle*i 
of the front, and giving an ambulatory of double width, — thus 
inventing that cla^iH known as psiieu do-dipteral. The great temple 
at Pj^iitum, that of Diana at Magnes^in, one at Selinunte, and 
many others, were constructed ou this phm. 

V'itruvius describes the hypielhral temples^ aft belonging to a 
different class ; but this distinction does not appear to have lexisted 
in Greek temples; all those, whether peripteral, dipteral, nr 
pseudo-dipteral, dedicated to the principnl divinities, being hypit- 
Ihrul, or having the cella open to the sky. This custom originated 
in the east, and wa^ continued amongist the Greeks, it being deemed 
impious to confine the deity within a temple covered in by 
mortal hand*^ instead of by the blue cano|jy of heaven. To ex- 
clude the sun's rays, or to protect the statue placed in the cella 
from the inclemency of the weather, a pepluR, or veil, was either 
extended over the opening in the roof, or suspended before the 
statue* The peplus is mentioned in a passage of Euripides: — 

*' Thwn from ibe tfeftiVy of the goij h« takc« 
The conBu<-r«;«d Lap'rtry, i^ endtil wool! 
To elnttie dtjUj Kriterul livftde the wortdrDUi fCt^nei, 
Fint o'«7 Lbu riHit ht •(tresuli LU« iklrte^ peplM.** 
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Tlie prepAration of the Bftcred pepluss, which was nchlv embroidpred^ 
Mms eommitled to a band of chosen virgins* At Athon^^ a neM^ 
peplus wtin prenenteil to Himorcin, at the recurrence of the great 
ruliathenaic festival, every five years. 




PM>odo-di|>ti!riiJ Tempk at ^llnunfe. 

It at first excites surpriste that in countries so limited as Greece 
and her colonies in Asia Minor, so many mat^nificent temples should 
have been erected, regardless of la.bour and expense, and that some 
of the moBt splendid sacred edificef? existed in otherwise insigni- 
ficant cities; but it ntuKt be rememliered that many of these were 
cathedral oromphictyonic temples, where people t^f different states 
and tnwna assembled at certain times to celebrate fetttivalH, hear 
causes arg-ued, and settle disputes; and all thuug^ht it a honour to 
he allowed to contrihute to the adornment of the holy edificea» 
Such were the Tcmpleji of Diana at Ephesns (in renewing which 
Aleicander the Great in vain offered to defray tbe whole expendi- 
ture to be permitted to have his name inscribed there) and of 
Apollo at DeloH, where the lonians were accustomed to congregate 
ot a periodical festival; and where Apollo wa«* worshipped under 
the ancient form as Mitbra; the capitals of the columns being 
formed each by the busts of two kneeling hulls, hide by aide, the 
old symbol of sun or tire worship (an en^aving of ^hich is given 
in the supplementary volume of St uart'a 'Alb ens'). Such too wa« 
the great Temple of Jupiter at Olympia, which was crowded with 
worshippers from all tbe Hellenic states every fifth year to 
celebrate tbe far- famed Olympic games, to be victorious in which 
was considered sitprcme felicity. The Temple of Jupiter was 
more ancient than the Parthenon, dating, according to Fausanias, 
as far hack as 650 d,c.; but it must have been restored or repaired 
after that time, as the roof is said to have been constructed on the 
plan of Byges of Najcos. This temple was of the Doric order, 
peripteral and hypuethral : it was 230 feet in length, 95 in breadth, 
and 68 in height to the summit of the pediment: it was built by 
Lybon of Elis. On tbe centre acroteria on each pediment, stood a 
gilt figure of Victory, with a golden shield beneath, and gilt vases 
were placed on the acroteria at the corners of the roof. According 
to Pausanias twenty*one shields were suspended on this temple, the 
spoils of Numonins, on the conquest of Achaia, Tbe custom of 
hangilig shields on the tempi e«; has been before remarked ujum; 
one was placed on the Temple of Minerva at Syracuse (probably on 
the acroteria), which was Keen far out at sea: it was the custom 
of the Sicilian saiJors to offer sacrifices to ensure a prosperous 
royage on losing sight of this shield. The chief glory of the 



temple at Olympia was the colossal stiiiue of Jupiter, ffO feet in 

height, formed of ivory and gold: one of the masterpieces of 
Phidias, After the works of the Parthenon were completed, 
Phidias and his disciples removed to Elia to adorn the city of 
Olvmpia; he was employed here about four or five yeens, and was 
held In such high estima'tion that he had a studio assi^ed to him, 
close to the sacred grove, and was allowed to inscribe bis name 
upon the footstool of the divinity. The building in which he formed 
the statue wag long known as the workshop of Phidian. The god 
appeared seated upon a throne, crowned with a golden olive wreath; 
in his right hand he held an image of Victory, and in his left a 
sceptre richly inlaid and surmounted by the figure of an eagle; Ms 
robe and sandals were of gold, covered with lilies and other devices^ 
bis throne was sculptured in relief, and set with ivory, ebony, gold, 
and precious stones. On each foot of the throne were four dancing 
\'ictories in relief, and two statues of Victory stood near on each 
side* So beautiful was this Zeus considered, that according to 
Arrian, it was a misfortune to die without having seen it- The 
descendants of the great sculptor had alone the privilege of 
cleansing and preserving the statue. The whole territory of Elis 
was sacred to Jupiter; it would have been an act of the greatest 
impiety to carry on war within ita limits; if an army marched 
through the state, they delivered up their amis on entering, and 
were only ailowcd to rrsume them on passing the boundary. 

The oracular temples of Greece also attracted a great concourse 
of those desirous of prying into the secrets of futurity. Of these 
the Temple of Apollo at Delphi was the most celebrate ; the firft 
stone ediBce was erected here !»i% b.c., and was the great re* 
pository of the treasures of ancient Greece. Whilst PhidJas was 
employed at Olympia, the artists of the ancient, or arehaic school, 
were engaged ^n decorating the Temple of Apollo. Amongst tbe 
followers of this style of art, we hear of Canachus, Calon, and 
Hegesias; but as the arehaic school retained the crude, stl^, iradi* 
tjonal forms, whilst Phidias i\n4 his pupils effected a revolution in 
art through their earnest study of the beautiful in nature, it is 
not wonderful that the names alone of the former artists have 
descended to posterity, and those attended with but little fame. 

The means by which tbe oracular re^^ponseti were obtained at 
Delphi are too well kuuwn to need repetition here; but in another 
celebrated shrine at Argos, the mode of deception has only been 
discovered since the temple fell into ruins. The ejid where the 
altar stood was excavated out of the rock, and the remainder of the 
building constructed of baked tiles: part of this striicture with the 
altar still remains. Dr. Clarke, in his interesting * Travel*,* relates 
that he found a subterranean passage leading to the b»ok of ths 
altar; this, he says, was so cunningly contrived, having a small 
aperture level with the surface of the rock, that it was easily 
concealed. A person descending into this passage might creep 
along till he got behind the altar, from whence the voice 
mysteriously proceeding, would have an imposing effect to the 
prostrhte worshippcrn in front. The reverberation of tbe hollow 
rock would give u supernatural sound to the voice of the person 
concealed, 

A third class of sacred edifices supported by the contributions of 
the assembled multitude, may here bo mentioned — those dedicated 
to Eseulapius, the divine pbysician. These places of resort for 
invalids were generally situated near »ome medicinal spring, and, 
like our Bath or Cheltenham, appear lo have been as much for 
amusement as fitr restorntion. The sacred grove of Kpidaurus was 
the most celebrated, where the efficacy of the holy litreum or the 
fttvour of the god was acknowledged by the presentation of nam- 
berle^ little eftigies of limb«, or other parts affected, such as 
may be seen suspended around tbe image of some miracle-working 
saint in the Continental churches of the present day. Many of 
the«e at Epidaurus were attached with wax to the ^nees of the 
statue of Ehculapiu.i. 

So great a sintiluritT exists amongst the temples of ancient 
Greece that a detailed description of each would be mere repetition, 
there are two however, which from their extreme beauty, demand 
particular notice, 1 shall begin the next lecture, therefore, with an 
account of the Parthenon and Eretbtbeion at Athens; and ahftll 
then dci^crtbe tbe theatres and other places of public amusement, 
concluding with tbu viHasof the ttreeks, and their mode of decora- 
ting their edifices, whether public or domestic. 

Llt^T or ACTHOILITIKS. 

T]injtfIap.^\p<?liUHrur« Atiiict, CinLn*.- .VntlqalU«« of TonU, DUsUaoti 
Aniii|iii(li4'i cf .%tUr». DtlNiUiiii ^uctfftf.—A.nU^iuuin uf AUjctia, Sluftrt ftAd Uwwmt*^ 
TruttftB tn ()n»re«, Ur. Gi4fk«».— TrNia*! hi Gr<c»c#, Cbft»dJar.~T»ur In Tlrrf<t. Of* 
Wgraiwoiihr-^AfiiifiMitlt • of lirigtift Orgacit, W likioi.— Tovouftblij •! ^Ihir t Ca j, 
UaU-^Piularcli't iat«. ^^ 
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TERRACOTTA AND ARTIFICIAL STONE 

m rmmrki oti TifrraeoHa and Artifieit^l Stom ait tstnntcted vfith 
Uoiupe, By CHAiii.Ea Fitwler, V.P. — (Pttjier read at the 
1 Jii«titu4e of BritiBh Architects, Jum 10th, IHSO.) 

vBQtTGu the sohject I hiive iu jii^eseril to you is not of an at- 
ive nature, I lio[>e it may prove not unworthy of your atten- 
inasmuch as every Brohitect must hiive escnerieticed the 
rtaTi<*e of being well acquainted with the vanofHi muterials 
I m>/ be availAble according tu hical and other circtimatances, 
wh'^ require vaHo^ia modrlicrationft of de^i^n and construe- 
^emandin^ the exercifte both of his t&ste and Bkill, With 
lion, I venture to invite your attention to the diibject 
otta and ArtiHcial Stone^ as materials offermg^ valuable 
obtaining arohitectural effect and exprPH^fioii when stone 
.rbJe cannot be prti cured, or cannot be employed by raastm of 
great expense. Under the general desi^ation of terra-cotta, 
I Hternl scn^e, I include all moulded work^ mich aa bricks 
il to be substituted for stone in cunstructin? columni, vault- 
b*^ windows, and other architectural member-*, aa well a« 
vmfia wrhich are more ^triclly ornamental, a^ curbel^, tablets, 
uilatties, vaaea, ike. For these variout^ imrposea^ and under 
pile variety of circumstance*, we shall find that terra-cotta 
fe^ii employed with g-ood effect; giving the advantages of 
Ly and durability, at a moderate expen^ in many cases in 
I these objects could not be »o well attained hy nny otber 
l« On inve^tfpjtinjsr the origin of terra-cotta, or the practice 
tilding and baking; clay for building purposes, we may extend 
esearches to the earliest times; for it la obvious that the art 
praing briekji and pottery must have been one of the first 
a of civiliBHtion; but, although such may have heen its origin, 
jbjert j>n>perlv relates lu superior efforts, requiring the talent 
e urtist aa well as the Hkill and dexterity of the artisan, 
e ancient cilie« of Nineveh and Babylon are considered to 
been cbieAy constructed of brick; but modern researches 
not brought to light any specimens that come properly within 
Mi^e of our subject. Nu bas-reliefs, nor architectural mem- 
>f any kind, in terra-cotta, have been founds hut merely vast 
di, the debris of buildings serving only to identify the site* 
KM once renowned cities; tliJJi negative evidence, however, 
not be deemed conclusive against the existence of the art in 
I where so many circumstances concurred to call for, and to 
Die its practice* 

Greece, where stone and marble abound, and were so ex ten* 
^ used by the ancients in their celebrated structure*, we find, 
theleM, that terra-cotta wiis aometimes introduced^for ex- 
\ in the eaves of roofs, in which use and ornament were skil- 
combined, by making the crown mould of the cciriiice form 
rout of the gutter. It is evident tliat the roofs to which 
specimens belonged were covered with tileij, of which they 
•d the bottom course; thus uniting the roof with the cornice 
pilig to both, and answering the useful purpuse of an eaves 
p. It will be tieen that there is consideraole ingenuity in the 
anical contrivance for fixing, as well ns great taMte In forming 
Towning member of the cornice. Campi^na, in his Work on 
kCotta, mentions ornaments among the remains of the 

, which are probably similar to that already described. 
Mj instances might be adduced of the introduction of terra- 
in Roman temples, but I am not aware of any specimens of 
Mae architectural character as thof;e jiiBt mentioned. The 
IlioA of baia-reliefs and statuettes, &c., at the British Museum, 
iiill-liQOwn (although at present secluded iu ch^e presses.) 
ttikibit striking exampleti of the taste and skill of the 
li in this department of decorative art. Engnivings of 
lUMre been published by the Trustees of the Museum, and 
ol them are further Uluatrated in a superior manner in 
mm9 work, from which it appears that there are duplicates 
NmI of the specimens, and oondeqtiently tltat moulds must 
employed in producing them,, There are also further 
of thefe specmiena in the collection of the Soane Mu- 
ll in remarkable that in every iustance clay only is used of 
M kinds and degrees of fineness, but without any mixture of 
wateriala, aa in the modern practice of forming artificial 
The Etruscans were so eminently distinguished by their 
nd ta«te in the fabrication of pottery that we may naturally 
that they employed the same material in architectural deco^ 
I alao in lieu of fu^ulptore; but I am nut aware of the exist- 
nf any specimens of Etruscan terra- cot tas, excepting those 
rude ooet of tombs and monumental effigies in the British 



Museum* After this cursory glance at the use of terra-cotta by 
the ancients, we paas on to the use of it in the middle agea 
of which the evideucea are more numerous, as the application was 
much more extensive, 

Jn Romanesque buildings, and those erected In the cinque-ceiito 
period, we find moulded bricks and various architectural members 
of teiTa^cotta, auch as corbellings, columns, vaulting-ribs, cornicew, 
enriched arches to doorways, windows witn mull ions and tracery, 
medftUiona, tablets, friezea, &c. In the north of Italy, where the 
country is to so great an extent flat and alluvial, and stone is con- 
seqiiently scarce and dear, there are numerous instances of the u-^e 
of terra-cotta in churches and other public buildinp. Aggosi' 
Tower, and the church of S. Maria delle Grazie, at Milan, may h& 
cited among other examples; the former dtstiiigu itched by elaborate 
detailii executed in moulded bricks, and the latter, in those por- 
tions erected by Bramante, containing bas-reliefs and other enrich- 
ments in terra-cotta. The more ancient parts have brick mould- 
ings, corbels, &c. 

In the north of Germany, the scarcity of building stone haa 
led to a very general use of moulded brick and terra-cotta; and 
the buildings of the middle ages in these parts are remarkable for 
the bold and effective manner in which nearly all the arcdiitectural 
features are so executed^ and for which we are accustomed to con- 
sider stone as almost indispensable. In the churches, which are 
generally of va^ft dimension:*, there are massive columns elaborately 
moulded, bold projecting- ribs in the vaulting, mullions and tracery 
in the windows, doorways enriched with shafts and moulding* — 
ornamental corbellingii, pinnacles, and even fiiiials, all formed in 
plastic clay well burnt. 

At Lubeck the examples are numerous and striking, and besides 
the cliurches, which are on a large scale and of a bold style, may be 
noticed the llath-haua, the Hospital, and the City gates; the latter 
being Rurmounted by towers and chamberts of an elaborate charac- 
ter. The domci^tic architecture is also distinguished by the preva* 
lence of the same style, and produces a very picturesque effect. 

At ihoubur^h, the church of St, Peter, which was nearly 
destroyed by the great coullagration in 1 94*2, hag been entirely 
restored, excepting the tovver, by ^lons. de Ohateuneuf, with strict 
adherence to its original style; the restoration is executed in 
moulded brick, and is pridiably the only instance of a modern 
work of this kind in ^vhich that material has been so extensively 
and efficiently employed. 

At Hanover, the Rntli-haus is a curious specimen of elaborate 
medieval work in brick, but the style is not so general in that city an 
at Brandenburg, Luneburg, Tanc;ermunde, and other towns lying 
more to the north and east, which are more completely within the 
district where brick constructions prevail, and stone is rarely met 
with in ancient structures. In our own country the art and prai"- 
tice appear to have been introduced much later, and can scarcely 
be traced beyond the Tudor period, when plastic materials were 
found particularly convenient and economical in the execution of 
elaborate details with extensive repetitions of the same parts, as in 
ornamental chlmney-shaft«, battlements, corbels, friezes, moulii- 
ings, pinnacles, &c. Examples of thci^e are too numerous to be 
particukrised, as they would form a long catalogue of ancient 
mansions and collegiate buildings by which the age of the Tudor** 
is distinguished, and which have been ably illustrated by the 
publications of modern authors and artists. 

In the parsonage house at Great Snoring the frieze consists of a 
series of neadi^ in niches, in bold relief, idl formed by two moulds 
and closely resembling similar hmzen in private dwellingi* ;a 
Bologaa, where the same kind of ornament is found to prevail. At 
Hampton Court, the medallions containing Roman heads, in bold 
relief, inserted in the walls, appear to be of Italian workmanship, 
and there were several of tlie SEime description in old houses in the 
city of Lt»ndon, but the besom of modern improvement has swept 
away the greater part of them. The county of Norfolk is remarkable 
for a great number of ancient structures, m which the architectural 
and decorative features ?*re wrought out in moulded brick, or terra 
cotta (doubtless for the local reason before alluded to) and amoiiga 
the moKt ancient of these may be mentioned Caister Ca^ftle, near 
Yarmouth (temp. Hen. VI I,} whose lofty towers and bold corbel • 
lings make it assimihite with some of the ancient fortresses on the 
banks fif the Illiine. 

The style of execution which we have been c^insidering appears 
to have had its full development during the Tudor period, at the 
latter part of whicJi it wa^ superceded by the introduction of Italian 
architecture; for examples of moulded brick work, or terra cotta, 
are rarely to be met with in editicea erected subsequent to the reign 
of James L, except as detached tablets, shields, or heraldic insigiiut. 
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R ii* rnther reninrkable tlmt the revival of the manufacture *>f terra 
cottii, or more properly of artificial stone, in Englund, should have 
been effected by a lady. About sixty years ago, Miss Coade, from 
Lyme Ret^n, pusseisiiing a large nhnre of scientific knowledge and 
energy, enib^irked in a small manufactory of artifioial stone in Lam- 
beth, which, by her perseverance and g(mA management, eventually 
Attained a considerable dej^rree of celebrity. To this original 
establishment in Lambeth the merit is due <»f greatly improv^ing 
the composition of the materia!, and the processes hv wljich its 
permanent character was :itt:iined* The proprietor had also suffi- 
cient enterprise and ilisrrimination to avail hen*elf of the talents of 
«ftaie diKtinpjished artists, and thus produced works of a Buperiur 
chnrncter, which muy fairly vie with tho«e of the chL*^!, The 
bas-relief in the pediment over the western portico at CfreenwicU 
Hosipital, representing the Death of Nelson, was designed by West, 
and executed by Bacon and Pauzetta, who also modelled many 
other distiufruished works* 

With respect to modern in.stanees of the use of artificial stone, St. 
Pancras Church may he considered as one of the most important; the 
greater part of the ornamental details being formed of this mate- 
rial, at the large outlay of 5iOf>/, The work was executed by Mr, 
Hos-sJ, from the de^^igns of Mr. In wood, the architect: and, ac- 
curdiug to pressent r^jipearances, the material promises to be very 
durable. About the same time extensive bas-reliefa, colossal 
figurfis and other decor»tii»ns, executed in the . same material, 
were placed on the front of the Custum House, London, hut these 
specimens have been removed. The statwe of Britannia, made of 
artificial stone, which crowns the Nelson column at Yarmouth, 
renuiins uninjured by the exposure, to which the stone work seemn 
10 be yielding. The Bj^u-Akademia, in Berlin, by ^chinkel, is a 
remarkable example of the uioilern adaptation of moulded bricrk 
•nd terra- cotta, of which every part, even the face of the walk, is 
most carefully wrought and finished. 

Having taken a genenil view of the history of the art in ques- 
tion, and its application in various ages and countries, it may be 
proper to give sonte account of the composition and miHle^ of 
forming and perfecting the artificial stone as now pniLtised. It 
has been already stated that the ancient examples are evidently 
formed simply of fine clay, or brick earth — carefully prepared and 
%¥ell btirnt— and they are, therefore, precisely of the same nature 
as coarse pottery ware, and are correctly designated "■* Terracotta;" 
hut the modern artificial stone in a very ditferent Hubstnnce, and 
greatly superior to them in hurdness, texture, and colour. The 
result of inquiry at several establishments shows that some diiTer- 
ence exists, both in the ctimposition and processes adopted by the 
respective miinufacturers, hut without any obvious difference in 
the rcsfritH. The |irincipal ingredient is the white potters clay, 
forming about one-half; jjuLerised stf»ne ware from one-third to 
one-fifth; ditto glas><, from one-fourth to ouc-iiiuth; and some 
add, for finer purposes, a snudl pf*rtion of white Ilyegate sand and 
powdered flint, about one-tenth part of each: these ingred lent;? are 
carefully mixed in a pug-mi !l to a stilf consistence suitable for 
modelliug or moulding, and then worked into the various forma 
required. With a view to entiure perfect burning, an uniform 
thickness must be preserved in all parts, usually about l|-inch, i 
hut proportionate to the bulk and strength required; considerable ^ 
atteutiou i,^ necessary in the process of drying that it should be 
blow and regular, go as to avoid any distortion of form; the time 
to be allowed must., in some measure, b" govenied by the state <*f 
the atmosphere anii other circumstances. The same considerations 
regulate the burning, which should proceed liy very slow degrees 
to a white heat, and ample time should be allowed fot cooling: the 
practice in ihesie respects — \^hich appears to vary very widely iu 
different manufactories — allovs from ten U* fourteen dnys for dry- 
ing, from seven to fourteen for burning, and three or four days fur 
cooling. 

The kiln at Messrs. W. Cuhitt and Co.*s, which may be taken as 
an ordinary example, is a cylinder of lOft, Gin. diameter externally, 
and 10 feet high to the base of the cone. The enchasing wall is 
two bricks thick, having a large opening for packing and unjiack- 
iog the articles to be burnt, \rhen the kiln is filled, this is closi?d 
up with lumps, preparatory to lighting the furnaces. The interior 
is lined with tiles ,J-iuch thick, grooved and tongued together, and 
act in Stourbridge clay-^ leaving' a vacaiicy of 4 inches, which is 
called the muffling, all round. There are twu furnaces, aud about 
three tons of coals (Ilartfeys) arc consumed in one burning. The 
progress of the burning Is ascertained by hniking through an 
inspection-hole with a lens in the hide of the kiln. 

Having been led to the consideration of this subject with a view 
to its practical application, 1 venture to adduce some instances in 



which I have used artificial stone, combined with other materials, 
in the construction of cornices, which, at the same time, serve 1 
purpose of eaves guttem. The advantages proposed in th^ae c 

were lightness and strength, with durability and eeonomy. 

one example here exhibited, it will be seen that, as a mere corons 
of the cornice, it gives apparent magnitude to the elevation, with 
very slight addition of substance or weight. The material, from 
its hardness and imperishability, is best suited to the situation 
where it is most exposed to injuries. It also forms a rim, or mar- 
gin, which throws back the water instead of allowing it to run 
down over the face of the mouldings in the usual way, in which the 
top Riopes outwards; and by which, in a smoky atmosphere, the 
cornice is liable to be much defaced and injured. Another example 
refers to the cornice of a petliment, therefore it is independent of 
any gutter. In another example the gutter is at the back of the 
cornice, and is of a distinct construction. In another the gutter 
h contained within the facia and crown mould, forming a continued 
trough, resting on a course of slate slabs, which constitute the 
soffit of the cornice. And, in the last example, the gutter forms 
a separate portion, lapping over a facia, which is also of artificial 
stone; and the whole is supported on slate slabs, as the preceding 
one. The several parts are united lengthwise, by rebated joints, 
set in white lead, and bedded in cement on tfie brick and Klate. 
The Greek examples, before alluded to, first led me to this prac- 
tical application of terra-cotta. It sliould b^ observed, that the 
chief dJtHculty in preparing this material for the several purposes 
mentioned, is its liability to become distorted in drying and burn- 
ing, 1 o avoid thii* it is necessary that the pieces should be short 
in proportion to their width; and then the deflections (which in 
some degree are unavoidable) may be s<i adjusted in setting as net 
to be conspicuous; and as the cornice is the part most remote frum 
inspection, the imperfection is the less observable. Further, it 
may be presumed, that if the use of artificial stone were more 
general, and occasioned consequently a greater demand for this 
description of work, some means would no doubt be found fon 
rendering the manufacture more perfect. In order to obtain a £ji 
or current in the trough gutters, the bottoms are partially filled 
up with Portland cement having the greatest thickness towards the 
centre, and gradually diminished to the outlets. This, besides 
facilitating the discharge of the mm wafer, serves to strengthen 
the construction, bj^ covering the joints and fortifying the sides. 
The colour of artificiid stone assimilates tolerably well with Port- 
land or Caen stone, but the texture is liable to nave too much of 
the glare of pottery. Us durability, if properly manufactured, 
may be deemed almost unlimited, and its economy, if judiciously 
applied, is a further recommendation; but this involves many 
important considerations for the judgment and discretion of the 
architect. 

Although these remarks have properly been limited to terra-cott» 
and artificial stone, which, as the designation of the first implies, 
have to undergo the action of fire; yet, as the latter is now applied 
to a material prepared by a ditfereut process?, it may not be irrele- 
viint to make some mention of it on the present occasion. It 
appears that this substance consists of a concrete, formed with 
cement and sand, variously proportioned, and the forms are pro- 
duced from moulds; consequently one of its chief advantages if 
economy where uunierous repetitions are required. If a nice nnish 
is desired, these productions can be worked up and sharpened by 
the chisel. 

This art has been practised for about twenty years; but it i« 
more particularly within the last ten years that it has been brought 
into very extensive use: the experience, therefore, of its durabiutT 
is, at present, rather limited; but, at all event*, great credit ii 
due to the manufacturers, for the taste evinced in many of their 
productions, which constitute another resource, in cases where the 
works of the sculptor would bo excluded by their great expense. 

Iteverting to terra-cot tu, 1 beg, in conclusion, to observe, that it 
may be seen from wh^it has been stated, tluit it possesses many 
valuable qualities and recommendations when introduced with skill 
and discrimination — viz., strength, durability, and economy; more 
particularly where high relief and sfiarpiiess are required, and for 
parts extensively repeated. That it atfords the most pertect oppor- 
tunity ihr the development of artistic talent in the higher hranchef 
of art, inasmuch as tiie model in this case becomes the original and 
permanent work; embodying in hU its freshness the original touch 
and conception of the artist. Further, and in regard tosiructv 
considerations, that il may be combined with other materials, < 
tu afford increased means and futilities for giving architect 4 
expression with sound construction and eccnomy. 
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THE POETRY OF ARCHITECTURE. 

wmr T9ad fty Jamm Edsosstox, jun., at the General Meeting of 
AUeeiuraiJuoeiation^ May Sit/, 1850. 

t be tiue that Architectare is a fine art; that it is eminently 
!• of reeeirins: the marks and impressions of mind and 
set; If it hat the power of reflecting the radiations of the 
Mom fire of genius — why, then, it is most truly poetical. 
Iiat Is poetrv hut a comhination of all these? and to talk of 
Mtrf ot architecture is not a mere form of unmeaninfi^ wordo, 
cprewei a fact that should attract our attention and study, 
it eennot be possible for us to place the standard of our art 
A^ or to fix a limit to the excellencies of which it may be 



It architecture does possess all these characteristics, I think 
in deoy; and if to some, such expressions may seem to belong 
re theory, I will ask them, at all events, to allow what is, 
tuatel^, evident enough — that the opposite of these things 
; that la to say, that want of harmony, that bad taste, which 
launonly call vulgarity, and which is the offspring of an 
leated mind and low order of imagination. If, then, it is too 
n that architectural forms hare the power of conveying to the 
anch impressions as these, I must contend that it is absurd 
■poenble to say that improvement is not to be made. The 
iiNtinctively points out what is vulgar, deformed, and un- 
K there must of necessity be the reverse of all this, and the 
will discern and approve' what is beautiful, poetic, and pro- 



Uiee appear to me that more profit than may be at first sight 
ent^ may be derived from the study of the art under such an 
t aa that now under consideration, since the desire of excel- 
la the incentive to all exertion; and the more fully the mind 
ireaied with the glorious height and perfection which may be 
led, the more firmly and determinately will it buckle on the 
ir of thought to the task, the more intently will it labour to 
mnt the difficulties of the road, and gaze firmly on the goal 
it denres to reach, — while without laith in the result of our 
iona we can achieve nothing. 

lat I would call the true poetry of the art is that combination 
ea, that disposition of outline, that moulding of form and 
lament of detail, which should be guided by taste the most 
led and refined, and, above all, should speak to the beholder 
f and intelligibly, with a voice mighty yet inward — a work, 
mtemplation of which, like the divine strains of melodious 
f ahould elevate and purify the mind, encouraging those 
ions of the soul which uartake least of the earthly clay from 
we have sprung, but which, with purity and intensity, yield 
m to the imagination far beyond those of a grosser nature; 
ling to the sensibility of the soul, and to those innate percep- 
OKf the beautiful which God has implanted in all his intelligent 
irei, — ^the ex^mal harmony from without, finding an internal 
lae within us. Very mysterious and subtle are these infiuenccs 
at we call *^the beautiful,'' or, as I have called their highest 
Mion, the poetry of art and nature— neither to my mind 
ag onl^ in the power of perception, but an actuality in the 
perceived: not wholly a matter of tne intellect (to be merely 
red like scnolastic learning), though certainly to be cultivated 
mproved,— but partaking of all these; consisting of none 
jT, but in part of all; an absolute outward principle, fact, and 
stion, existing in and pervading all things, though often we 
lot perceive or understand it. Yet it is of great importance 
re should believe it is to be achieved and evolved; for if 
re may fall into that frigid and philosophic view of our art, 
will so alter its nature, that we shall no longer be able to 
f its poetrv; and may at last reduce it to a mere manufacture, 
be worked out like a mathematical problem — not taught to 
; into warm life bv the creative power of genius, fuM of 
fill thought, and clothed with the glowing expressions of 
r. We shoula, then, gladly welcome those refining influences of 
jrt, allowing that such things may be and are, and strive to im- 
them to the uttermost. I have not alluded to colour as being 
nary agent in producing these effects, because I certainlv 
that, although an important element and not to be despised, 
lat it ia certainly altogether secondary to form, arrange- 
&c. 

fine art must be poetic; for is it not the illuminating power 
lins, and the thoughtful ardour of a superior mind, which, 
ng upon the natural rough and intractable material, makes 
I block of unshapen stone an Apollo Belvidere, or arranges 
a with true and powerful harmony on the canvas ? 



Perhaps it may not be an inapt simile to compare the works of 
the painter and sculptor to the sonnet, every word of which should 
contain the richest imagery and most suggestive thought, polisheil 
and refined with the greatest care, and yet brought into so small a 
compass; while the architect's works come more nearly to the 
grand, less-minutely finished, but powerful and majestic, epic — in 
part forcible and striking, in part subdued and general; varying in 
description, but as a whole, grand and complete. 

Let us, however, endeavour to trace the poetical element in the 
old world efforts of architectural art. To begin with the half- 
temple, half-palace, erections of the £g3nptians — the great temple 
of Karnac, for example; this, and most or the other productions of 
Egyptian art, do not, I think, bear evidence that the artist was 
actuated so much by higher impulses, as by the desire to produce 
something grandiose and magnificent: as if each dynasty wished 
to leave the page of its history indelibly written, and set up on the 
face of the land for succeeding ages to wonder at, rather than 
moved by any deep religious feeling, or any of those higher aims 
which would have ensured more perfect results. Wonderful, ma- 
jestic, and surprising as are their works, I do not consider that 
they exhibit so much mental vigour as perhaps every other style, 
nor much elegance of mind; in fine, I think that if the Egyptians 
had taken a higher aim, and been actuated by higher purposes, 
they would then have produced, with their wonderful technical 
abifity and resources, works of a higher stamp, and in all respects 
much superior: but they seem to have been wanting in imagination, 
and, from some circumstances of position or habit, to have been 
deficient to some extent in poetical genius — learned and scientific 
though they certainly were. 

But leaving this era of art, and turning to theGreek — what an ex- 
traordinary difference do we fl nd ! The characteristics and purposes 
of the former style are quite gone (I do not mean mere evidences 
of relationship and descent, but of feeling and thought); and I 
think that it must be allowed that here the poetical element exists 
most strongly. In Grecian buildings we see the language of mind, 
earnest, determined, elevated, and poetical — a purity of thought 
and loftiness of idea which is the more surprising when we consider 
the grossness of their religious myths and other circumstances of 
their position. Let us suppose the Parthenon as it was first erected, 
freflh and unmutilated — from its vastness, imposing and arresting 
the attention of the beholder; with its just proportions, pleasing 
and delighting his eye; find Mith its general purity or design, 
refining and elevating the emotions of his soul: exciting no one 
thought displeasing and gross, but leaving him better and happier — 
he can scarcely tell you why— for havinj^ seen it. Yet the reason is 
no more than this, and as we have before observed, that genius 
and thought can make themselves felt and evident, and can speak 
to the minds of others, no matter through what medium — impart- 
ing a feeling which language can hardly express, but which the 
soul can well understand; even as the poet will carry away his. 
hearers or readers by the creations of his fancy conveyed in words. 

Coming next to Roman art; I think we find the poetical element 
much less clearly expressed. The reason I take to be, that the 
Romans had naturally no such- soul-felt love for their art as 
the Greeks had; their time and attention were too much otherwise 
occupied; they wanted, to a great extent, that elegance of mind 
which the Greeks )»ossessed; and their fondness for military pomp 
and grandeur, and for outward show, made itself apparent and over- 
ruling in their architecture: for to do much and largely seem^ 
rather to have been their aim than to do well thoughtfully and 
carefully. They seem to me much more the works of a great nation 
than of a refined one; and therefore, as we have argued must be 
the case, to possess much less poetic feeling and poetic influence, 
in spite of the grand proportions of a Colosseum, or the enrichments 
of a temple to Jupiter Tonans. 

The creations of the modern Italian school, great and wonderful 
as they many of them are. still suffer from the e^ors of their 
parentage; and are, generally speaking, certainly wanting in those 
higher attributes to which we at first alluded, notwithstanding all 
the bright names which adorn the list of masters^ and the many 
works which they have left behind them worthy of our respect and 
admiration. Yet, perhaps I ou^ht to except in some degree the 
minor productions of some of the masters of this school — the love- 
liness exhibited in the beautiful gardens^ where fount and bridge, 
temple and loggia, under tlio c]ear blue sky and amidst Italian 
foliage, speak visions of love and romance, and produce an 
imaginative world in harmonv with itself. 

In the Romanesque we find a certain rudeness of invention, yet 
fervour of thought and boldness of fancy, full of great merits. 
This style wQuld appear the production, of a society struggling 

SO 
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under innny disadvantage fet ruggedlv bent on eecapinfir from 
deterifiratitig' iiiBuenc^ and on writing its name and oestLny in 
rhnracters of ita own: not to he imitated or copied in detail — cer- 
taiiily not to be de^pi»ed, but to be respected for ita truthfulneiiii 
and earnestnesis, nnu honoured for jtH spirit. 1 need only mention 
the churches of Pavia, Verona, Lucca, Pi^, &c,, to recal to your 
recollection the masterly and vigorous charaeterigtics of this style; 
they all bear the impress of a certain freeness of idea, which h 
certainly poetry, thou^rh not of the first order. 

To pass over the^ie periods of art however, thus lightly touched 
upon, lei un look at the Mediasvat styles — I mean all of thos.* 
u«iually calleii Ciothic: hut a& time and space confine us to a short 
limit, 1 wish to regard merely that of our own country. 

In the Saxon examples, the art must have been at so low an ebb^ 
that it would be fruitless to expect any of the higher expresfiions*, 
1 n the Norman, we find an evident and increasing improvement, 
with, I thinkf much of the same feeling as the early Romanesque — 
instance Norwich Cathedral — which becomes greater and greater in 
the transition, till we arrive at the well-developed Early English; 
a cliange gradual, yet rapid, and every way marvellous. And here, 
I think, we may trace the evidences of a spirit and genius which, 
coiiBidering the state of society, the iron-bound darkness of the 
age, and the heavy curtain of ignorance that hung over the land, 
comes most surprisingly near in spirit and perfection to the 
Greek — an assertion which, to some, may appear huld and untenable; 
yet, let us consider carefully the beautiful proportions of wjme of 
the specimens of that style which still remain to ua, the purity 
of invention, the graceful combinations, the pure style of ornament 
in the foliations, the play of light and shade in the deep undercut 
mouldings: the whole truthful, fine in conception, and most suit- 
able to its purposes. And in calling all this to mind^ let us suppose 
a cathedral as entire and complete; not with the admixture of other 
ftyletjor periods, as we now see it, but of a piece from turret to 
crypt; — ^and will any one deny that such a butlding gives evidenceis 
of the highest poetic spirit, and must strike a beholder even as we 
have contejided such a building should and must do? There are 
some, perhaps, who will say, "Very line, truly, your gargoyles, 
grotesque, and sometimes indecent groups and figures, ike" l*o 
&uch I should reply, that these are hut the greater proofs of my 
position: what are they more than the evidences of that state of 
society which renders the contrast of general perfection in the art 
80 much the more to be wondered at; what more than the weeds 
here and there pressing through, hut unable so to choke the soil as 
to interfere, except so slightly, with the plant which has grown up 
on its surface to beauty and grandeur, notwithstanding and in 
suite of all. Consider all this, and I thlnic it may fairly be allowed 
tliat this phase of English art is not so far* behind the lofty 
standard of the Greek. Let me be understood ncd to say that this 
period of English art Is to be put aide by side, and in the same 
parallel, with the Greek— but that it is much of the same spirit and 
order; and, in other words, that if the outward social influences 
had been the same, there is much to show that English architects 
could have achieved even what the Greek architects did; — and if ao, 
then why not again now? 

i cannot allow that it is by association that we admire this 
style so much as some people would have us think. It may certainly 
hnve some influence; but if it were wanting, I do not think we 
should admire the less. Association and nab it may lead us to 
overlook and hear with what is faulty, but can never create beauties 
unless they actually exist. Nor do 1 see wholly the force of the 
notion that the Greek has the more intellectual expression, the 
other the more spiritual; least of all would I exalt the one at the 
expense of the other, and impart a false colouring by such empty 
jargon, thus applied, as Pfigan and Christian. Every superior effort 
of genius is sjMritual and intellectual — ^both, if directed rightly; 
ami without doubt the class of mind and spirit was the same in 
both cases, although in the one sadly clogged and trammelled by 
outward Influences, And I do think that this era of English 
art was Infused strongly with what we have called its pofitrif; and 
It is a matter of great regret that it should have rested so short a 
time at this point. WiUi surprise we see the rapid transition to 
the geometric period, which, had it been continued under those 
mental influences that governed the development of the Early 
English, would, I think, most likely have surpassed it — since the 
prevailing ideal was as pure, while the scope for design was more 
extended. Yet, alas! strange as it may seem, the cunning and 
wise spirit of the first inventors seema gradually to have left their 
successors, and to have become extinct; till in the Perpendicular it 
became less strong, and in the later periods of that style still less 
and less, till at last it became utterly debased and lost. This was 



sad: but it was a worse blow for high art when the revii'al styles 
were introduced; this shut off the connection with the past entirely, 

and what had been done previously became quite lost and forgtittea; 
and although no man of genius can touch anything without making 
his mind and talent felt and acknowledged^ yet not to caU it 
impas^bie^ he can hardly succeed in infusing the highest spirit uiio 
his works if he is forced to walk on the line chalked out for him, 
instead of choosing the path he would desire to travel. A Thorpe 
could do good things in a bad cause, yet in the revival styles jj 
generally, 1 confess 1 cannot discover (except with a few exeefK 
tions) that poetic spirit of which we have been speaking. Although 
a Wren erected a at. Paul's, which is one of the wonders of the 
world, we cannot but feel, 1 think, the falling off, and what it mielit 
have been otherwise the case; but while we do si^ let us humMy 
do homage to the great genius which, under such circumstances;, 
could do so well and magnificently, and deplore the arbitrary laws 
of fashion and public opinion that placed him in such a position: 
who was truly a poet and artist of the first order, and has left 
works which are indeed strongly Imbued with that spirit and feeling 
which forms our subject. I have said that we have had architects 
among us whose treatment and governing tone of thought have 
been of the same order, and of as high an aspiration, as those of the 
Greek period; while certainly our architects of the revival scbool 
have shown themselves at least equal to any of those of the Palla- 
dlan era; and nothing shall make me believe that in this day we 
have not men among us et|ual for brilliancy of thought and purity 
of taste to any that ever lived. The tone of society is higher, 
loftier influences are at work, than existed in the time of the ancient 
Greeks; and if things as great and beautiful do not come to paaa, 
let the nation look for the cause in itself — in its arbitrary demands 
and own chcRising — in its refusal to encourage those whose life is 
devoted to the study of the art— in its cruel fashion which has 
made a fitlse state of things almost necessary — and as much in the 
mercenary spirit which governs all its actions: when the truth is, 
that hlgh'art can never be bought at too high a price^ or its kindly 
influences valued too dearly. 

It is probable that the present fashion of reverting to the 
medlffival styles for one branch of the art Is not without its good 
effects; if we may only be led by it to search patiently for aiid find 
the bKt thread which will guide us to ex^jelleiice aud improvement — 
that is, to seize the spirit and work It out — not be content with the 
form; and if we will only determine to scorn the quack prescrip- 
tions and abominable inculcations of a Cambridge Camden Society. 
We may expect to retrograde, indeed, if we are never to get beyond 
the school-boy work of merely copying what is put before us; 
nay, more, to ensure that nothing may be wrong, I believe, in 
some cases, one church has been transplanted by the exact copying 
of stone for stone, and moulding for mouldini;^^ to some distant 
situation, most likely very unsuitable for the design. What ssd 
folly is this^what exquisite contempt does it heap on the architedi 
of this generation. 

A better and more inquiring spirit is, however, abroad; let us 
aU hope that the system and faults we condemn will gradually be 
broken through and overcome. Above all, let us not despair; for 
as I remarked at the outset, the higher the aim, the more sails fac- 
tory must be the result of our efforts. Even though we fall far short 
of what we could wish, one thing is evident— that no mfto can be 
great when he studies only to be little. 



MILITARY ARCHITECTURE OF GREAT BRITAIN. 

On the Miiiiaru Architecture o/ Great Britain, By the Rev. C. H. 
llARTSHoaNt^. — (Paper read at the Royal Institute of British 

Architects, May 6th, 1830.) 

Mr. Hahtshobne commenced by observing; — When I acceded to 

the re(]uest that I should offer you a few remarks upon the Mili- 
tary Architecture of the Edwardian Age, I did not sufficiently 
consider that my own researches had been of a desultory nature, 
and that they would necessarily want that practical illustration 
which the subject can only receive from those who make the science 
of architecture their constant study. Nor did I recollect that the 
branch of it to which I had turned the greater part of my atten- 
tion, was one that had lain in comparative neglect by the profes- 
sion, under an idea that it offers little deserving of' imitation in 
modern buildings, and therefore that I should have to conciliate 
in some degree the comparative disfavour with which it has been 
generally regarded* Yet I have been encouraged, under the hope 
that having endeavoured to throw some fresh light upon a 
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ion of Architectural history, the facts I have brought together 
t add fiomething to our Itmited koowledee of Prr^logy# 
ng" carefully measured the«e different buildings, whose plaoi 
htiBg on the walls (for without having applied the two-fotit 
Lle^ and iive-feet rod a, 1 feel convinced that oo remarks would he 
ilitled to the least consideration,) having exanimed them in 
" "ojry with the respective systems of ftrrlilication peculiar to the 
ftnd in detailed connection with each other, and Buhsequently 
those evidences stored up among the national records 
^^vc to disclose the circumstances and the cost of their 
I thought, as we have all a common object tn view, I 
[iit venture to lay before you the conclusion** to which they have 
lo rise. But I undertake this agreeable office, not influenced 
the supposition of instructing ho many from whom I ought to 
i-n, but rather with the view of simply stating the results which 
k combined method of illustration has ori^natedl in my own 
id. The announcement has, perhaps, be«n made public in too 
tooded and general terms, for a discussion of the Military Ar- 
lecture of Great Britain M-ould occupy more time than the 
Ititute might feel justified, even under more competent guid- 
^ in bestowing upon it; and I will therefore, for present con- 
lience, confine tlie attention to those leading features which the 
ject presents under the Norman and Edwardian periods, 
eifig^ over the numerous earthworks thrown up hy the Britons 
l&nit the Roman invaders, fortificatiom* which, especially on the 
rth Welsh borders, excite our astonishment for their magnitude 
1 strength; and, disregarding; those carefully built walls, which 
► conquerors subsequently erected to preserve their newly- 
[uired possessions, I will come at once to a time when there is 
ect evidence to show the precise date, the method« adopted, and 
i charge of building, fiome of the mo^t important English and 
ilsh Castles. Of the Cunqneror's casitlei!, we know little more 
hn what we read in * DomesdHv,' which is simply that of the forty- 
le enumerated in his survey, he built eight himself, and the 
I were erected by his barons. Our only true source of informa- 
in concerning them are the official documents of the time ; and, 
nr the great survey, we have a break in the series of records till 
■ come to the Sheriffs' accounts. 

Mr. Hartshorne then proceeded to explain the nature and im- 
>rtance of the official documents fitill existing, and known as the 
ipe Rolls, the Clause Rolls, the Liberati, the Patent, and the 
[mister or Cliamberlain's Accounts, all of which are kept in 
|iial years. The fullowing may serve to illustrate the value of 
I information to be obtained from examination of these docu' 
iit«. From the Pipe Rolls we learn the dates, as well as the 
^ of construction, of different portions of the castles described in 
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Mr. Hartshorne then explained^ referring at the same time to 
the plana and drawings on the walk, the parts and appendages of 
a castle, their uses, and relative positions, vii.t — The Keep— the 
Fosse — the Barbican-^ the Portcullis — Stockade— -Enceinte, or 
Cingulum— the Balv— Donjon— Loop*— Oillets-^Cross Oillets— 
Battlementi — Crenelles— Embrasures — Merlons — Alures — Vaw- 
mer— Postern Gate; or Sally Port— Drawbridge; or Pons tornatilis 
— Gemewa — Bastions — ^Towers — Turrets — Machicolations — False 
Machicolations* He next alluded, in further explanation of the 
subject, to the instructive and magnificent pile of Caerpbillf, with 
its leaning tower, 9 feet out of perpendicular, and to Bridgnorth 
Castle, whose ruined tower inclines some 25 feet, and bears evident 
marks of reparations at its base having been made at different 
periods. 

The names and duties of the officers attached to a castle were 
then described— viz., the ConBtable; the Ingeniator; the Attiliator; 
the Garritor, or Sentry; the Porter; and the Watchman, for whose 
ihelter ehutters were contrived in the embrasures of his watch 
turret. As Enpneers, mention was made of Alnod, at the Tower, 
temp. W Hen, IL, 1174; Yoo, at Windsor; Bayard, Nottingham, 
7 John; Ganfridus, at the Tower, 37 Hen. L; Albert and Urric, 
Hen III.; Richard, Edw. I. 

A succinct description of Norman castles followed, in which it 
was stated, that they were generally built after the same model, 
and that they have usually a keep, or square building, on a mound 
or elevated portion of ground. A remarkable feature of the keep 
is, that the ejHmnee it on the first flom'. The walls are strengthened 
at the sides by shallow buttresses, which die into the face of the 
work before they reach the summit. The earliest have no port- 
cullia. They were deferuted by outer ttaiU^ of the circle of which 
they sometimes form a part, as Pevensey. 

The kerpB are fif vanowf thapes^ the quadrangular foim being the 
most common; as at Roi^hester, Porcbe^ter, Canterbur>% Rising, 
Heddinghani, Norwich, Newc*istle. Sometimes they are of poly- 
gonal shape, as at Kilpeck, Caerdiff, Coningshoro' Chillham, and 
Orford. At others, they are circular, as at Skenfrith, Pickering, 
and Launceston, to which clas^ may be assigned Alnwick. The 
solid tyiie of the Norman keep passed, by an easy gradation, into 
the geometrical form, as seen in Clifford's Tower at York, and 
later again at Barnswell, 1264, Hen, 111, The transition from 
this to the concentricity of the Edwardian, was natural and easv. 
Of the Norman and Edwardian forms, all later ones are only 
modi lie atiouH. 

To illustrate the gradunl progress which touk place in building 
these castles, attenti*»n was called to the Castle of Alnwick, in 
North omberland, which was commenced by Yoo de Vesci, temp. 
Hen. L WjllJHm de Yesci, 26 Edw. 1., having no legal i^sue, 
enfeijffed it to that great prelate, Antlumy Bek, Bishop of Durham, 
in social confidence that he should hold them for William de 
Vesci, his illegitimate son, till he came of age. But being irritated 
by some slanderiius words he liad spoken, he afterwards sold the 
Ciislle, 19th Nov, 1309 {3 Edw. IL) to Henry de Percy. He made 
large bequests to Fountains' Abbey, where he was buried before 
the hi^h altar, dying in the 8 Edw, 11. His son Henry, who sue* 
ceeded him, built the octagonal towers of entrance into the inner 
b«ly, about the year 1350, as is shown by the armorial bearings of 
the Nevilles, Fitz waiters, and Umfruanville, inscribed on shields 
under the battlements. Thi^ castle was viijiited by King John, 
Edw. 1., Edw. IL, iind William, king of Scotland, was taken 
prisoner under the walls in 1174. 

The remaiJiing portion of the paper had reference to the Ed- 
wardian Castles of Wales, and consisted chiefly of a detailed 
account of the progress of th« works at Conway and Caernarvon, 
being the result of a very long and diligent research, among the 
records before alluded to, in connection with a careful examination, 
measurement, and delineation of those buildings, Mr, Hartshorne 
demonstrated that the works were commenced at Caernarvon, 10th 
November 12 Edw. 1. (IS84), six weeks after the execution of 
Prince David, at Shrewsbury; and at Conway, ^Sth October, It 
Edw. I. (1283), thus showing that the latter castle preceded the 
former by a few months in the date of its erection; and that the 
walls round the town of Caernarvon were built in the 14th year 
(1886), when some portion of the castle was covered in with lead, 
and the works were in progress in the fosse. That in the same 
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year the cattle at Harl^^'h wait be^in, and that at Criccaeth 
repaired. That the works at Caernarvon were in progre^ IP 

Kd*, L (1291) That little had been thme besides the town walls 
i«nd the fosse round the future cHstle, M-hen Edw, I. visited the 
town, for the first time, Ut April, 1384. That his son, the Prinr.e 
of Wales, was born there un the 25th of the same month, but by 
no nogsihility in the Eagle Tt*wer, at* nsually asserted. That after 
little progress in the )9th and 91fit year^, what had been erected 
was rendered useless by Madoc's insurrection, in the *23rd year 
(12£>5), and the works were begiui anew from the north-east an^le, 
and thence along the southern side. That the reeords and the 
change in the masonry showed the north side to be of di^erent 
sgea — ^the earliest some time between 23 and 29 Edw. I. That the 
Eaglfl Tower was the work of Edw. IL, as bhown by recordti 
exproMlv relating to its erection, and by the form and character of 
it» moiildinjys*. That it was roofed in the month of November, 
131G; floored in Fehruary, 1317; and the eagle was placed on the 
battlement the first week of March. That the upper portion of the 
north side of the castle, entrance-gate, ^:e^ were finisJied l:i 
Kdw. 11 (1320), and the royal cffig>' fixed there the last week of 
.\pril, in the same year. 

Thisi detailed statement of the progress of the works entirely 
controverted the general opinion, that Cuernarvon Custle was con- 
structed in the short space of twelve months, and proved that the 
present buildings were the labour of 38 years, and being carried on 
from 1284 to 1322, even extended into two reigns. The early jiro- 
grean of Conway was traced in a similar manner, and an account 
was also given of the actual state of the thirteen roval ea<?tles in 
North and South U'aleH, 17 Edw. III. (131-3), which had been 
granted by him to Jiis son, the Black Prince, when a large sum was 
estimated to be recjuired for repair*, nearly h«ilf of which was 
essential for the castles of Noi th Wales* ■ 

Many of the extracts from the calendars, expense rolls, and other 
documents, quoted in the course of the naper, were hiirhly inte- 
resting, from the precise way in which tney exhibited the indus- 
iriai economy of the time, the rate of wagets the price of material, 
3tnd the method of carrying on large works; ami the paper itji^elf 
was illustrated by several plans and drawings of a large size, 

Mr. Hartshorne haviug concluded his paper, Mr. Cocki;rem^ 
the C'hairnuin, said — '''All present will, 1 am sure, join gladly in re- 
turning thanks to the Rev, Mr. Hartshorne, for the very luminous 
diicourise he has given us on the Castles of Great Dritain, mid 
more especially on those of the time of the two first Edwards. 
To a great country, rich tri historical associatiouR, such a suhject 
nnist, at all time?*, he deeply interesting, and it is one well worthy 
the consideration of the nntit|uary and the historian, as illustrating 
K portion of our national architecture. It is, moreover, especially 
interesting to us^ as revealing the relative state of the art i>f 
Imildiug, and of our own profession in those early times, as well as 
the Mite of wage®, and the condition of the working community. U'e 
are greatly indebted to our reverend friend for investigating the 
very minute and authentic resources which he has opened to us; 
Hfid in expressing our obligations to him, permit me to say, that I 
do not know which to admire most, the elpj?ance, or the perspj- 
euitv with which he has presented to us this curious lore, which 
leui* ill ^i remarkable a degree to iUustrute the state and position 
of our art in the middle ages." 

Mr. Donaldson: **The Institute is much indebted to our^reverend 
friend, ft^r making its members acquainted with these remarkable 
document*, relating to the con^^truction of this interesding group of 
castles. That no body of men could, I believe, appreciate better 
than this body, the importance of the information he has placed 
before us, will, I think be acknowledt^ied when 1 state, that about 
ten years ago, the Institute offered its medal for the best restora- 
tion of an ancient castle, and that we porf?^ess a very skilful set of 
jdans representing the castle of Shcritf Hutton, designed by Mr. 
!<lmrp, juu., then of V'ork, and Hccom])anied by a learned disserta- 
tion upon the relation the different parts of the castle bear to each 
other. The reverend gentleman, admirable as was his paper, has 
stopped short on the threshold, lie hiis given tis tiie dittes and 
liost, and its progressive devehipment; but it would he still more 
iijterestiitg,if possihle, were he to f;ive us an Account of the connec- 
tion of the different parts of the castle, with the reference they 
bear to each other, and the reasons for tlio differences which exist 
between them — why one tower should pniject more than another — 
why some should he polyeoual, some nmnd, and some of conijdex 
configurations — why, iu ishort, there should be such differejices 
under jiimilar eircumst»nc^s as tho<e apparent in the examples now 
di-phtyed on our wall It would be interesting to know how far 



the builders of these castles were acquainted with tliat veU koofrn 
nile of fortification, by which the inner gate was so placed tbat^ af 
the attacking warriors approached, the tides of their eoluma were 
inevitably exposed to the assault of the defender*. It wotild also 
be interesting to understand the rtasons for the different modes of 
defence adopted in various castles — the fllfference in their internal 
arrangements— whether any rule giuded the mode of placing the 
apartments of the family of the lord of the castle, bid domestic 
servants, his milit^-iry retainers, and the stores, commissanat or 
warlike. It would, moreover, be desirable to know, what was the 
proper position of the keep; whether it ought to be part of the 
defence of the enceinte, or in the centre of the court, and whether, 
at different periods, and in different parts of the country it assamed 
diverse positions. Again, it would be interesting to know if there 
was any particular loadity for the great hall, or chapel, in the 
castle; wbicl^ was generally placed in the inner parts, and which 
nearer the enceinte; whether the enceinte itself was always a large 
continuous wall like that of Alnwick; and, what in abort, was the 
purpose of every portion intended to serve in theae great military 
defences. Many of us now present, who have visited Greece, 
cannot, I think,' help drawing a comparison between the castles now 
exhibited to us and the xVcropolis of Athena, and the other ancient 
cities of that country; and in so doing, we find several points which 
appear to me to be analogous, as the high walls forming the 
enceinte, and the central building inclosed within it — ^in the one 
instance, the great temple — in the other, the Norman keep. It U 
interesting to find these features of the ancient Grecian Acropolis 
repeated in our own mediaeval fortresses. It will be observed that 
many, if not most of the castles here illustrated have an outer and 
inner ballium or court, here termed baly. It has occurred to 
me, that possibly the Old Bailey of London ma? derive its name 
from having been a ballium or court attached to New Gate, which 
anciently stood at the end of Newgate-street. I leave it to City 
antitjuwries to enf|uire into this presumed coincidence. I hope the 
reverend gentleman, who is deeply versed in this subject, will 
consent another time to instruct us further by taking a larger 
sphere, and making ns better acquainted with the military spirit of 
those early times. I should like to have some comparision of the 
cost of erecting these Edwardian castles and those of modern timer, 
such fls Penrhyn castle, or the alterations at Windsor castle. In- 
deed it might not be uninstructive to compare the outlay on our 
modern Houses of Parliament with that on the buildings so ably 
brought before us to night." Mr. Donaldson concluded by maviog 
a vote of thanks to iVlr. Ilartahorne. 

Mr, TiTE, in seconding the vote of thanks^ eaid — "I also must 
express a hope that our reverend friend wiJl hereafter carry his 
historical inquir)*' a little further, and explain what has often stmck 
me as v^ry Kiogular^ — viz., the poverty of the Scottish castles, aa 
compared with the grandeur and magnificence of those of WaJeit. 
Ail the Scottish castles together, could, ! believe, be put within the 
enceinte of Caernarvon Castle; while Bute Ca^ie might be 
ensconced in the Eagle Tower. 1 do not know whether the 
reverend geutleman has confined his researches in the Pipe Rolh 
exclusively to these castles, or whether, indeed^ those andent 
records contain any account of the building of the Scottish castlee. 
I would also ask a question with regard to the keeps. There la no 
keep proper at either Caernarvon or Conway; at least no such keep 
as the tower at Norwich Castle, and in otner Norman castlea, to 
which the defender of the building could retreat as a stronghold 
when the enceinte was taken. How is that omission to be 
accounted for? There was^ no doubt, a similarity in the character 
of the erections for defence in Greece, as for instance at Mycena* 
and at Athens, uud that of the buildings now before us. There was 
the bold escarpment, or wall built upon the summit of a natun^l 
eiicarpment, as in these Norman castles; and in all, great skill wa> 
shown iu the way iu which the natural irregularity of the ground 
wa;^ turned to advantage. It would he interesting to know the 
mode of construction employed in the erection of some of these 
great towers, as well as tne thickness of the walls compared with 
the area they inclose; whether the walls are of solid stone, or 
merely ashlar filled in with concrete, and bonded; and in short, 
their general mode of construction, as in all such enormous super- 
structures great q^ire is requisite to prevent settlements and other 
evil conHCquences. 1 must say, it struck me that 8d. a-day to the 
clerk of the works was it large amount of pay, as compared with 
that of the workmen, and particularly, when we consider that 30 
or to years were expended in the erection of these buildinga, 
iuatead of 80 or 40 months, as in the present times. I think we are 
much judebted to our reverend friend for the great industry and 
taleut he has displayed in his able paper/ 
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Mr. Focjoo eaid thnt one account stated the master of the works 
reoeive4 13#. per week^ which at the present value of money would 
be 10 f uineaa a week. The whole co«t of Cnernarvou Caiitle was 
slAted to have been 350,000/., but that did not include various 
•xpenaeKi auch aa carrying the stone from the c|uarry, which were 
isnpoaed upon the inhabitants of the neighbourhuoiL 

Mr. FowLRii havinir suggeRted that the vf^te uf tlmnbs !<hould 
ifirlode the name of Mr, Salvin, to whom they were iiidebltfd for 
the drawinjoi hy which the paper was illusstrntefl. 

The CaAiitnAN replied that he hud a resoliititwi in his liand to 
that effect, and expressed a hope that Afr, Srdvin wtmld j^ive lliem 
m few remarks upon his illustrations some other evening. 

The vote of thanks was then passed by acclamation. 



^ CEMENTS AND STUCCO. 

On th€ Propriety of the Application nf Cements or Mer AHifmulty- 
f^trmed MnteriaU to the Exterufrs of Hitildhtgft, By James fitoMAB 
Knowli:s. — (Paper read at the Koyul Institute uf British Arclii- 
tecta^May 27,1850.) 

Iff «uhmitting the paper which 1 have now to read, I nm in- 
floenced bv the appeal of tlie Council to the Members of our 
Institute for active ctj-operntion ; bv a desire to assist in re- 
moving' some of those objections which have been often marie to a 
very valuable class of mHtenab; and by the hope of eiii itin^ a 
di«eussion which may be to some who are assembled here to^uiifht 
Uoth interestini? and instructive* Btit, beff^re I enter upon this 
difficult and much-vexed question, 1 wisli to state disUnctly, thnt 
^lierever I may express an opiniou of my own, nnsupparted by 
^iietual oh!»ervatton, I shall do so with jcreut ditHdence^ and with 
the feeling that such npjnion may be proverf, berenfter, to he 
erronetms; because 1 feel that, before the nature of cements or 
•tuccees can he clearly understood^ a larger nmount of stritistic«'il 
detnilst and a much more correct knowledge of tlie chemical 
ebanges which are prcKJuced by apparently minute dilTereuccs in 
ilM materials themselves or in the conditions under which they 
lire applied, than is pos«;essed at present, iire absolutely necessary. 
As my object^ on this occasion, is rather to statn the result of 
my own observation and experience, than to repeat what mwy be 
gleaned from the works of those who have written upiui the 
subject., I would also ask you to excuse what may a]>perir like 
ef^tism in the allusicns which I shall have to make to bnildinc^i of 
my own, and to believe that I adopt this course simply becaui^e it 
ia impoasible for me to speak, with the same decree of certainty, 
of works with which I am less intimately acquainted. 

Although the practice of covering the exteriors of buildings 
with aome description of plastic materials appears to have pre- 
vailed from a very early period, it will, 1 think, he readily ad« 
mitted, that in our own age and country this practice has been 
carried beyond all former precedent*?. It would be quite imposHi- 
ble, on an occasion like the present, to enumerate all the causes 
which have product, or have assisted in prod ncinp', this result; 
but, perbaj>a, as among the most prominent of these, I may men- 
ttun the rold and humid atmosphere of our northern climate; the 
impossibility (in many localities) of obtaining, except at a cost 
too great to be incurred, such materials as will effect u ally resist 
the destroying influences of rain and frost; and a growing inclina* 
lion on the part of our employers to add something of the beau* 
tiful in form to that convenience of nrrangement and fitness for 
the intended purpose, without which the most elaborate ]»rorluc* 
tiuni of our art are really failures, or can at be«t be deemed but 
tplendid errors. 

It is true, that, when the prnctlce of employing stuccoes and 
cements for covering the exteriors of buildings was first adopted, 
the aeience of geology had not revealed that valuable page in the 
grefti book of nature which has recently attracted so large a 
measure of study and attention, and that the nature and i^unlity 
of the materials which compose the crust of our planet are, 
through the aid of that modern science, better understood by us 
tlian they C4»utd be by those who were engaged in the art of build- 
Ukf^ before tiiis source of knowledge had been revealed. Yet this. 
additional knowledge upon a subject so deeply interesting to the 
Arehitect, has tended to confirm the impret-'sion which previously 
Bpr '"*""' by allowing him, that in many portions of the united 
llciiiffdom no bnilding stone can be obtained capable of efTectually 
txdadiiig moisture, or of resisting for any lengthened period 
tba viGtmitudes of our climate; and by convincing him, that, in 
order to secure in auch cases, dry, healthful, warm, and comfort- 



able habitations (especially when buildings are rapidly erected, 
and occupied immediately after their completion), two things are 
absolutely tiecessar)', and a third is exceedingly desirable: — 

1st. That the outer face of all the external walls should have a 
covering, or skin, of some materifd impervious to water. — ^Sndly. 
'i'hat the moisture from the eiirtli should be prevented from rising 
into the brick, or stonework, hy the introduction of some water- 
proof material into all tlie external and internal walls and parti- 
tions immediately above the ground level.— »3rdly. (VV'here bricks 
are employed, and a jj roper amount of careful supervision can he 
exercised) — that the external walls should be hollow, with an air 
space of 4, or \\ inches between the external and internal work, 
excepting at the jamhti of the openings, and the points of junction 
with the internal walls. 

That the necessity for these, or similar precautions, in the erec- 
tion of dwelling houses in exposed svtuntions, is perfectly well 
known to the elder members of the profession, and that they 
adopt them in their practice, I entertain no doubt; but as their 
advantages may not be equally clear to those who have yet to 
enter upon the practical department of our art, and lest they 
should imagine Xhiii I am speaking theoretically, and not from 
artiiHl experience, 1 will mention — That the house, of which one 
of the clevationti is now exhibited, was erected about six years 
ago, in an exposed situation, and on a stiff clay soil; that the 
carcass was carried up in an unosuaOy wet autumn^ anil the walls 
exptrsed to heavy and continuous rains; that no wall battening 
was used in any portion of the building, which was roofed-in at 
the enrl of December, and completed and inhabited by the end of 
the fullowing October, at which period it was quite fit for occupa- 
tion; that there has never been since that time the slightest 
appeurance of damp in any portion of it, from the basement to the 
rot»f, nor is the smallest settlement perceivable; and this result is, 
I believe, mainly, if not entirely, attributable to the adoption of 
those precautions which I have mentioned as being, in my opinion, 
essential in nearly all cases, and to one other, which is only 
important on chty soils — that is, the covering of the whole area 
occupied by the building with a bed of concrete, which should not 
be leas than six, and need not be more than twelve, inches in 
thickness. 

To those who have been accustomed to build only in London, or 
in other towns and cities, it would, I believe, be quite impossible 
to convey an adequate idea of the difficulties which must fre- 
fjiiently be encountered by those to whom the erection of istdated 
houses in very exposed situiitions is intrusted; when (as very fre- 
quently happens) no such stone or bricks can be obtained as will 
effectually resist the rain, and prevent it, when accompaJiied by 
heavy gales of wind, from passing through the walls. 

I could, if time permitted, mention many remarkable instances 
of the mechanical force with which the rain is sometimes driven 
horizontally agitinst the walls of buildings in elevated positions; 
hut I will select one only, which made a preat impression on my 
mind. During a visit to a large building in coui-se of erection on 
Black Down (the highest ground, 1 believe, in North Devon), I 
observed a portion of a nine-inch partition wall saturated with 
water. As the building had been roofed-in some weeks before, I 
was a good deal surprised at this appearance; but 1 had an opjior- 
t unity a few days afterwards of witnessing what explained to m^ 
the cause of it; for, being on the spot during a heavy gjile of 
wind and rain, I stood for some time watching the result, and saw 
the rain passing through a window opening across eighteen feet of 
space, and striking with great force against the opposite internal 
wail, and in the course of about an hour making its appearance on 
the other side. 

Very sliortly after witnessing this occurrence, I was called upon 
to examine a church, which hnd been erected in a similarly ex- 
posed position, throngh the walls of which (even those of the 
tower), the rain found admission to the interior in very large 
quantities. Three or four years having been suffered to eliip«e, 
during which this evil was found to he continually increasing, the 
walls were covered with stucco, of the kind which I sliall have 
hereafter to describe, which proved in that, as it has done in all 
other cases with which 1 am acquainted, perfectly effective. 

Contenting myself with the remark, that in no single instance 
have I known the external application of a well-made and care- 
fully-used stucco, to fail in accomplishing the desired obiect, 1 
will' proceed to combat those which appear to me to be the 
strongest of the objections which are advanced against thifi mode 
of urotecting and adorning the exteriors of our buildings, vie.^ 

That cements and stuccoes are not durable, and require freqnent 
and expensive reparations. 
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That tber are very costly; not so muth at first, bb by reason of 
the colouring or painting in oil which, it in thought (erroneously 
1 believe), that tney afterwards require. 

That they are false and deceptive, inasmuch a« they, being 
artificially-furmed materials, do, in gome meanure, assume the 
appearance of natural productions. 

That their intraductioti haa led to all that is false in design, and 
defective in construction. 

And that, when employed in decoration, the enrichments are 
deficient in that sharpness of outline, and delicacy of finish, by 
which the productions of the chisel are distinguished. 

Now, I must readily admit, that a very large proportion of the 
cement and stucco work, which we see in London and its neigh> 
bourhood, is so faulty in design and defective in execution that it 
i^ difficult to find language strong emuigh for its condemnation. 1 
know that many of the structures which we see bedizened with 
what are intended for, and by some, perhaps, are dignified with the 
name of, decorations, are indeed but wnited sepulchres. That 
many of the bricks used in them might, by a strong man's hand, 
be crushed to powder. That the mortar is composed of earth, 
dug from the foundations, mixed with a very small quantity of 
white chalk lime. That the timbers are defective, both in quality 
and scantling; and that, in short, the whole affair, from the 
foundation to the roof, comprises all that is miserable in construc- 
tion and false in taste. 

But I cannot think that these defects are referable to the use 
of stuccoes and cements, or that by the external application uf 
these materials, structural defects can be successfully concealed* 
On the contrary, 1 believe that the cracks and openings produced 
by the settlement of piers or arches; by the shrinkage of timber, 
improperly introdudfed; by the fracture of stone lintels^ or other 
such like causei^, are to the full as conspicuous in a stuccoed 
building as in one which is faced with brick or stone, and quite as 
difficult to repair effectively. Indeed, I feel so strongly the ne> 
cessity of eattreme care being taken in the construction of buildings 
which are intended to be covered with cement, that I not only turn 
inverts under all the openings, but frequently omit also the reveal 
arches and the timber lintels; carrying, instead of them, relieving 
arches through the whole thickness of the wall. 1 have never yet 
seen any cracks or settlements in the wnlls of buildings thus con- 
structed, when carefully stuccoed; and 1 see no reason why this 
mode of building should not be almost universally adopted, when 
cement or stucco are intended to be used, as it is more effective 
and durable, and is not at all more costly. 

It has been frequently asserted that no chemical or mechanicEd 
combinations of matter will result in a Kuecessful iniitatiou of 
what has been effected in Nature's laboratory; and that no artificial 
materials can be made equal in durability to natural productions. 
Yet it would, I think, be difficult to find in England, any descrip- 
tion of building stotie more capable of withstanding for a lengthened 
period the vicissitudes of our climate, than thoroughly well made, 
and well burnt bricks, and terracntta. 

It is true, that the firinjj- to which bricks and terracotta are sub- 
jected may be fairly considered as constituting a great difference 
in their power of resisting atmospheric influence, as compared 
with any of the cements which are now usually employed; nut it 
is quite certain that cements and mortars have been made, which, 
for hardness and durability, were almost, if not Cjuite, equal to the 
hardest bricks. And 1 cannot doubt the possibility of again doing 
in our own time what was certainly accomplished at a period 
when, however much grandeur of conceptiun and just appreciation 
of beautiful forms might have exceeded those with which mens' 
minds appear to be endowed at present, the physical sciences were 
but little knotrn, and contributed only in a very slight degi-ee to 
the comforts and the social enjoyments of the human race. A 
proof that I am not overstating the power of resistance to atmo- 
spheric influences which mortars and cements, when properly pre- 
pared, do undoubtedly possess, is afforded by a piece of Ho man 
mortar from l^f^roxeter now exhibited, which has evidently been 
used as an external cement or stucco, and which must have been 
exposed to the action of rain and frost for fourteen or fifteen hun- 
dred years. 

It IS said that faOures frequently occur in works which have 
been executed in cement, and that the decorations produced in 
artificial materials are always deficient in that sharpness of outline 
and delicacy of feeling which constitute the great charm of archi- 
tectural enrichments. But I would ask, whether it is not possible 
to lessen, if not wholly to remove, these very grave objections, by 
great attention on the part of the architect in ifesigning, and ewpe- 
cially in inspecting the modelling of his enrichments whiJst in the 



day? By a determination, on his part, to became thoroughly 
acquainted with the nature &nd properties of all such cements m 
he intends to employ for the covering or decoration of his build- 
ings, whether internally or externally; so that he may be enabled 
to form a correct opinion when he sees the work in pro^resA, whe- 
ther the materials have been properly prepared by the manufac- 
turer, and then sent to the building in a state fit for use by the 
contractor, and are being judiciously mixed and applied by the 
Wiprkmen and labourers. By employing in the execution of bb 
works such men only as are thoroughly masters of their bu^sinees, 
making them responsible for the reparations and reinstatements of 
any portions of the works which may fail within five or seven yean 
after their completion; and by securing the services of clerks of 
the works, or foremen, who are well acquainted with the nature of 
the cement to be employed, and who will keep a vigilant eye ovtr 
the proceedings of the workmen. 

But some of my friends wilK doubtless, tell me, that if, in order 
to prevent faflures in the effect or in the durability of cement 
work, all this care and circumspection are required, failures and 
imperfections are quite certain to occur. This may be true; bat 
if true as regards cement, it is also true of other works required 
in the erection and completion of a building. And how, let me 
ask, can the imperfections so often found to exist in the plumber's 
work, and in the drainage of our buildings; in the carpentry of the 
roofs, floors, and pBrtitions; in the foundations, and the brickwork, 
be prevented.^ How can the disintegration and crumbling away 
of the most prominent members of atone cornices, striogti lul- 
conies, and chimney tops, within a few years after their oovnpl*- 
tion, be avoided, excepting by the same degree of knowledge, care« 
and skill on the part of the architect, the contractor, the clerk of 
the works, the foreman, and the workmen, which 1 have insisted 
on as essential to the successful employment of cements? 

There are, however, among thot^ who have most strenuously 
opposed the use of these materials, a considerable number who 
ground their objections not on the want of durability, the chances 
of failure^ or the extra cost; but on their want of reality, their 
resemblance to ^ome natural productions, and the smallness ot 
their cost, as compared witli the stone casings which they some* 
times resemble. Now, however desirable and proper, and eom-^ 
mendahle it may be, and doubt lei^s is, to introduce into the sinic> 
tures which are reared in honour and for the worship of the 
Great Creator, the most valuable and the choicest of earth's pro- 
ductions; yet it must, I think, be admitted, that the qualities of 
the material in which the thought of a great artist is embodied (so 
that it possess but durability and beauty), are in all other cases of 
very secondary importance. I fear, however, that the dispositioa 
to place so high a value on costly stones, and woods, and metalt» 
which appears lately to have prevailed amongst those who profess 
to be the patrons of the arts, is calculated to produce on the minds 
of the people generally, ftilse impressiions; because it leads them 
to admire that which is difficult of attainment except to the pos- 
sessors of great wealth, instead of that which is truly grand and 
beautiful, and original in design. 

That species of admirHtioti which is excited by the costliness of 
the materials employed in works of art, has always appeared lo 
me to partake coiHiderahly of the vulgar and the barbarous. For, 
as much as the heavens are higher than the earth, so much, do I 
believe, the emanations of the mind to be above and beyond the 
mere vehicle in which they are embodied. Whatever is really 
beautiful in form, or truly harnioniuus in colour, should be en« 
shrined, as amongst the most precious of man's productions; and 
1 cannot doubt that the time will come (although, perhaps, not In 
our day], when the immaterial thought of the artist shall be mora 
highly valued than any stones or woods, or metals, however rare 
or costly, in which it may be clothed. Much better is it, in my 
opinion, to have the emanations of deep thought, the creations of 
those minds whicli have been embued with a due appreciation of 
the beautiful in form, embudied in materialn nrhich might endure 
for only half-a-century, than the eternal stereotypes we now see 
rising throughout this great and wealthy country, perpetuated in 
stone which would endure for countless ages. 

It is not, 1 believe, because there exists among our countrymen 
any lack of mind to conceive, or of constructive skill to carry out 
the most gigantic undertakings, that so comparatively small a 
number of buildings remarkable for beauty, for originality, or for 
graudeur of design, have lately been protfuced. But, partly, be- 
cause mens' mindit have been directed more towards otner oojecta 
than the arts; partly, because the carelessness of the public, audi 
the unncoountnble apathy of the profession, have allowed a smaO 
and non-professional party to assume the direction of our art, and 



V%MKJ 



THE CIVIL ENUIN^EER AKO ARCHITECTS JOORKAt 



^2t 



lA introduce m movement of retrocession to the tlijleB and fashions 
of a former sge; which must, I fear, if not soon checked, prevent 
for eome long period all progress and improvement. And is it 
firmni^ mud unmccoun table, that architects and architecture are 
^voiired with so small a share of public consideration in the present 
daj, when it is remembered that, whilst in almost everythinp^ 
«Miaeeted with our social ccindition there has been roamfested 
tlie ftrongesft determination to encourage progress and improve- 
ment — those who profess to be the patrons and supporters of this 
really great and noble art, have exhibited an equally strong deter- 
mination to go backwards; to prevent, so fiir as in them lies, the 
introduction into the ecclesiastical edifices of the nineteenth cen- 
tury, a single form or feature which has not been copied from some 
medisval bniJiling; and even to di86gure the windows of our 
chiin^hes with such representations of the human form as were 
prodoced by the old glass painters, because they were unable to 
give more correct delineations ? 

Pfe^fessor Cockerel], in (I believe) his fifth Lecture of last Ses- 
iknL, at the Royal Academy, speaking of the fashions which have 
prevailed in architecture, is reported to have said : — *'*' The proofs 
of this fact (fashion in architecture^ abound. Churches were 
Grecian^ and ror the last twenty years have been Gothic; intensely 
Roman Catholic, The tense has been wanting to understand that 
we do not want a Greek temple for the reception of a chryselephan- 
tine statue, nor a Roman church for processions, and a sight only 
of |]ie EuehArist ; but a Protestant auditorium, suited to the An* 
giiffBB ritual^ to which great purpose, all form of dress, of what- 
erer order isnd fashion, must bend and adapt itself." In the 
eptnions thus expressed by the learned professor, I believe that 
many thousands of his countrymen do most cordially agree. 

Without the slightest intention of making any disparaging re- 
marks on the labours of those architects who have, with so much 
care and skill, sought out and given correct and beautiful illus* 
trations of the structures and architectural details uf the middle 
esi, 1 would respectfully suggest that the time has now arrived, 
ten the efforts so strenuous]? made in obtaining inteltigence on 
these subjects may well be slackened, and the talents of those 
gifted individuals be directed to investigations which may result 
^fn the production of novelty, beauty, fitness in design, and of 
[greater economy, combined with duraoility and beauty in the con- 
^ uction of our buildings; in adapting to the wants oi the existing 
Deration those great discoveriei* in physical science which may, 
ought to increase so largely the diffumon of comfort and 
fenjoyment amongst all classes of the community; and in 
king our age and country as remarkable for the dissemination 
^ a love of true art amongst the masses of the people, as it is for 
iMn amount of commercial energy and enterprise which stand 
inrivaUed in the annals of the world. 

The homes of England have now, for many years, been conridered 
_■ worthy of our best attention, and no small portion of that indus- 
Itrious perseverance for which our countrymen are justly celebrated 
may be attributed to the desire of possessing a commodious and 
kealthful dwelling which so extensively prevails amungdl them, 
was a time when men cared little whether or not these 
were situated in the country, so that they contained the 
nuisite accommodation for their families. But thh indifference 
> position, which some time before the introduction of railway 
ravelling had been gradually lessening, has, since the develop- 
aent of that wondrous system, almost wholly disappeared ; and 
jien of all classes and conditions, influenced mainly by the facili- 
-jies for travelling which are now placed within their reach, appear 
Ideteimined to find, or to build, in some rural di^ttrict, suchhabi- 
ations for themselves and their families as shall combine, with 
jvefv provision for comfort and convenience, as much of symmetry 
1 Mftuty as the talent of their architect and the meauH at their 
will allow. Whilst, however, men of various ranks and 
are eagerly bent upon obtaining the unquestionable ad- 
I of a country residence, and are disponed, in many cases, 
' for the attainment of this object, such an exi>enditure 
(however large) as may be really necessary, they are almost inva- 
abiy unwilTing to make any considerable addition to their out* 
y, either for uie purpose of building or casing their houses with 
,wdne^ instead of artificially formed materials, or for the introduc- 
tion of features which, altnough generally found in ancient build- 
a, are now, from changes of liabits and modes of living, no 
onger useful* That this feeling, whether wright or wrong, does 
extensively prevail, not only among the professional and 
portions of the community, but that it is also found in 
laes to exist among those who are possessed of high rank and 
DO, must be well known to many members of this Institute, 
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Now, if we admit thai a dry, ooromodiout, and well-arranged 
house does very materially assist in promoting the health and hap- 
piness of those who occupy it; that the present cheap and easy 
mode of travelling is leading to a very large increase of private 
dwellings in the country; that those by whom these dwellings are 
erected, although for the most part anxious to combine convenience 
with beauty, will not consent to any considerable increase of ex- 
penditure in the employment of natural instead of artificial mate- 
rials, when the latter are well adapted for the required purpose, 
and possess both durability and beauty; and that in many localities 
no stone or bricks can he obtaine<i, which of themselves are 
eapable of excluding rain, or of resisting the destroying influence*! 
of frost; it must, I think, be also granted, that few subjects can 
be more deserving of our best attention, than those artificial cover- 
ings or skins which are, in many cases, really indispensable, and 
might in many others be most advantageously employed. 

To those objections which are made against these artificial 
coverings on account of the expenses said to be incurred in repa- 
rations, and in frecjuent repetitions of colouring or painting, 1 
attach but very little weight, because my own experience has 
convinced me, that if the right materials are employed, no painting 
or colouring will be required, and that the total cost of reparation 
^when the materials are of good quality and the work well executed j 
Qoes not amount to any thing like one per cent, on the original 
I cost, within five years from its first completion ; and after that 
period has elapsed, I believe that its durability for fifty, seventy, 
or even a hundred years, may very safely be predicted. That the 
extent of durability and adaptability which artificially formed 
materials possesa, or which by further improvements and discove- 
ries may hereafter be obtained, is the really important question, it 
seems to me imnosetble to doubt ; for it surely never can be seri- 
ously asserted, tnat if by an expenditure of one thousand pounds, 
or the amount of labour which that sum represents, we can obtain 
in an artificial material more warmth and greater freedom from 
damp internally, with as much beauty and durability externally, 
as can be produced for four thousand pounds in stone, we are to 
adopt the latter, and reject the former ? Shall we not then act 
like faithful stewards if, in many eases, when called upon to pre- 
pare designs for the dwellings of our countrymen — buLloings which 
are to be numbered among the homes of Kngland — we devote the 
money which might be expended in an external case of stone, to 
the increase of internal accommodation; to the enlargement and 
proper decoration of the apartments in which our clients and 
their families are to spend by far the larger portion of their time; 
to rendering the builtfing proof against the ravages of fire; to prti* 
viding copious supplies of water, and numerous accommodations 
and conveniences, whicli although required by the habits of the 
age, and essentia to the comfort and well-being of the tenants, 
are yet not always found even in the most costly of our houses? 

As to the peculiar properties, the excellencies, or the defects of 
the various cements and artificially formed materialsj to which the 
attention of the profession is so frequently solicited, it is not my 
intention, on this occasion, to say much. There is, however, one 
material which can perhaps scarcely be called a cement, according 
to the general acceptation of the term, to which my attention ban 
been a good deid directed, and which has been very extensively 
used under my directions. It is one with which most of you are 
familiar, and 1 shoald not venture to offer the few remarks upon it 
with which I am about to trouble you, if I did not believe that 1 
have had more than ordinary opportunities of testing its capabili- 
ties in various ways, and in remarkably exposed situations. As it 
is one, moreover, with which manufacturers of cements have little 
or nothing to do (the process required in its preparation being 
extremely simple and inexpensive), whatever I may say in favour 
of its durability and beauty will not tend much to the advance- 
ment of any particular interest. 

This material, uNually known as stucco, is in reality notliing 
more than mortar, formed either of blue lias lime, ground or staked, 
and mixed with pounded slag from the amtlting furnaces; or of 
the grey stone lime sn extensively used in London, ground and 
mixed with clean, sharp, carefully- washed, silicious sand, in the 
proportion of one part of lime to three parts of sand, excepting for 
the outer surface or facing, where nearly equal ports of lime and 
sand are generally used. The lime and sand (whether siliciouB or 
metallic^ should be mixed well together (or gauged, as the work- 
men call it} in small quantities, and applied immediately to the 
work, whicn, in order to ensure success, sliould^ in all cases, be 
first well saturated with water. With this mortar, formed in either 
of the two ways which I have mentioned, and used by experieiiced 
and skilful workmen, not only may a durable casing impervious to 
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water be obtained, but mouldings and enrichments of all kinds can 
be also executed, with a sharpness and delicacy of finish which it 
is impossible to surpass. 

In the building here represented, which was erected about seven- 
teen years ago, and which occupies a very elevated and exposed 
site on the larders of Hampshire, not fArdiattint from the sea — 
the capitals and bases, and the flutings of the shafts of the columns 
^which were executed in a most masterly manner, and with a 
oegrec of accuracy and truth, as to entasis and details, which left 
nothing to be desired) remain as yet uninjured. And the arrises 
of the fillets between the flutes, even of those columns which are 
exposed to the south-west, without protection of any kind from the 
violence of the winds and rain (witn which, from that quarter, we 
are so often visited) were, when I saw them about ten months 
since, as sharp and perfect as any which can be formed by the 
chisel of the mason. 

I could mention a ffreat number of build inf^s, some of them much 
larger and more highly decorated, on which the same material 
has been successfully used. But I have selected this, because it 
was the first of any magnitude on which I ventured to employ it; 
and it is the oldest work of my own to which 1 can refer. It is 
true, that a period of seventeen years (although much longer than 
some of the ouilding stones which have been used in this country 
would endure under the same influences) offers but a narrow founda- 
tion whereon to build an hypothesis as to the permanent durability 
of any kind of material. But we all know that mortar, such as 
that which 1 have mentioned, will (if it escapes the trials to which 
it is subjected for the first few years, before the induration pro- 
duced by the absorption of carbonic acid has made much progress) 
continue to increase in hardness, for a period of which the limits 
have never yet been ascertained. I know of one case, where it 
was used as an external casing about seventy years ago, audit has 
now become so hard and compact as to render it almost impossible 
to doubt its continued durability. I remember, too, that about a 
vear-and-a-half af o, in clearing a site for some new buildings, I 
had to remove a balustrade which had been put up about fifty 
years before. The capping of this balustrade, which had been 
executed in Bath stone, was in a most deplorable and dilapidated 
condition, but the ballusters (formed of grey stone lime, and rather 
fine, but very sharp silicious sand) were, in all respects, quite 
sound and perfect, exhibiting not tne smallest approach to decay 
or disintegration; indeed, nothing but the fact of their being 
hollow, which was disclosed on their removal, would have con- 
vinced the workmen that they had not been carved out of some 
hard and compact stone. 

In the very interesting paper on the Brick Churches of Germany, 
which was read here some time since, it was stated, that the 
mortar used in their construction, after the lapse of more than 500 
years was so hard as to be capable of receiving a polish like marble. 
This, although a remarkable, is by no means a singular instance of 
that durability which judiciously formed compounds of lime and 
sand do undoubtedly possess; and it is on account of the abundant 
evidence which exists of their power of resisting atmospheric in- 
fluences, that I have hitherto given them the preference over uU 
other kinds of artificially-formed materials which have been used 
for covering the exteriors of buildings. 

It was my intention to enter, at some length, into the respective 
merits of the blue lias and the grey stone limes; but findimr it 
impossible to introduce this and other subjects connected with 
them in the compass of a sin^j^le paper, I have been obliged t<» 
reserve the consideration of them for some future opportunity, 
when I may, perhaps, trespass again upon your attention. 

Remarks, — In the discussion which followed, Mr. Francis ex- 
pressed his regret that the paper just read contained matter not 
<iuite germane to its subject, which he considered to be one of 
great practical importance, as the employment of stucco must 
occasionally very properly take place, tie then proceeded, at 
some length, to vindicate architects of the present day from the 
charge of servilely copying the buildings of the middle i^^es, which 
had been advanced by Mr. Knowles, and observed that tlie charge 
of want of novelty and of copyism applies to tliose who atfcrt the 
classic styles, rather than to those who try to follow the spirit of 
mediaeval architecture. Recurring to the subject of cement — he 
held it to be perfectly legitimate to apply it to cover a plain 
surface; but he considered it a material quite inadequate for the 
purpose of minute and ehiborate design in ornamental work. wit««»ii 
vhen executed in it, must want the freedom of tO" 
artistic feeling behmging to the chisel. Increased >■ 
ti.c subject of building stones may enable us, eventu* 
tike lea»t enduring of them impervious to water, b' 



fluid, or other means by which their natarml defeete may be over- 
come; but he felt assured, that we shall never emulate the build- 
ings of the middle ages, nor discover a new style, by introdudngia 
minute decoration the material so highly approved of in the pijper. 
Mr. Knowles explained that reference haa been made to de^f^ai 
on the walls, solely for the parpose of illustrating the endannc 

?|uality of stucco in an unusually exposed situation — that he himself 
elt the evils of which he had complained, and did not profess to 
be free of them — but he thought, that if the talent which had been 
recently brought to bear upon medisdval architecture, had been 
directed into a more useful channel, greater proffress might bjr 
this time have been made towards a style creditable to the age in 
which it was introduced. 

Mr. G. G. Scott thought the evils complained of aroee, not from ' 
a mint of knowledge, but from its too extensive character; and 
and that we are acquainted with so many stvlea, that we do not 
know which to select. Classic architecture, mer having had some 
three hundred years to develope itself, had, in many instances, 
degenerated into the state complained of. Without, in any way, 
retrograding to the manners And customs of five centuries tufo, the 
remedy would be the introduction of a style capable of great 
development, which, if properly carried out, would, he believed, 
be found more adapted to the wants of the present day than any 
modification of the classical style. Without ODiectingto the use in 
plaster in proper situations, he certainly held Uie use of Roman 
cement to be destructive of the true character of art, by assisting 
in the imitation of other materials, and thus producing false ap- 
jiearances. The charge of copyism he repudiated altogether: what 
they did attempt by the study of ancient examples was to catch 
their spirit, and they were encouraged to proceed, by observing 
the progress made year bv year, which showed that the reviv^ 
had given greater proofs or vitality than architecture of an ezclu- 
sively classical character had given during three oenturies. 

Mr. Knowlrs considered that a building cased with stone pre- 
sented an appearance equally false as one covored with cement 
No medisBval erections were, in his opinion, superior to the upper 
portion of the steeple of Bow Churcn, nor is tnere a structure in 
the world so exquisite as the outline of St. Paul's. 

Mr. Donaldson, Hon. Sec. F.C., said, that, iBSthetically speak- 
ing, stone must be considered preferable to stucco, on account of 
its greater beauty and variety of tint, while Uie jointing given to 
cement, in order to make it imitate stonsL produces eWaenthr a 
false appearance. He then pointed out the superiority in elect 
and appearance, which a figure executed in marble possesses over 
a cast in plaster, and demonstrated that this superiority is due to 
the inherent beauty of the material, and not to the mere circum- 
stance of the marble being the more costly in point of expense. 

An observation by Mr. Scott, that there is more copyism in the 
details of Sir Christopher Wren's works than in most Uothic build- 
ings he was acquainted with, called forth the expression of a directly 
contrary opinion from Mr. Billings, who ^so t<iok the opportunity 
to dissent from a statement made at the last meeting, taat all the 
Scotch castles might be placed within the walls of one Welsh castle. 
In support of his counter-statement, Mr. Billings cave ^'^Tfan ftw of 
the extent of ground occupied by the castles of £dinbiii|^ and 
Stirling. 

The President having pointed out the adrantages arising fiom 
meetings such as the present, in eliciting discussion on useful 
topics, a vote of thanks was then passed to Mr. KnowloSi and the 
meeting adjourned. 



ST ANION CHURCH, NORTHAMPTONSHIRE. 

There is a range of churches along the northern herder of 
Northamptonshire, whose detached position renders then lesi 
known than their merits deserve. Though somewhat plaivin their 
general aspect, there is a dignity of proportion, and nfntoTlneae of 
<»utline very satisfactory. Of these may be enumerated Cottinghsu, 
Brampton, Desborougfi, Loddington, Corby, and Stanion. The 
latter, which may be taken as a sample, is remarkable lor its 
slender and unusually lofty spire. Many portions of the ckvrch 
exhibit portions of early work, and others wnidi, upon examination, 
prove to be of much later date, are nevertheless in dmmttar 
correspondent with these. 

The chancel has some very good windows, with incipient tracery 

in the heads. The aisles and clerestory are mostly Perpendicolar, 

nd do not call for particular notice. The long double belf^ lifj^ts 

the tower, with their transoms, and the small buttresMi 

Atached only to the western corners), will be observed as peenlisr. 
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FONT, WESTMINSTER ABBEY. 

A MONO the various improvements made in the Ablwy by tha 
Dean and the Architect, Mr. G. O. &cott, that of openitig up a view 
of the we«t window of the south aisle and the font hy the removal 
of the modern monument standing under the aide arch of the 
south-west tower, although not the greatest, is by no means the 
least effective, — the long perspective view <lown this most exposed 
ftiiitle bein^ now seen in its full extent. A fine acreen, of Perpen- 
dicular date, was found behind, and totally (ibseured by the monu- 
ment now removed. In the space under this tower the fant was 
placed, and seems to have been^ from its out-of-the-way pusition, 
(|uite overlooked, — this being, as far as we are aware, the only 
representation of it ever published. The base to the neck mould 
is modern, and may have been a poor copy of what the original 
was. The shields have been painted, smaU particles of which yet 
remain; and the quatrefoils probably also. In the same place is a 
seat, of ahout the date of 16t«), bearing a remarkable resemblance 
in the ornaments of the panelling on tlie back of the pulpits to be 
seen at W'ensington and Aveley, Essex. On the bottom of the 
plinth stones to screen remains the working drawing of the section 
f»f the muUions above it: how they managed to work from it is 
rather difficult to say. If those men who think that Gothic 
architects only copied each other in any one style, were to compare 
this scree^n with those of Abbot Islvp's Chapel, that behind the 
altar, Henry V. Chantry, and Henry \ 11. Chapel together, and see 
the spirit of each designer self-evident in his own work, they would 
learn a lesson which might do a little towards preventing their 
setting themseh'es up as critici* on things which they are supremely 
ignorant of: rendered so from the want of energy enough to 
make themselves ac4|uainted with the subject on which they would 
treat; and so, like tall chimneys, con do nothing more than make a 
great smoke. 
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METEOROLOGY, 

On the ImtmmenH emphifed m Metmrohgical Obf^rvations. 
By JoH^v Utti;w, Esq., F.R,A.S. 

Thk noble mansion of HartirelL fiituateii in the fertile vale of 
Ayle4biiry^ and at the foot of the Chiltern Hiil» — the stewardihip 
of which is accepted b^ those who are aaxloiii to resign one of 
icreater re«pou»ibility — is not devoid of interest from its historical 
atisoGiations, Here in seclufiion resided the last of the Bourbons 
who b<ire the title of " King of France." The visitor to Versaiilet* 
will call to mind the "Janlin a la Ilartwell,'* which bear>i tentimony 
to the lureeable recollections of this temporary retreat that followed 
the recluse when the sequence of events had placed a crown on bis 
head. In the spacious and elegant Library, Louiis XVI [L attached 
hm si^niatnre to the document which restored him to the throne of 
his ancestors* With objects far other than political a few lovert 
of science had assembled in this rouni, at the invitntion of the 
present proprietor. Dr. Lee, on the ith of April, 18£>0, for the 
imrpose of taking into consideration the present state of meteoro* 
logy, And of adopting such measures as might conduce to its 
a^vnQcement. The result of their deliberattuns was the formation 
of a society, to be called the *' British MeteorologiCHl Society,'* of 
which Br Lee was appointed Treasurer, and James Glaisher, E^^q., 
F.R.S., F.R^A.S. (of the Royal Obser vator>', Green wich^tSJecretary, 
The second meeting of the Council was held on the 7lh of May. 
Within a month the Society ha*j numbered ninety-five memberii, 
has elected a^ President, S, C. VVhitbread, Esq*, F/R.A.S.^as Alce- 
Presidenta Lord Robert Groavenor, M-P,, Hastings Russell, Esq*, 
M.F., Genend Sir Thoraiis Brisbane, K.C.B., F.R.S., and Luke 
Howard, Ei^q., F.R,S. 

Trusting thtit this movement wUl give an impulfse to the study 
i»f atmospneric phenomena, and anxious, as one of the original 
members uf the Council, to promote its objects^ I avail myself uf 
your offer to discuss in a popular manner the construction of those 
instruments employed in meteorological observations, the value of 
the observatiung thcnHelve^, und other points which may be likely 
to interest aud draw attention to a science which is yet in its 
infancy — a science which calls upon all who imbibe the vital air^ 
the lumm spmUfik <w/«, to co-oper:ite in ascertaining the effects 
it produce? on our sanitary condition: its powers as the medium 
i»f conveying the deadly pestilence or the healtb-inspiring anti- 
dote. 

To promote this desirable object, it is my intention to describe 
the principjorf of construction of such instruments, and those only, 
ajs may assist a labourer in this ample field in contributing his share 
to the accumulation of phenomena from which we may fairjv hope 
will be eventually deduced the laws regulating the atmosphore — 
the source of lile and support to every member of the human 
frimily. 

l^mmTk* Barometer. 

Fill a gla?*^ tube 3? inches in length with mercury, invert it in a 
vessel of the same liquid, and you have a barometer: the column 
of mercury in the tube will descend until its weight exactly balances 
the pressure of the atmosphere on the surface which is open to its 
influence. A scale, meosuring the height of the top of the column 
above the surface of the liquid in the vessel, will show from time to 
time the variations in the pressure of the air vertical to the place 
of observation* 

Simple as this may appear, we find, when we wi^h to arrive at 
results sufficiently accurate to be of any value for scientific nur- 
]Kii!ies, various sources of error, whicli must be detected and tneir 
value ascertained. The vacuum at the upper part of the tube, if 
the instrument is well constructed, is the moet oerfect that can be 
produced ; to prevent the rise of particles ot air which may be 
diffused throughout the mercury, or msjr have been attached to 
the side* of the tube, the mercury should be boiled in the tube, 
and the perfection of the vacuum may be tested by inclining the 
tube and driving the mercury to the closed end, on striking which 
it will give a flharp and sudden tap if no »ir or mointure exist above 
the mercurial c<dumn. 

if a piece of glass tube, not more^ we will suppose, than •4-inch 
in diameter, be inserted in water, the water will rise within it 
by capillary attraction to a height greater or less according to the 
<\ie of the tube— the surface of the water within being concave : 
on the contrary, if the same tube be plunged into mercury, it will 
repel the metal all around, and the surface of the mercury within 
the tube will be convex, the top of the curve being depressed below 
the level of the liquid in the vessel. Now, unless the tube of the 



barometer is bo large* that the the capillary attraction mmy bt 
disregarded, it is evident that a correction must be applied to the 
observed height of the mercury in the barometer to reduce it to the 
true. This correction is always -^^ ^^^ i^ usually determined by 
the maker : if it be not, it may readily be obtmiJied from %Bhm 
when the diameter of the tube is known. 

The scales of barometers adapted to scientific use are of brtM 
throughout, extending from the cistern to the top of the tube: ai 
increase of heat will be followed by an expansion both of the mereurf 
and the scale. If the two metals expanded equally for equal tncr^ 
ments of heat, no error would arise; but mercury expands more thm 
any oth^r metal known. Now supposing the atmospneric preastirt la 
remain the same, but that the temperature has risen witniii a givea 
period from W^ to 60"^, the index would show (at a height of about 
30 inches) a rise of 0*034 IncJi, which would be due not to increased 
pressure, but to the excess of the expansion of the mercury over thai 
of the brass scale* It has been agreed to reduce all observations ta 
a standard temperature, vi«., 3« degrees of Fahrenheit — the freei- 
ing point of water — and for this purpose corrections are tabulated, 
and may be obtained by inspection. 

In most barometers a thermometer with its bulb in the cisteni 
shows the temperature of the mercury, and it is presumed that 
this is the same throughout the column. Sir John Herschelt 
objects to this arrangement on the ground that it does not give tht 
mean temperature of the whole mass, including the column; but in 
a room where the temperature is not subject to sudden changes, il 
may fairly be assumed that no error will arise from this aource. 

When the atmospheric pressure diminishes, the mercury sinJn 
in the tube, and consequently causes a rise of the surface of that in 
the cistern. The height measured by the scale, suppoalug it to bt 
fixed, will not then be the true, as its divisions presume the levrf 
of the surface to be constant and not fiuctuating— in fact, thera 
will only be one point at which the measured distance will 
exactly agree with the real distance of the top of the column from 
the surface of the mercury in the cistern. This is termed the 
neutral pointy and is ascertained experimentally by the maker 
during the progress of con^^truction, and engraved on the scale, 
together with the proportion between the area of a section of tha 
tube and a section of the ciiitern. It is evident that the surface of 
the mercury in the cistern will be lower than the zero point of the 
Hcale when the reading is above the neutral point, from the abstrac- 
tion of a portion of its contents to supply the rise in the tube ; i 
that it will be higher when the reading is below the neutral -- 
If the capacities be as one to forty-two, one forty-second p 
the difference between the neutral point and any particular read 
must be added in the former case, and subtracted in the latter, 
obtain a corrected height* 

Mr. Glalsher Is not friendly to barometers to which it is nc 
to apply the capacity correction. The plass tube, having a < 
thickness, dips, of course, into the cistern; as the cistern 
fuller from a decrease in the atmospheric pressure, the mercur 
encloses a greater portion of this hollow cylinder of gloM, 
therefore rises higher (i. e. the surface approaches nearer the I 
of that in tube) than isshoivu by the cajtacity correction, which, 
we have seen, only compares the area ot the hollow part of the ^ 
with that of tha cistern. Again, when the rise of the mercury i 
the tube from Increased pressure, draws the supply from the cisteii 
the surface is reduced in height by a quantity dependent on '' 
volume of the section of the tube which it had enclosed^ bay 
what the correction for capacity would indicate* Nor ta il i«| 
matter to calculate the effect which these annulus-Uica oeellaaa^ 
the glass tube would produce on the readings of the boronalaf I 
different heights. He has, inconsequence, superioteiid«4 ' 
struction of barometers In which the capacity correction ali^^^ 
superseded^ at a very reduced price; and, as it is of importaApa I 
all observers who communicate with him should be [ 
instruments which ahould give uniform results, I shall describtt 
construction more at length. They are made by Barrow, 
Oxenden-street, of whom they may be procured, price 7/. T*,, ad 
are all compared with the same standard by Mr. Olatxhar higisr' 
who supplies the results with the instrument when It ia se^ < 
into the world. 

The cisteni consists of a hollow cjrlinder of glaaa ricwfli ^ 
leathern bottom. A small index points downward towmiia 
surface of the mercury, and the first step in taking an obaarvitN 
m by means of a screw whicli actt> on the leathern extremity of T 
cistern, to adjust the level of the mercury until it exactly tone' 

« Till! diftm«l«r ot tlic tuba of ia« Ofv«iiwi«h itendant it t^SGb Imdii Ihm i 
Cftp«dty U u-ai»i inch. 
1 * AdDilraltr Muu^ cf d«i««lifSc Bnqtttrf .* 
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the de^omiion of moiaiura wmi tbe r««ult— a cauae entirely dUiinet 
from the one alle^ed^ 

I hare a biiiMmg detached from my own residence, which for 
«ome abort time last Christmas wan ]eft without a fire. On my 
entrance one morning, which happened to be warm after b very 
cold night, I found the walla covered with moisture: they had, in 
in fact, retained tbe temperature of tbe night, and the moisture 
was due to their not having aciiuired tufficient heat, in the abort 
spa^e of time elapaed, to exceed the temperature of tbe dew-point ; 
moisture, therefore, could not but settle on them, which disap- 
peared as soon as tbey had attained a degree of heat rifeiiig 
above it. 

III. — E^Her Thermomeierw. 

As it 18 nol my intention to enter upon tbe theory of atmospheric 

phenomena, which might perhaps form the subject of a future 
paper, 1 must proceed to describe another necessary adjunct to a 
meteorological apparatus, namely— tbe Register Tbcrraameter. 

Autirmatic registration of atmospberic phenomena has engaged 
for some time tbe attention of scientific men. At the observatory 
of Brussels^ M. Quetelet pointed out to me an elegant contrivance, 
by which a thermometer was made to record its own variations, ll 
wag Bospended on its centre of gravity, so that at the freezing 
point it should hang perfectly boriEOutal. At any degree of heat 
above 32^ Fahrenheit, or the zero of Reaumur, the expansion of the 
mercury caused a depression of the end of the instrument the 
farther from tbe bulb; whereas, below the freezing point, the 
metal would retreat towards tbe bulb, and that portion of the tube 
would be the heavier. Tbe instrument was connected in an inge- 
nious manner with a system of levers, one of which moved a black- 
lead pencil, which inscribed the variations of heat on a sheet of 
paper connected with clock-work, by which it was advanced eciunl 
spaces (about one inch each per hour), a new sheet being supplied 
every day. These sheets gave the minutest variation in the tem- 
peniture during tbe twenty-four hours. 

For the last two or three years tbe magnetieaK barometrical, 
and thermometrical observations have been registered nt Greenwich 
by tbe application of photography. A lamp directs its light to the 
instrument, which light is intercepted by the mercury, and pre- 
vented from leaving a trace on properly prepared photographic pa per 
[tlaced behind. This paper is wound on a cylinder, which is turned 
rimnd by clock-work, and its indications form an accurate register 
of tbe changes which may have taken place. Mr, Brook received 
from Cfovernment the sum of 500/. for the skill and labour bestowed 
on bringing tbis method of registration to perfection. The mem- 
bers of the British Association for tbe advancement of Science will 
call to mind bis papers on tbe subject, which be has moreover fullv 
diiicussed in tbe 'Philosophical Transactions.' From the Green wieii 
Meterological Observations for 1847, the following account of it4i 
especial application to tbe dry and wet-bulb tnermometer is 
extracted: — 

^^ These thermometers are mounted under a abed 10 feet square, 
itandiDg upon jMMta 9 feet high, and ihe centres of tbe bulbs are 
4 feet above the ground. The bulbs of the thermometers are very 
hrge, being cylinders abotit 8 inches long, and 0'4 inches internal 
bore. The fluid is quicksilver. One of the thermometer bulbs is 
covered (in the usual way) with muslin, which is charged with 
water by capillary passage along lamp-wicks, connected sometimes 
with one and sometimes with three cisterns of water. There is a 
o^arse screw-motion for raising or depressing the thermometer- 
frames, so that each can be placed in such a position with regard 
to the photographic paper that the temperature shown by tbe 
tbemiometer may be recorded upon a convenient part of the paper. 
Tbe thermometer- frames are covered by plates having longitudinal 
apertures, so narrow that any light which may pass through them 
if completely, or almost completely, intercepted by tbe broad flat 
column of quicksilver in the thermometer-stalk. Across these plates 
a fine wire is placed at every degree; and at tbe decades of the 
degrees, and also at 32\ 5^\ and 7%"^ a coarser wire is placed. A 
camphine lamp (which has however been lately diisplaced for gas 
mixed with Ine vapour of coal naphtha) is placed near to each 
thermometer, and its light, condensed by a cylindrical lens whose 
axis is vertical, shines through the thermometer- stalk above the 
surface of the quicksilver, aim forms a well-defined line of light 
upon the cylinder of paper which is close to it, parallel to the 
axis of the cylinder. As the cylinder of paper revolves under this 
light, it leaves a broad sheet of photojfrapbic trace, whose breadth 
(in the direction of the axis) varies with the varying height of the 
quicksilver in the thermometer-tube. But tbe hgbt is intercepted 
iy tbo wire«flft«fd acrosa the tube ftt every degree; and there are, 



therefore^ left upon the paper corresponding Hnet, tn vhUb lhcr« 

is no photogenic action." It is found that the application of photo- 
graphic registration has enabled two observers to record more 
valuable observations than four were able to do before its intro- 
duction. 

Private observers, however, cannot be expected to procure the 
costly apparatus necessary for these elaborate records. The 
maximum and minimum thermometers invented by Dr, John 
Rutherford, and described in the '^Edin. PhU. Trans.,' VoL III.^ 
will eniible them to record the greatest heat during the day, and 
tbe least during the night, with great certainty and very little 
trouble. The maximum thermometer is mercurial, and the tube 
is in a horizontal position; the mercury, as it expands, drivea 
before it an index of steel, which, as the mercury contracta, is left 
at a point which indicates the greatest degree of heat attained. 
This thermometer is usually read at 9 a.m., and the index is 
brought to touch the mercury in preparation for the next day, 
either by inclining the tube, or by means of a magnet if it d* 
not move freely. In some maximum thermometers a small pii 
of enamel is introduced between the index and the mercury, 
prevent adhesion between the two metals, whereby the index would 
he dravrn back and the observation lost. The minimum thenno> 
meter is filled with spirits of wine; a small index of ivory Um in 
the spirit, and is drawn backward as the liquid contracts in cooling, 
for the last film of tbe column of spirit, from the attraction between 
it and the interior of the tube, is suMcient to carry back the index 
towards the bulb: on expansion by heat the apirit, however, &eely 
paasea it, and leaves it to point out the lowest temperature attained. 
These thermometers should be compared with the dry bulb ther- 
mometers, by immersion in water as before describea, and their 
readings, if they differ, registered and applied as corrections. 

It has been usually supposed that a mean of the maximum and 
minimum readings for a month, divided by the number of dayai, 
would give tbe mean temperature for the month; but one of the 
contributions of Mr. Glaisber to meteorological science has shown 
that each month requires a certain quantity to be subtracted to 
arrive at the true mean. 

He has also shown, that if to the mean of daily observations taken 
at any hour, certain quantities be added or subtracted, the m«an 
temperature will be the result; it follows, that if the mean tern* 
periiture thus deduced from one or more observations daily, agree 
with that derived for tbe corrected maxima and minima, such 
agreement is a proof of the excellency and a test of tbe accuracy 
of the whole series. (See the 'Phil. Trans.', Part f., 1B48.) 

In illustration I subjoin the result of my observations for January, 
1849:^ 

Mein of Ihe 9 a*m. obtervsUoai for the month « . 40*7 
Tabular correction . . . . . * • . 4- 1* 

Meia tempeiaturc for tbe month 41*7 
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Mean of the 3 pm. obterva lions , 
Tabular correction 



Mean tfrmperature 
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Mean of ihe 9 p.m 
Tabular correction 



Mean temperature 

Mean of tbe above three resultip 415. 

Mean of tbe maiimum readings for tbe month i 

Mean of ibe luiniiuum readingi . , • 

Aritbmctieal mean of tbete quantities « 
Tabular correction . . . . • 
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Mean temperature from tbe maiima and minima 41 '5 
which exactly agrees with that deduced from the obaervationa at 
9 A.M., 3 P.M, and 9 p.m., after the application of the proper cor- 
rections. 

As this paper is devoted to the description of instruments and 
not to the tlieor)^ of meteorology, 1 must forbear to enter further 
on these points: I have alluded to them sufficiently to show that 
there is a field of inquiry open for the curious and Inquiaitive, 
which will amply repa^ cultivation. 

Some observers are m the habit of recording the highest reading 
of a thermometer exposed to the fuE force of the sun's ravs. In 
this case the instrument is of glass, with the degrees marked on 
the tube itself^ to prevent accumulation of heat, reflection, and 
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nidiati(»n from « seaTe of wood or m^tal* It should he su^fiended 
tt Aiu^h n dtstjince from all buildingfi and froni the grotind, as 
diould effectually guard it from ti)t«rferenceii of thii nature. It 
will be a matter of lurpriae to tho»e who have not had experience 
in obaervations of this nature^ to find how very few degree* a 
thermometer thus situated will rise above one in the Hhade. 

IV.— r^ Hain^Gauge, 

Tliifl imtrnment measuree the quantity of rain that falJfl in any 

gvMft >Dot« The principle of it U the lolkiwing: — If we imagine 
a sunace of the fround over whieh a shower of rain has paraed 
to be perfectly horizontal and impervious to moisture, fo that the 
whole (quantity of water should he retained, it w(»u]d cover the 
) turface to a certain depth, which, measured tn inchea, would he the 
deptk of rain which bad fallen. In calculuting this depth by 
loetttia of the rain-gauge, we expose a small surface to the recep- 
\ li0B of the rain, and measure the dejith of what it receives, A 
I tbi^wer ma^, however, pass by it, and, although much may fall at 
DO great distance, not a drop may reach the exact spot occupied by 
"^ ' Li^ itself. Hence, to obtain the exact amount of rain 

in any given district^ several rain-gauges should be 
in various parts, and the mean of the whole amount 
pyeoeived would be the true quantity due to such locality. 

In this busy world of ours, however, observers (most of whom 

hare important business of their own) are generally satisfied with 

registering the amount of rain received by their own gauges at 

\ ** AJi» every day; and with the imperfect results deduced from these 

! ittpietcn we must be satisfied, until a more extensive love for 

•caance is created and the number of ohservers multiplied. 

Rain-gauges are of various constructions. In some, a glaaa 

iiibf^ divided into inches^ proceeds from the bottom of the vessel 

tin wnieh the rain is received, and the amount having been read off, 

]|lie water is discharged by a stop-cock, in readiness for the next 

day. In others, a float is elevated by the water, and the scale 

rhieh is attached to it shows the depth of rain received. 

Pcfliaps the mo^ simple is the one which I have adopted, and 

I wliicii is never liable to be out of order. A circular copper 

Del, 12 inches diameter, is connected by a pipe with a vessel 

Me of holding a gallon, or more. To the bottom of this 

'Vessel ts attached a stop-cock, by means of which the rain is 

^ drawn off and measured in a graduated glaas cylindrical jar. 

^ Kow, if a represent the diameter of the receiving vessel, and b 

that of the jar, c the depth of rain in the vessel, and ;r the 

required depth of the glass jar to measure such amount, then, 

since area, multiplied by the depth, gives the volume — 

•7844 o^c ^ *TS54 Rr; or, a^c = b'x, 

Hewj iuDpase the diameter of the glass jar to be t inches, and it 
is requirea to find what the depth of the jar will measure ^ineh, 
we have — 

la? X '23 = 9(*x; or, jt = 9. 

Nine inches of the jar, 2 inches in diameter, will therefore mea* 
sure one-quarter of an inch of rain, received by a surface 12 
inches in diameter. One twenty-fifth uart of nine inches will 
consequently measure one-hundredth of an inch; and the thou- 
sandths may be estimated. 

The rain-gauge should be only a few feet from the ground, and 
in every case its height should lie stated, as It is invariably found 
that more rain is received near the surface than at a superior 
elevation. Indeed, it should be agreed upon by observers that 
their gau^ should all he at the same height, and all equally free 
from the interference of buOdlngs or trees. Till &ome rule of this 
kind is adopted, we are not in a position to compare accurately the 
quantity of^ rain which falla in different districts. At Greenwich 
there are several rain-gauges at different heights above the 
ground. 

The following table will show the differences between the quan- 
tity of rain received by them in 1846 and 1847: — 
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v. —The Wind'Uuuge. 

The most simple instrument for ascertaining the force of the 
wind, and the one most likelv to be made use of by the generality 
gf obeervert, is that inventea by Dr. Llnd. It consists of a glasa 



tube, about A-inch in diameter, of a syphon-Hke fonn^ one end 
being again tent at right angles to the general direction of the 
tube, so as to present a horizontal opening to the wind. The tube 
is half-filled with water, and the pressure of the wind on that 
portion directed towards it will drive the water tip the other leg. 
A scale is attached, by which the force of the wind is ascertained ; 
and the whole turns freely on a \^rtical axis, so that the mouth 
may always be towards the quarter from whence the wind blows. 
The following table shows the pressure per square foot for the 
indications ot the scale. 

Not having a convenient nlace to fix this instrument, for it 
should be far above the interference of buildings or trees^ I gene- 
rally estimate the force of the wind from the knowledge gained 
hy its occasional use. Many observers do so without any reference 
to the wind-gauge at all; and from following the directions in 
the table subjoined, they cannot be far out. A calm is universally 
represented by 0; a hurricane, or violent gale, by 6, 

Table. — Showing the Force of the Ulnd on a Square Foot for dlf^r^ 
mi He^hiM of the Column of Water in *''Linif« Wind^Gauge? 
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It now only remains for me to speak of the position of the 
instruments which I have enumerated. 

The barometer may be placed in a sitting-room; for as the 
correction for temperature is always applied, the degree of hent 
will produce no difference in the results. It should be so situated 
as regards light that it may be easily read off. To sup|>ort the 
wet and dry bulb and register thermometers, I use a stand of such 
a height as to allow the bulbs to be about four feet from the ground ; 
the top sides and hack of thia stand are covered with an external 
case of wood -work, separated from the internal, which is of the 
i$ame materials, by a vacant space of two inches, by which means 
a stratum of air, which is a bad conductor of heat, is always inter- 
posed ; and the heat of the sun which shines on the outer case is 
prevented from reaching the inner compartment which contains 
the thermometers; they face the north, and are placed so that they 
cannot be affected by the radiation of heat from neighbouring 
walls or buildings, and the sides of the stand project so as to 
protect them from the sun when his azimuth is north of the eaet 
or west. A series of holes, not however opposite to each other, 
la bored in the inner and outer case, which admit the air, but nut 
the rays of the sun. Mr. Glalsher has shown, and his result may 
be verified by experiment, that the indications both of the wet and 
dry thermometers will be ihe same whether they are exposed to a 
draught of air or protected from it. 

The following works must be procured by those who wish to 
become observers; — Glaisher's *Hygrometrical Tables,* which treu 
of the wet and dry bulb thermometers, and the deductions from 
observations made with them, price 2ff. 6<f. 

The ^Report of the Committee of Physics of the Royal Society ^^ 
here may be found a good table for the temperature correction, U. 

Prices of the instruments enumerated: barometer, T/. 7#.; wet 
and dry bulb thermometer, 2/. 2f; register thermometers, 2/. 2«.; 
rain gauge, 2/, 10*,; wind gauge, \L 4#, Mr. Clark, 13, Muorgal**- 
street, will supply paper ruled in such a manner as to aiord a 
convenient space for the record of all the observations. 

I have thus given a popular view of the construction and use of 
the most available meteorological instruments, and shall be happy 
if my introduction of the subject should lead to a large increase of 
the number of observers. About forty at present send in regular 
r#port4to the Regiistrar- General; hut let us hope that the present 
movement, of which the formation of the Bntish Meteorological 
8<»cietv is the indication, may enlist ten times that number, and 
that the labours of its members may tend to raise the study of 
atmospheric phenomena to a positiou equal to that held by scieneea 
which have originated in our time. The observations require care, 
perseverance, and a desire to promote the interests of icience^ 
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^T'e know not, perikftps^ t be exact end which may be attained hj 
our individual labour; but hereafter it will be a aource of satisfac- 
tion to eoQsider that we have been humble pioneers in a re^pon 
which may be productive of benefits at present uuimagined and 
unfureaeen. 
SouthampiQn^ May 18/^ 1630. 



ABOX8TER OF HC^W^ PATXlfTS. 

RAILWAY CHA1R8. 

JociK ToftXtKOTOK, of Bury, Lancaater^ railway contractor, for 
'^oer^am imprmfemenU in the oonttruction of chairs /c^r mihtHiys" — 
Granted October 12, 1849; Enrolled April 1^ Ig^o. [Reported in 
Newton M London Joum€UJ\ 

The object of this invention U to obviate the aerioos inconve- 
nience* which result from the yielding of the rail* at the joinings 
or points where the different lengths of rail meet or crose^ during 
the paaaage of trains over the same; and it consistB in certain 
improvements in the chalra used for supporting euch rails^ whereby 
the patentee produces what be calls tne ^^uniformlv-supporting 
joint chair," — Fig. 1 is a lon^tudinal elevation of the improved 
chair; fig* ^ ita plan view thereof; fig. 3 is an end view; and fig, 
4 IS m transverse section taken at the centre of the chair. It 





fon^iiit* of an iron rib or beam o, about three feet long, on the 
'Upper Side of which three holders or chairs &, h^ h^^ similar in form 
to the ordinary chairaf are east; andtherib or boam rests at each 
end upon a transverse deeper c^ to which it is secured by spikes or 
trenails d, ff. The top or the rib or beam serves to support the 
euds of the two adjacent rails ^, e^, which meet at the centre of the 
middle holder or chair b^ and are secured there by the insertion oi 
a key or wedge/; find similar keys or wedges are driven into the 
two end holders or chairs b^ h: the bearing of the ends of the rails 
on the ehatr^ which now seldom exceeds two inches, is thus increased 
to about eighteen; and there will consequently be a proporitonate 
increase in the unyieldingness of the rails under pressure and in 
the steadiness of the carriages passing over them. This arrange- 
ment is stated to combine all the advantages of the longitudinal 
ay stem of laying sleepers with thoeereeitlting from the employ ment 
of transverse sleeper!^ or blocks. Instead oJP the holders or chairs 
h^ being cast in one piece with the rib or beam a^ they may be east 
separately, and afterwards secured thereto by inserting their basea 
(which are suitably formed for the purposed into dovetail reocwea 
ill the top of the rib or beam, and then driving in the wedges^. 
In place of only three holders or chairs being cast on or attiicbed 
to the rib or beam a, the number may be Inoreaaed to five. 



BOILER TUBES, 

James Bikkistrb, of Birmingham, manufacturer, for *^m i 
impToriefneni or certain improvements in titbmfor locom&tkMf em4 
boiier§"^^Grjinted October 19, 1849; EnroUed April !«, 18ia. 

The invention relates to manufacturing tubes suitable for loee*^ 
motive and other boilers, by combining three tubes of differtiil 
metals into one tube; and to a mode of manufacturing tubeii of 
eojiper, brass, and other alloys of copper, suitable for the purposes 
of locomotive and other steam-boilers. In the fir^ part or thi 
invention for making each tube, three tubes of different metals are 
employed. First, a brass tube; second, an iron tube; and, third, 
a copper tube, are placed one on the other, the brmaa tube beinc on 
the interior; the Iron tube next; and the copper tube extenor; 
and in preparing such separate tabes they are made of such titei 
thut they will readily enter one within the other. Brmaed tubel 
are preferred, because thin metal tubes for the purpose eaa be 
more readily obtained. Having placed the tubes one on theotherf 
a lightly tnpering mandril is introduced, and the combined tube 
drawn through a series of dies till they are closely combined; and 
as the tubes are employed in a soft or annealed state when put 
together, it has not been found necessarr to anneal them after- 
wards between the successive processes of drawing, seeing that the 
extent of drawing down is but small. By this mode of coustructiog 
tubeu for boilers the advantage is obtained of having the benefteiu 
results conseqoient on using brass where the rush of the ilame and 
products from the fire takes place, together with the adrantage of 
naving the copper neitthe water; and the whole stiiTened by tfai 
use of iron; but when the fire is to act externally, then the order 
of arrangement is to be reversed. 

The second part of the invention consists of new means of ioiniog 
the seams of tubes made of copper or brass and other alloys m 
copper. The metal ia to be bent over into the form of a tube, se 
that the edges come together, and then, by the edge of a triangnUif 
file remove the edges of the metal, so as to form as it w«ra ah 
angular gutter The tube is then filled with sand, and the exterior 
covered with sand, learing a gutter in the sand so as to Increase 
the size of the gutter made by the coming together of the cham- 
fered edges of the metal, and In this condition the tube is healed 
to a bright red heat. Melted metal (similar to that used for the 
tube) is then poured into the gutter, which will partiallr fuse the 
edges of the metal of the tube, and then the whole will set into 
a solid mass; and when the same is cold the project ing-ndge of 
metal at the seam is removed; and this is best done by paesiagil 
in contact with a circular saw. The tubeii thus made are eaiUM te 
pass two or three times thruugh between grooved roUera, having a 
mandril in them, and tbea they are completed by drawing them 
through dies with a mandril, as when drawing other similar tubes 
for like purposea, and which is well understood. 



MANUFACTURE OF STEEL. 

JosiAH MAaan-ALL Hkatk, of Hanwell, Middlesex, gentleman^ 
fi>r ^^ impror^nentf in the manftjbeture of tteelJ^-^Gr^ntod September 
C, 1849; Knrolled March 6, 1850. 

The invention consists in the application of iron, produced &om 
iron ores without being brought to the state of pig or cast-iroa, to 
the manufacture of steel, the iron so produced being manufactured 
by the process described, which renders it more suitable fur coovejo' 
sion into steel than any iron hitherto made by the processes actually 
in use. The excellence of the steel depends upon the comparative 
purity or freedom from mixture with extraneous substances of the 
iron from which it is made. All iron made by smelting the ores of 
that metal in a blast furnace contains impurities, in consequence of 
the alloys formed between the fluid metal and the earthy mUcAline 
or other extraneous substances contained in the orea, the fiieL and 
the matters used to flux the ores. These impurities can never be 
completely removed from the metal by the operations iu use for 
converting the pig into malleable iron. 

Any pure ore or oxide of iron from which the earthy or other 
extraneous matters can be easily separated by the mechanical 
operations of crushing, winnowing, wasliing, or magnetic attrac- 
tion, mav be treated in the manner the turentor proposes, but he 
prefers tbe magnetic ore of iron to all others. The or« is to b« 
reduced to the state of grains, or even of fine powder, in order to 
facilitate the separation from it of the earthy or other extraneous 
substances; the pure ore is then to be reduced to the njet/tlUc state 
by any of the well-known nrocesses for depriving the metal of 
oxygen^ by acting upon it with carbon, or any other reducing agcui 
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M a heat b#low t>iat required to bring the mei&l to the Huid state* 
The metallic product obtained in thb way, when operating upon a 
nan ufactu ring scale, can never be obtained absolutely free from 
the last portions of earthy or other impurity^ and always contains 
eome portion of oxide of iron, which renders it quite unfit for con- 
version into steel of pfood quality, as it comes from the process of 
daoxid&tion vithoat further treatment. 

To make a perfect steel iron, the metallic product is taken as it 
eomes from the process of cementation or deoxidation, and mixed 
with a snuUl portioa of oxide, or chloride of manganese, and a cer- 
lain portion of coal or fir tar^ or any cheap hydrocarbon or carbon- 
pMout matter. The best results are obtained fruro the mixture of 
ffom one to three pounds of oxide or chloride of manganese, and 
fcom ^ae to two gH Lions of coal or other tar to each one hundred 
of deoxidated ore. The mixture of mnular iron tar and 
resulting from this process, is heated in a suitable 
and when ibe iron is at a welding heat it is removed 
from the furnace, and subjected to the action of some suitable 
instrument of compression, in order to be formed into a solid bloom 
ny any of the Ui^ual processes now in uae. The bloom ia then to 
h9 reheated and shingled, hasumered, or rolled into bars in the 
usual manner. The bar-iron so produced is to he converted into 
steel by the well-kaowu prucesseii now in use, and its quality will 
|»e found superior to tbat mad9 from the best iron hitherto 
procura-ble* 



VITRIFIED BRICKS. 

WrUifAif Gn«BaaT Eluott, of Bllsworth, Northampton, gen- 
tlcunan, for ^^^improvnnienis in tl»s manu/acturt qf f^'icks^ tUm^ and 
pipe^^ and other aHkie^ fr^m piojftw materials. (A communica- 
tion,)— Granted April 27; Enrolled May 27, 1850. 

This invention relates to manufacturing bricks, tiles, pipes, and 
^oliher articles, from clay, melted or fused, and run into moulds of 
tho ilutpe of the articles required to be produced. The clny, as it 
is dug from the pit, if dry, is conveyed to an air or blast furnace, 
wherein it is brought to a state of fusion, and then run into the 
moulds^ which should be as close to the furnace as possible; for 
the melted clay should be introduced into the moulds at a high 
deirree of heat; as it will not bear to be conveyed in ladles or run 
through troughs into the moulds. The moulds may be made of 
iron or other suitable material. The moulds may be carried lo 
and from the furnace by an endless wire web or band, which 
moves beneath the furnace, aud thus brings the moulds close 
to the opening from which the fused clay is discharged. 



GLAZING CAST-IRON. 

William Wvatt, of Waterloo Cottage, Oldfwinford, Worcester, 
pump^maker, for *'*■ improvefnenU in ooatina the surfaces of pumpM^ 
pipes^ cisierna^ and other articles of iron' — Granted October 18, 
I94d; Enrolled April 18, 1850, 

The improvement relates to coating cast-iron pumps, cast-iron 
pipes, cast-iron cisterni , and other articles of cast-iron, with a glass 
or glaze composed of lead, borax, and silex, combined in the propor- 
tion of three parts, by weight, of white lead {or one of red lead 
and two of white lead), two parts of borax, and one part of cal- 
cined flint, well mixed together and fused in a crucible, then run 
into water, and ground with water in a glaze-milt When the 
mixture is thoroughly reduced, so that it will readily pass tlirough 
a silk or lawn sieve, such as are used by chtna manufacturers, it 
will be ready for use: it is not abiiolutely necessary to fuse the 
materials, hut it is better to do so. The glaze thus prepared being 
about the consistence of cream, is applied to the inner surfaces of 
tlie pump-barrels, pipes, and similar articles of cast-iron, by 
closing one end, introducing a quantity of glaze, turning the 
article round, so as to coat the interior uniformly w ith the glaze, 
and then j»ouring out the surplus* The interior of cisterns and 
like articles of cast iron is coated in a similar manner, by intro- 
ducing a quantity of ^laze and moving the article about in various 
directions tintil the interior is uniformly coated. In general it 
will only be necessary to scour and wash the surface previous to 
coating,' but if the surface is much oxidised, it is requisite to 
subject the articles to a red heat, and, when coo], to scour them 
well with water. It is preferred to narm the metal before the 
application <»f the glaze, in order to facilitate the drying of the 
latter. The exterior ^turfaces of articles of cast-iron may be coated 




by dipping the articles into the «eml-4uid glaze^ or by applying 
the glaze thereto with a brush. 

After the pumps, pipes, cisterns, or other articles of caat-iroq 
have receivea a coating of glaze, they are to be subjected to ^ 
smitable temperature for firing the glaze and thereby causing it to 
adhere. This is effected by placing the articles in a kiln heate4 
in such manner that no flame or sulphur shall come in contact 
with the articles. The heat is gradually raised until the glaze 
melts (which can be seen by taking out a brick from an opening in 
the kiln); and, so soon as the melting of the glaze takes place, the 
fires are drawn, and the articles are allowed to cool: when the 
articles have become cool, they are removed from the kiln^ and are 
ready for use. 



HEVXElTirS* 



PraeHeai Fentihtim^ as applitd to FuhHe^ Domestic^ and AgrimlUtrai 
Structure. By Robert Scott Burn, Engineer. Blackwood and 
Sons, Edinburgh and London. 1B50. 

The Importance of ventilation in connection with sanitary pro- 
gress is an admitted fact, that does not require us now to descant 
upon. What baa to be considered is, how ventilation may be 
applied to buildings effectively and economically; it U to these 
considerations that the author has devoted his attention. Mr. 
Burn fijst points out the necessity and importance of ventilatiioi: 
and next shows how it may be applied to public buildings, and 
observes, that 

^'Natural ventilation does not depend upon machinery for its 
results, but is ^a process by which movements are induced or inn- 
tained in the air, in the same manner as wind Is produced in the 
external atmosphere/ The raiiomik of natural ventilation cannot 
be better described than in the words of Dr. Roidr ^The specific 
gravity of air vitiated by respiration and combustion, the two 
great processes that deteriorate air in ordinary butldinp, is under 
ordinary circumstances less than that of common air: it gives 
way accordingly, and is pressed upwards by the denser and purer 
air. Let us imagine, then, an apartment occupied by a number of 
persons standing on a porous floor, and the roof taken of; at 
ordinary temperatures, the air, vitiated there by the human frame, 
requires no mechamcal power to remove it. The superincumbent 
pressure is diminished by the expansion induced in the air as it is 
heated; but the external air is permitted to have free access 
below, as well as above, to the porous floor. Its power therefore 
preponderates, and an upward movement is the necessary conse- 
quence; which is accompanied by the introduction of fresli air and 
the removal of that which is vitiated. Here, then, is a species iif 
natural ventilation. AH that is esHential is merely this, that the 
natural movements induced by the beat of the body shall not be 
stopped by any barrier opposed to them. An open roof and ceiling 
is, nowever, inadmissible: protection is required from the weather, 
independent of other arrangements. The opening, accordingly, 
may be contracted: in proportion to the amount of contraction^ 
the temperature of the air, and the numbers on a given space, it 
now becomes necessary to int^rease the velocity of the discharge 
from the apartment referred to» To effect thii^, if a shaft or 
chimney (}e extended from any opening in or near the ceiling, the 
column of warm air which soon fills it increases its power; and 
unless an extreme number of individuals be crowded in the apart- 
ments, the shaft t* sftjfideftt for aU ordinary purposes.* 

^^In ventilating buildings, two tbings should be borne in mind; 
and as upon the proper attention to these depends the iuccesi» of 
the plan, particular attentiun should be taken to see them carrietl 
into effect. These are, the supply of the interior with fresh air, 
and th© withdrawing of it when vitiated. And here we wouhl 
request attention to the fact, of which the evidence of all experi- 
ence goes to prove the truth — that noftmi air oaji by any possibiiity 
be eJ^tr acted from (he interior of any huUding^ howevter weii arrangrtt 
the means to in^rure its exit may be^ unless an ampie supply of pure air 
is admitted. In making provisions for the supply of pure air, due 
regard should be had tu the S(»urce from whicii it is supplied, If 
much duKt or extraneous mechanical impurities should oe at the 
base of the building, or drains near to or passing through there, the 
air should be led from a distance from the ground.. ..And in order 
to stop the ingress of all extraneous particles of dust. See, through 
the ventilator, there should be stretched across the inside uf 
the opening, sheets of very finely perforated zinc or horse-hair 
cloth. Where the air has to be led into the interior of a church, 
i&y to the passages, ventiducts must be employed to conduct the 



air to the reauired place. These conduiti may be made of «mc or 
iran pipe«; out a ciieaper mode is to make wooden bcixe« of suffi- 
cient sijse. To prevent the damp from affecting these, the outside 
should be covered with two or three coats of a composition of tar 
and sand (three of the former to one of the latter). The best place, 
in the generality of churches^ to lead the air to, is the passages; 
and, indeed, in most other public buildings. The apertures at the 
place of ingress to the interior should be covered with caBt-irori 
grmtioga. But in order to diffufie the air as much as possible in its 
pamge through the grating?, alonif the under side of these, pktes 
of line, with Kmall perforations, should be fixed, or sheets of horse- 
hair cloth. For this purpose we would also recommend the adop- 
tion of ^'"cocoa-nut fibre matting" — it is very cheap, porous, and 
can be made of any closetiea* of texture: it ifi becoming mucb used 
for the passages and aisle* of churches. If used in thiii way, any 
apeeies of grating, however rough, would do, as it would he hidden 
by the cloth kid above it. One thing in connection with the 
gratings shoiild be borne in mind, that is, to have the apeiturea 
greater, at least e<]ual in surface to those on the outside. 

"The apertures for the admission of fresh air should be disposed 
at equal di^taiioes round the building, if possible on all sides, so tliat, 
from whatever <|uarter the wind blows, an aperture may be placed 
80 as to receive its influence: not that the force of the wind 
is necessary, fur air, as we have shown, will find its way wherever 
it is required, unless prevented; but in windy weather more air 
will he fm'ced in, in n given time, than in calm weather. Having 
provided means for the admission of frejih, we will now direct 
attention to the means for withdrawing the foul air. The aper* 
tures for its esc^ipe should he placed in all caries at the highest part 
of the ceiling. If the nature of the building will admit of it, the 
area of the aperttire should be distributed over the ceiling in more 
than one place. Supposing the area of aperture of a church is 
required to be 3 square feet — if three apertures of 1 S4iuare foot 
each, be placed ahmg the roof at regular intervals*, the building will 
be more speediEy ventilated than if one aperture of 3 feet square 
was aJune used/ 

In the next chapter the author explains how ventilation may be 
applied to dwelliug-honses and shops, and describes several kinds 
of ventilators which are applicable to the purpose — such »& 
Bailley'ft glass louvres, perforated glaiis. Dr. Arnott's valve, and 
Mr. loynbee's suspension valve, consisting of a square iron tube, 
3 to 6 inches square, and 4 to 6 inches long, with a piece of per- 
forated ziiu" over the external orifice, and at the bacK a piece of 
oiled silk, which acts as a valve, so as to allow the warm and vitiated 
air to pass up the chimney, and to prevent any smoke entering the 
chamber* 

Mr. Burn describes n method of ventilating a house by the 
staircase; it is simple, and appears to be very elective, 

"In supplying freahuir to the lobbies, balls, or central staircases 
of large man&ionti, from which all the apartments are to be supplied, 
care should be tHken to have the quantity sufllcient in volume, it 
will materially assist the ventilation if the air is warmed as It is 
admitted. The air should be led to the floor of the hall, in which 
itpertures may be made to allow it to pass through; or it may be 
taken to the back of the skirling, or beneath permanently fixed 
tables, the fronts of which should have plates of perforated zinc. 
If the staircase is provided with a Bkyllght, this fihould be kept 
carefully closed; the det^ideratum, in such cases as we are now con- 
sidering being to supply each apartment with means of withdrawing 
the u^ed air, so as to draw their supply of pure air from the central 
magasune; not only ventilating themselves, hut also the stalrciises, 
pussages, ike, tbe^e being supplied with fresh air from the central 
magazine. W the Nkyliiyht was left open, thus creating a powerful 
upward current, the flow of air into the apartments would be 
jnateriaHy retarded, if not in some case* altogether stopped. There 
is one danger connected with this pl;^n of supplying air to the 
apartments of large munsions, worth being noticed; this is if each 
apartment is not properly ventilated, the foul air from it will obtain 
access to the central magazine whenever the door is opened, its 
egre.ss through ii^uch being easier — the air in the central niTiga^ine 
being thus contaminated. Again, some apartments may, from more 
powerful ventilating arrangements, draw their «iipply from another 
apartment; this shows the necessity of bavtoi* the supply to the 
centriil magazine ample. If the mansion consist** of many stories, 
each landing may be supplied with a separate supply of pure air, 
independent of the openings in the hall previously mentioned." 

In the next chapter, Mr. Burn explains how ventilation may he 
applied to agricultural structures; and In the concluding clmpter, 
-rarioufl syj^tenis o£ warming of buildings, construction of fire* 



places, and smoky chimneys. Here we most stop, before v« are 
tempted to make a few more extracts, as we have already intruded 
furtner than we at first intended upon the work. 



A Rudimentary Treatise on the Hittoryy Conrtruetion^ and lUumdn^ 
lion of LightKotis€i* By AiiAN SrEvaNsoit, M. lost. C.E,, Eqgioeer 
to the Board of Northern Lighthouses. London: Weale. ISSO. 

It must certainly be esteemed a great reoommendatton for thit 
rudimentary treatise that it is written by the constructor of one of 
the greatest lighthouses in the world — that at Sken^rore, Mr. 
Stevenson is the author of a description of this work, and thereia 
has laid the foundation of the present treatise, which applies to 
lighthouses generally those principles which were disctiseed before 
in especial reference to Skerry vore. Much space is given to the 
various systems of tllumination adopted; and of the remainder of 
the book, although moat valuable, it is so well known we are 
almost deterred from making a quotation. At all risks, however, 
we give some account of Skerryvore, 

^''The Skerryvore Rocks, which lie about 12 miles w.g.w, of the 
neaward point of the Isle of Tyree^ in Argyllshire, were long 
known as a tenor to mariners, owing to the numerous shipwrecks, 
fatal alike to the vessels and the crews, which had occurred in 
their neighbourhood. A list, confesfsedly incomplete, enumeratei 
thirty vessels lost In the fortv years preceding 1844; but how 
many others, which during tliat period had been reported ai 
^* foundered at sea," or aa to whuse fate not even an opinion bai 
been hazarded, may have been wrecked on this dangerous reef, 
which lies so much in the track of the shipping of Liverpool and 
the Clyde, it would be vain to conjecture. The Commiasiooers of 
the Northern Lighthouses had for many years entertained the 
project of erecting a lighthouse on the Skerryvore; and with thii 
object h»d visited it, more especially in the year 1814, in f^mpanv 
with Sir Walter Scoit, who, in his diarj^ gives a graphic descrip- 
tion of its inhoBpltahle aspect. The great difficulty of landing on 
the rock, which is worn smooth by the continual beat of Atlantic 
waves which rise with undiminished power from the deep water 
near it, held out no cheering prospect; and it was not until tbe 
year 1834, when a minute survey or the reef was ordered by the 
Board, that the idea of commencing this formidable work was 
seriously embraced. 

^'^Thc reef is composed of numerous rocks, stretchifLg over a 
surface ^f nearly B miles from w.s.w. to e.n.e. The main nudeus^ 
which alone presents sTifficient surface for the base of a lighthouse, 
is nearly 3 miles from the seaward end of the cluster. It is com- 
posed of a very compact ^nei*#, worn smooth as glass by the inces- 
sant play of the waters, and is so small that at high water little 
remains around the base of the tower but a narrow band of a few 
feet In width, and some rugged humps of rock, separated by gullies 
through which the sea plays almost incessantly. The cutting of 
the foundation for the tower in this irregular flinty mass occupied 
nearly two summers; and the blasting of the roct in so narrow a 
space, without any shelter from tbe risk of flying splintera, waa 
attended with much hazard. 

^Mn such a situation as that of Skerryvore everything was ta be 
provided beforehand and transported from a distance; and the 
omission in the list of wants of even a little clay for the lampiug 
of the mine-holes, might for a time have entirely stopped the 
works. Barrarks were to be built at the workyarcf in the neigh- 
bouring island of Tyree, and also in the Isle of Mull, where the 
granite for the tower was quarried. Piers were also built in Mull 
iind Tyree for the shipment and landing of materials; and at the 
hitter place a harbour or basin, with a reservoir and sluices for 
Bcouring the entrance, were formed for the accommodation of the 
small vessel which attends tbe lighthouse. It was, besides, found 
necessary, in order to expedite the transport of the building 
materials from Tyree and Mull to Skerryvore Rock, to build a 
steam-tug, which also served in the early stages of the work as a 
floii ting barrack for the workmen. In that hrjinch of the service 
she run many risks while she lay moored odf the rock in a perilous 
anchorage, with two-thirds of the horizon of /but grouiia^ and a 
rockv and deceitful bottom on which the anchor often tripped, 

*'^ 'I'he operations at Skerryvore were commenced in the summer 
of 1838, bv placing on the rock a wooden barrack, similar to that 
first used by Mr. Robert Steven^son at the Bell Rock. The frame* 
work was erected in the course of the season on a part of the rock 
as fnr removed as possible ffom the proposed foundation of the 
lighthouse tower; but in the great gale which occurred on the 
night of the 3rd of November following, it was entirely destroyed 
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ind swept from the rock, nothing remaining to point out its site 
but a few broken and twii^ted iroD itanclieons, una mttacbed to one 
of them A piece of a beam eo §haken and rent bv dashing a^rainst 
tbe ruck aa literally to resemble a buncb of latns. Thtis did one 
ni^it obliterate the traces of a season's toil, and blai»t the hopes 
which the workmen fondljr cherished of a stable dwellinir on the 
rock, and of refuge from the miseries of sea-sickness, which the 
t^perience of the season hud taught manjr of them to dread more 
^an death itself After the removal of the roughest part of the 
loondatian of the tower had been nearly completed^ during almost 
[|wo entire seasons, by the party of men who lived on board the 
aiael while she Uy moored off the rock^ a second and successful 
.itempt was made to place a second beacon of the same descrip- 
iion, but strengthened by a few additional iron ties and a centre 
t, in a part of the rock less exposed to the breach of the 
est waves than the site of the 6rst barrack had been. This 
d house braved the storm for several years after the works 
ere finished, when it was taken town and removed from the rock 
j^> prevent any injury from its sudden destruction by tbe waves, 
■perched 40 feet above the w a ve< beaten ruck in this singular 
lode, the writer of this little volume, with a goodly company of 
'thirty men, has spent many a weary day and night at those times 
when the sea prevented any one going down to the rock, anxiously 
king for supplies from the shore, and earnestly longing for a 
ithange of weather favourable to the recommencement of the 
W0rk8. For miles around nothing could be seen but white foaming 
ireakera^ and nothing heard but howling winds and lashing waves. 
% vacti seasons much of our time was spent in bed; mr there 
llone we had effectual tiheUer from the winds and sprav which 
searched every cranny in the walls of the barrack. Our slumbers, 
too, were at times fearfully interrupted Ly the sudden pouring of 
the sea over the roof, tbe nicking of the house on its pillar»\ and 
the spurting of water through the seams of the doors and windows, 
symptoms which, to one siuddenly aroused from sound sleep re- 
1 the appalling fate of tbe former barrack, which had been 
phed in the foam not twenty yards from our dwelling, and 
a moment seemed to summon us to a similar fate. On two 
Occasions in particular^ those sensations were so vivid as to cause 
almost e^'ery one to spring out of bed; and some of the men fled 
from the barrack by a temporary gangway to the more stable but 
less comfortable sbeltt^r afforded by the bare wall of the lighthouse 
tower, then unfinished, where they spent the remftitider of the 
night in the darkness and the cold, 

•■^ The design of the Skerry vore lighthouse was given bv the 

tniter of this volume, and was an adaptation of Smeaton s ^ddy> 

ne Tower to the peculiar situation and circumstances of the 

at the Skerryvore, with such modiftcations in the general 

rrangements and dimensions af the building, as the enlarged 

views of the importance of lighthouses which prevail at the present 

day seemed to call for. 

^'The Skerr>'vore Tower is 138 ft. 6 in. high, and 4« feet in dia- 
metir at the base, and 16 feet at the top. It contains a mass 
€»f stonework of about 58,580 cubic feet, or more than double that 
^f the Bell Hock, and not much less than five times that of th« 
Eddy stone. 

** The mortar used at the Skerryvore was compounded of equal 
parts of limestone (from tbe Hatkin Mountain, near Holywell, in 
North Wales), burnt and ground at the works, and of Pozsolano 
earth. The mixture was carefully beaten up to the required con- 
sistency with sea-water* All the joints of each course of the 
building were carefully filled with grout, which is cement in a fluid 
Etnte* 

"The entire cost of the lighthouse, including the purchase of 
the steam vessel and the buihUng of the harbour at Hyniah for 
tbe reception of the small vessel which now attends the lighthouse, 
was 8fi,917/. lift. 7rf., the detailed items of which wj(l be found in 
the Appendix to the Aewunt of the Lighthouse already alluded to. 
^^^ In such a situation as the Skerryvore, innumerabfe delays and 
disappointments were to be expected by those engaged in the work; 
and the entire loss of the fruit of the first season's labour in the 
course of a few hours, was a grtod lesson in the school of patience, 
and of trust in something better than an arm of flesh, During 
our progress, also, cranes and other materials were swept away by 
the waves; vessels were driven by sudden gales to seek shelter at 
a distance from the rocky Bhore» of Mull and Tyree; and the 
workmen were Ief\ on the rouk desponding and idle, and destitute 
of many of the comforts with which a more roomy and sheltered 
dwelling and the neigh boiirhwid of friends are generally connected, 
Daily risks were run in landing on the rock in a heavy surf, in 
blasting the splintery gneiss, or by the falling of heavy bodies 



from the tower on the narrow space below. Id which so many 
persons were necessarily confinetL Vet had we not any loss of 
either life or limb; and although our lahours were prolonged from 
dawn to night, and our provisions were chiefly salt, the health ui 
the people, with the exception of a few slight cases of dysentery, 
was generally good throughout the six successive summers of our 
B4»journ on the rock. The close of the work was welcomed with 
thankfulness by all engaged in it; and our remarkable preservation 
was viewed, even by many of the most thoughtless, as, in a pecu- 
liar manner, the gracious work of lUm by whom Hhe very hairs of 
our heads are all numbered.'" 



Architecturai PuUication Soetet^, iUfatrations^ Part IL of Voiume 
for 1849-50, 

The pnrt now before nu includes Arcade, Mosaic Ceiling, 
Interior of Chapels, Chimney, Fa^^ade, Metal Work, Pedestal, 
Piazza, Pulpit, and Staircase, with thirteen plates. Most of 
the examples are Italian. The plate representing the interior 
of the Chapel of San Domenico at Bologna is coloured so as 
to give some idea of the picturesque appearance of the orijpnal 
buirding. The Mosaic Ceiling of the Sacristy of St. Mark's at 
Venice is a novelty, and it is likewise illustrated by an illuminated 
plate of a portion, gorgeous in its effect. The plate of Lombard 
Chimnies gives one-and-twenty varied designs. The article Facade 
shows two arcaded buildings. There is likewise a Flemiah brick 
front in the Gothic style. The Metal Work gives some picturesque 
knockers. 

Attached to this part is some description of the buildings repre- 
sented in tbe two parts of the volume for this year. 



BuildingM arid Mftnumenti^ Modem and Mediirval. Edited by 
GiioaoE Godwin, F.ILS* London: 1850. Part VII. 
The church of the Immaculate Conception, by Mr. Scoles, 
exhibits some very rich tracery; the church of La Villette, at 
Paris, iH interesting, as showing how parish churches are treated 
there; the Custom-house, Rouen, is a novel piece of street archi- 
tecture. There are likewise other subjects, and as some detail* 
are given, the number will be a very acceptable addition to the 
library. 

StctwuM of the London Strata, By Robebt \V. Mvlne, C.E. F.G.S., 
RS.A., M. I.R.A. London: James Wyld. 185U. 
Mr. Mylne*s work, no doubt, will meet with its full share of 
favour, it being particularly useful to all who are engaged or inte- 
retited in the sanitary progress of the metropolis. There are tive 
sections; the first alone has the strata delineated in detail, with 
the necessary geological references: the remaining four sections 
are only in outline; but as the author intends to complete them 
from materials already collected, the horizontal and vertical scales 
are in the proportion of 1ft to 1, The engravings also bhow tbe 
site and depth of all the nrincipal wells which have been sunk in 
and about London. We hope this work will induce other 
engineers and architects to observe and describe the structure of 
the country around them, for at present our knowledge of tbe 
crust of the earth is very inaccurate and limited. 



Hydraulic Tables, By Natiiamcl Bkabdmore, M. Inst, C.E, 
London: Waterlow, lB5a. 
Hydraulic engineering is so extensively practised as to require 
a considerable number of works for its practitioners; and Mr. 
Beardmore has rendered a very essential service by the publication 
of this h»nd-bo4>k, winch in a very close compass gives the 
materials requisite for the calculation of water and mill-power, 
water supply, drainage, and the navigation of rivers, tables of the 
minfall in England, and some subsidiary information. From .^Ir, 
Beard more's experience and high -standing, we should have been 
prepared for a more extensive work, and more copious information. 



The Civil Engineers and Surveys Companim^ and Assistant in 
Setting out Shptfs, ^c. By Edward Eydk, Surveyor. London: 
Published by the Author, 1850. 
These pages constitute a set of tables for setting out slopes. 

curves^ cuttings, and embankments, and as they are intended la 
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save Iftboui' to profeasional meo, will be welcomed. There i^ one 
part of Mr, Ryde ft labours nhidi might have been better applied : 
he has ^iven bii relative proportions in chains horizontally, and 
feet vertically^ instead of this it would have been better had he 
taken the foot measure instead of the link, both horizontally and 
vertically. It has been found practically better to use the 100 feet 
chain instead of the 100 links in setting out railway works. 



Architectural Sketches^ Italy. By T. C. Tinkleb, Architect. 
The number now before us gives several detaiU of the V^illit 
Madama, near Rome, lately destroyed by the French: they chiefly 
exemplify a loggia. The Villa Bfirghese, though sketched on a 
small sc^de, is very picturesquely shown. Bits from the Carapagna 
are sketches of several country buildingB, showing the general 
clFect and arrangements, and are of some interest. 

Drawinff from Objects, By Hannah Bolton. London: Groom- 
bridge. 1850. 
This 19 a work founded on the system of drawing from common 
geuTnetric«il forms, which is now ao prevalent in this country, and 
in which the writer has had much experience, having taught, in 
the last six years, nearly two thousand pupils, many of them 
teachers of national and infant schools. For a work of this kind 
it is well carried out, and in a liberal spirit; but we adhere to the 
opinion that it is better to begin with natural objects, instead of 
the stiff forms taken from conventional geometry. 



The Teiotype — a Printing Ekctrio Telegraph, By Francis Galtox^ 
Esq., M.A. London; Weale. 1850. 
This pamphlet describes at length Mr. Galton's invention, the 
object of which is to print messages in the ordinary alphabetical 
characters^ and for which many ingenious contrivances are intro- 
duced. As the plan requires several engravings for its explanation, 
we are unabk to compass it in a short description. 



WATER SUPPLY FOR LIVERPOOL. 

Report of Robert Stepht:nson, C.B., &n the Supply qf Water 

to the Town of Liverpnol. 

{Continued frttm page 193.) 

I now proceed to answer the ilrst question In the Minute of 
January, It^ via. — 

** fVhether a supply tugicieiitt wt regards quauiity and quality, for the 
present and prospective wants of the town and neighbourhood, inetuding 
domestic^ trading, and manufacturing purposfs/aml thipping, and for 
putftic purposes — mz>, watering and eleanxing streets, flushing sewers, 
e^Ftingutshing flrest and supplying public baths and wnjih'houttSf eon 
i^e obtained by additional boring or tunneis, or otherwise^ at the present 
stations-'-^iT., those purchased from (he CompaniSi respectively, and 
from the Green Lane fForks, now vested in the Corporation^ and the 
cost qf obtaining such sujicient supply /** 

It is, 1 believe, admitted that the population at Liverpool to he 
supplied with water is about 400,000, and that an efficient supply 
for large towns is not less than twenty gallons per individual 
daily; thuH the total quantity required at the present time U 
8,00*0,00*1 gBllons a-day. In the Report made by the Health of 
Towns Commissioners, it is stated that the increase of inhabitant* 
in Liverpool \vtL% for the ten years between 1831 and ]8ii, 39.6 
per cent.; we shall probably, therefore, not err much in supposing 
the population to be supplied iu 1801 will be 557,500, and tne ne- 
cessary quantity of water consequently augmented to ll,U0,0O0 
gallons a-day. But, in the first place, 1 shall consider the various 
sell ernes which have come before me in reference to a population 
requiring »:J,000,OGO gallons only. 

My experiments to determine the yield of the wells are detailed 
in «everal tables of the Appendix, No. 1 of which gives thosie 
made to ascertain the effect of one stroke of the pump at each 
Btatitm; and, as the correct nes*4 of the iinal results dt?ponded on 
the accuracy of this element, much time and labour ^ere given t« 
the feubject» Implicit reliance may therefore be placed on the 
experiments, which were made bv discharging the water from the 
pump alternately, into two tanks of known capacity (one being 
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emptied while the other ir»§ being filled), and repeatiJig thi« 
operation for a considerable length of time. The total quantity 
of water thus measured, divided by the number of strokes, of 
course gives the content of one stroke. The pumps, bockets, and 
clacks were tried in various conditions and under different pres- 
sures of water, and the utmost care wag taken to secure the same 
relative conditions throughout the duration of the experiments, 
80 aa to obtain both the deli^'ery of each stroke and the yield 
of the well. 

At the Windsor station, where the engine was single-acting and 
the length of stroke variable, an apparatus was applied for the 
purpose of registering the exact distance passed through by the 
pump>rod; and, by reading the index of this instrument, and 
taking the number of strokes as given by the counter, the average 
length of stroke for any period wae ascertalued; and thus the 
total quantity of water discharged accurately determined. It wai 
intended to have used this instrument at Green Lane also, but a« 
it was required at VVLodsor to measure the increased yield during 
the progress of the boring, this could not be done, 'fhe yield of 
the Green Lane well was in consequence ascertained by proving 
the delivery of the pump, when working at a known length of 
atrokej by means of the tanks, and afterwards conHning the lenj ~ 
of stroke, throughout the subsequent experiments, as nearly 

Sracticable to tlie same standard. The yield of the well 
kevington Bush, and the delivery of the pumps at the Bootle 
Station, were determined by pumping into a reservoir of known 
capacity and regular shape, at Kirkdale. 

Table No. ^ shows the yield of each of the wells at various 
levels; Table No. S a the maximum yield; and Table No. 2 b the 
yield at the working levels of the last quarter of l8iD, as proved 
both by the Dip-books and by my series of experiments. 

These tables show that the maximum }neld of all the weUs in 
the posses^iiton of the Corporation amounts to 5,170, t86, the mini- 
mum yield to 3,320,990, and the yield at the ordinary working 
level to 4,916,784 gallons per 24 hours. This, as recorJled in the 
Diu-book, nhows at corresponding levels a delivery of 3,834,758 
gallons^ which is as close an approximation as could be looked for. 
Mr, Hocking reported to Messrs. Simpson and Newlands that the 
yield of the welk was 4,8^0,969 gallons in April, 1849, but as the 
weekly produce is divided by six instead of seven, this amount 
ought to be 3,ti77,972 gallons. From all these results it mav be 
inferred that the existing welk are yielding about 4,000,000 ^^oos 
a-day. 

After the full explanation, in the preceding pages of this report^ 
respecting the action of wells on each other, and the mode by 
which the water is transmitted throughout the body of the sand- 
stone, it will at once be perceived that the expectation of much 
augmenting the supply of the present weUs, either by slaking, 
boring, or tunnelling, cannot be entertained* 

1 am satisfied that any increase occasioned by deepening tin 
wells will be temporary, and only take place to tlie same extent 
the private supply of water is diminished. This would necessj 
lead to the deepening of the private wells, which has already been 
done to a considerable degree; and when finished, would leave all 
parties in the same relative positions, except that they would have 
the same quantity of water, or a very little more to lift a greater 
height; and it cannot be doubted that a large proportion of any 
increase would be derived from the River Mersey, as all the wells 
are now sunk to or below the level of low water, and many yield* 
brackish water. 

Another theory of Mr, Gage may be here specially referred to. 
It seems to be that the water flows into wells from beneath, and is 
made to do so entirely from statical pres^re, acting at a great 
distance and elevation; but the ascertained levels of the water in 
the sandstone and wells are to me ti»tally irreconcOeable with this 
notion, for if the ^>ressure upwards which he supposes to exbt 
were really operative^ the level of the water in the sandstone 
ought to be uniform or very nearly so, which is certainly not the 
cAse. In the first exposition of his views he stated that the water 
flows through large fissures with comparative freedom, and sup- 
ported this by pointing out the specific chemical diiferences in the 
water from adjoining wells; but this is no proof of his correctnessj 
as the sandstone itself is far from being of uniform composition, ana 
raajr give rise to much variety in the constituents held in solution, 
while the character of the surface in the vicinity of the well may 
also influence the quality of the water in the sandstone. Could 
the probability that the supply of water is derived from the Welsh 
or Yorkshire hills in any way be imagined, the friction alone, 
which is an ascertainable quantity under known circumstances, 
would prevent the possibility of the rapid flow of the large 
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quantitf of which Mr. G»ge predicts would be obtoined by means 
iif hor&-holes« 
The question of expense points to tbe propriety of diminisbing 
^ritber than increasing the supply from the existing: welk; indee<^ 
lth« advantaffe of abandoning some of them haa already been 
foinied out by 3lr. NewlandH, Mr. Keonedy, and otherfl, and a 
I Table ia iniroduced into the Appendix, showinff the costlinesa of 
t water at present obtained from all except Windsor and Green 
L by which it would appear that their abandonment, and the 
ji^m«ut in their place of two new onea, similar to, or some- 
more extensive than Green Lane, would produce a saving of 
IS|9$2/. per aanum on the working expenses, or enough to justify &n 
I expenditure on the new and more economical establiahments of 
180,000/., in addition to the value of the land and worka; wherea% 
I the two stations would not cost more than about 56,000/. 

M€4trit. Simpson and NewJands' Sclteme, 
The second question contained in the Minute ia, 

•• Whftker a tufficimi addition to theprntni tujtply can U obtained in the 
(0€*Utjf Of n^tfftltoKrhiHid q/" Lirerpo&t^ at recommended ^y Megtrt, 
JtM^jMoa and NewUttniit, or hy Coring t, or bg anff other cuune, and the 
eoMt qf oiiaining and tfitfriluting (Ae same" 

This question comprehends the plaa now before parliament, 

rhtcb may be calJed the Newgham House Scheme; Messrs. 

Simpaon and Newlands* Scheme, n« de^ribed in their printed 

I report of April 23rd, 18i9; and Mr. Simpsons Kirkby or Clock 

I House Bridge Scheme. 

The New^ham House Scheme consists in making a well 10^ feet 

I dcepf at a distance of about 590 yards from Green Lane Station, 

||VitA 6 furlongs S48 feet of tunnel; a new engine and well of 150 

■; deep, with 600 feet of tunnel at Bootle, and 1 furlong and 

I feet of tunnel from the bottom of the Windsor well. 

Alter the free communication which has been proved to exist 

[between the Green Lane well and those surrounding it« situated at 

Ixiiich greater distances from each other than that proposed at the 

I Kewsham House Estate, I am at a loss to under^ttand h4>w the latter 

jean largely increase the supply from the district. The diutance 

(between the pmpo^ed site and Green Lane is only 590 yards, and 

I the end of the tunnel 1,SOO yards, while that between the Windsor 

land Edge Hill wells is 960 yards; and in their case we find that 

■the aggregate quantity of water raised is not much increased by 

1 adding to the wells, as before making the bore-hole at Wind.^or the 

I jrail way wells at Edge Hill only gave a daily increase from that 

f ftistrict of about 380,000 gallons* The proposed extension of the 

> works towards Newsham House is little more than a repetition of 

tfaeee circumstances; the extent of tunnel is certainly greater, and 

will, in proportion, extend the contributinjj^ area, but not so 

efficiently as to justify the expectation of a very much more 

advantageous result, or one commensurate with the cost of the 

works, 

Tbe enquiry aa to what distance wells should be placed from 
each other, in order to yield a maximum result, is here suggested. 
It is in evidence, that when tbe pumping at Green Lane waa forced, 
wells not far from Windsor were affected, and others at a greater 
distance laid dry. These, perhaps, may be regarded as extreme 
OMea; but I cannot think that two public wells, from which large 
quantities of water have to be drawn, should be established nearer 
to each other tlian Windsor and Green Lane, a distance of l| or 2 
miles. At this distance these wells appear to be capable of yielding 
1,000,000 gallons a-day each. 

The proposed tunnels at Windsor would operate as a reservoir, 
tn wbicn respect they would, no doubt, be useful for storage, but 
that they would sensibly increase the permanent yield of the well 
is ver)^ doubtful. The proposed additions to Bootle, the nuly 
station which supplies nearly 1,000,000 galluns per diem at about 
forty feet above low-water mnrk, will increase, for a time, the 
yield of that establishment; but in couMidering the question of its 
improvement, it must be remembered that it it Is the most 
expensive on account of the royalty agreed to be paid annually to 
Lord Derby. 

As I believe the results contemplated from this project to be but 
problematical, I cannot refrain from recommending a pause before 
entering upon the expenditure which the execution of the proposed 
works will necessarily involve. 

Messra. Simpson and New lands' project, as described in their 
printed report of 23rd April, 1849. appears to be an extension of 
the Newsham House Scheme, involving a larger expense without, 
I fe^^ aeoompliahing a corresponding benefit. 



The present Green Lane Works cost about 19,000i. for buildings, 
machinery, and wells, but exclusive of mains. The extension now 
proposed by driving a tunnel three miles long from the existing 
well (after it has been deepened), to tbe north, towards Melling, 
cannot, I believe, sufficiently incrcaae the contributing area so aa 
to add to the present yield ci.000,000 gallons a-day, as assumed by 
Its projectors. No plans or details having been submitted to me, 
the only information I possess is that to be derived from tbe 
printed document and the general estimate, which do not enable a 
minute examination of the various items of cost to be made; but 
I do not doubt that tbe amount named, 192,556/., is sufficient for 
the execution of the works. 

Mr. Simpson, in the Kirkby or Clock House Bridge Scheme, 
proposes to obtain from wells situated near each other, and tunnels 
uniting them, 4,000,000 gallons a^day, and an equal quantity from 
twii branches of the river Alt* The area of water-shed of this 
district would yield the quantity; but the proposed reservoir of 
about 30 acres in extent, and 1^5 feet in depth, would be quite inade- 
quate as respects storage, to ensure so large an uniform daily 
supply; and J am satisfied, from a personal examination, that it 
would be a task of great difficulty to construct one sufficient for 
the purpose in this place. 

Tbe wells in this situtttion may probably be aa productive as 
those elaewbeie^ although Mr. Binney and Mr. Rowlandson 
expreaaed some doubt of it, and tbe district is low, and the rock 
probably fuUy charged with water; but 1 can perceive no circum- 
stance to justify us in supposing that the transmission of the water 
to this point can take place more easily than it has been found to 
do elsewhere^ or data upon which to cailculate safely on so large a 
supply as that suggested from wells situated at one point. 

The engine-power requisite for the purpose of pumping 8,000,000 
gallons a^day to Liverpool, is considerably under-rated; but, were 
the proposed morks in other respects adeouate to the necessary 
supply, I believe the aggregate estimate would be sufficient. 

These observations on the Kirkby project are equally applirable 
to any proposal for deriving a supply from the Child wall Valley; 
indeed, every objection to the former applies with even greater 
force to the latter district. There is about the same area of 
water^shed, but greater difficulties as regards storage — to such a 
degree, that this alone is enough to put it entirely out of the 
question* 

The proposed plans of the Marauls of Salisbury have also been 
examined ; they consist of about tnree miles of tunnel, with their 
shafts, all comprised within an area of about three quartern of a 
*iquare mile, which is quite insufficient for the supply of the town; 
and even if considered merely as an auxillar}', the gain from it 
will be unequal to its probable cost. 

fTo be continued,} 



OBITUARY. 



8m— I regret exceedingly to have to inform you of the death of 
a remarkably rising young architect, an occasional contributor to 
your Journal^ Mr. John Swindell, of Kilburn Priory. His treatise 
on "Well Sinking," and other similar occasional minor perform- 
ances, have at times been the subject of your favourable review. 
1 have, however, well-founded reason to believe, that those ijnijxll 

{iroductions I have alluded to were merely the results of leisure 
iours; and that, had he not, by incessant work, worn out his 
frame, he would have ultimately benefited his profession in an 
eminent degree, by investigations of a far more important nnd 
more original character than those I have alluded to. 1 shall, 1 
hope, find myself excused in your eyes, and those of your readers, 
in thus assisting to rescue from oblivion the name of one who, had 
be not come to an untimely grave, would have required no assistance 
of the sort. 

I am, Sic. 

B. Pejibebtox, 
Professor of Civil Engineering, R,A.C. 
Royal AgricuUurai CoUegfy 
June 11, 1650. 



M, Lniffi Z^domenegM.^Th* Venie§ Gazette Istelj aaDOanced the deith 
of thii cplebr«l«d iculptor, sgrd "1. H« htd beta for lome years engaged 
in tbe icutptare of i magnifirent maiiuoient to the meraory of Titian, This 
importaat work, though lir adviuccd* hss beea left unfiaiihed by hit death. 
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MOTLErS PROPOSED BRIDGE OVER THE AVON. 



I'll' M: 



The above en^avlnir exhibiti a design for a bndg« of 600 feet 
spati, wbich Mr Mollify iiropoaes ta construct over the river Avon, 
at St, Vincent d Rocks, Clifton: he ^atea that it can be built with^ 
out any cent rin^c. At a distance of SO to 100 feet from the ver^e 
of the rock he proposes to drive a number of iron piles, united 
sufficiently strong to bear a strain of several thousand tone, to 
which powerful tensicin-barn would he fastened, un the river end of 
wkidi cranes of suiBcient st ength would be attached, and, by the 
aid of a moveable platform^ the first portion of the bridge would 
be hun|i( on the principle of a fiuspended bracket; this would con- 
tinue to be enlarged ia len^h ana depths and as the work would 
commence on both sides simultaneously, the bridge would meet in 
the centre, and its perfect rigidity be effected. The co^ of the 
iron work of such a bridtre, Mr. Alotley states, for a span of 600 
feet, and to sustain a uniform load of 1000 ton^ with perfect '^fifjfn 
would not exceed 30^000^. A model of the bridge may be seen at 
the office of the Minijtff Journal^ in Fieet-ttreet. 



LAIRDS GALVANISED IRON SECTIONAL BOATS. 

Mr. Macgregor Laird has communicated to the Xauticnl Maga- 
zine the annexed illut^tration of iron-built galleys and boats he is 
now con.structtng, Mr. Laird states that this construction is a 
simple contrivance to emible merchant vessels to carry wilhout 
inconvenience, boats that, in case of need, would save the lives of 
crew and passengers; — men-of-war, to carry double the number of 
l>oats in the space now occupied^ discovery vessels to carrv large 
tenders; — travellers to carry boats in the space of a moderately sized 
trunk; — and merchants trading to the open ports of the Pacific and 
Indian Oceans to send out lighters and small craft, at the usual 
rate of freight. 

The sketches are the plans, elevations, and se^iona of two 
descriptions of boat, built on the sectional principle. The larger 
one (figs, 1 to 4) is a galley, 70 feet long and 19 feet beam, to be pro- 
pel led bv negroes with paddles,* This boat is for thf use of her 
Xlajesty^M Consul at Fernando Po, to enable him, without reference 
to calma or baffling winds, to proceed when required to nny point 
within his dit^lrict, which emhracesi the Bights of Benin, Uinfra and 
Panasia, a line of coa^t of 1000 miles in extent, having the beauti- 
ful island of Fernando Fo in the centre. 

'*^To those of your readers who know Mr. Beecroft, and hai^e 
been upon the coast, I need not remark upon the ad vantages, the 
facility of taking the boat to pieces, unci reuniting her in a few 
hours without the asiaistance of mechanical or skilled labour, will 
give that distiOjyjuiijhed traveller in his future geographical dis- 
coveries. And from my own experience I can truly say that if I 
had again to ascend any African river, 1 would prefer three or four 
of these galleys, each manned and propelled by fifty Kroomen, to 
the beiit equipped liteamers that ever leit England. 

Commerciallj', ateamerji can only, pay in civilised countries. 
Their excessive cost at first, and tne constant outlay afterwards, 
has ruined all African trading expeditions into the interior; while 

* Tl>e following Isttar !■ from Oomnumtir Btrl% B K^ lo Mr. LiJrd :— 
**ftin— With reft^rencc to your iHtor of Ihe ftlh olt, with Itt enclcHurgi frorni Vr- l*4C- 
grtror L«trd,. relftlkvetOBfectionaT boAldniU of fftlvtftljvMl Iron, taid tii b«r.a«f7 rarirurv<>f 
on Ch« lOth ul!U(but It ncit fi't In i fintihpd iUte), »nd desiring me touke tomy &Mi»;»nc« 
tome (Mtinp^teot officer at TJrt'fiioof, who ban h^tL on the coatt of JUrlca to iotpect ihit 
hVL*, and report u|H>r> ber pOlck^ncr, I ht% lo report for tha InfortnAUon of mj tordi 
OiMSimU«ton»n of th« Admimltj, thut I hire on Mfer*! occMioOB InfpecWd tlie tMAt, and 
one* iji Ittc pivvenetf of Mr. Boccroft, the Ooatul at Fenuuido Po, tkar* bmai no ^frlcao 
oflliitr in ihii tiQighbourhood, aod fltrd hef dlmftQiioDi a>4 effidcocf u followt, *U.: — 



Length 

[>t»pih •mi'fvhipt 
I>p)^[li forward and all 



IS " 
4 ** 
" 



Qitilder*! M«asiir«matit . . 4^ i 

Toia.1 v»lght of Ironwork » . ^\ 
Do. vttb woodwork,! mwts, MUi*^ 
all eompleta 



'}• 



Tlitekric«t of plAlei S-IO aod |-fncb; dUpl«c«nieiit At 1 fool wat«r lloe ''05 \ab%\ ditto 
ft fiivt SO 80 toot. 

♦' Th«r« art elfht tortlonal pkcei, \hn h»irle#l of whieh !• Ifl cw*., JoIimmI toffulhflr hj 
»j)f|^-lron Jointc, lliiMl wlrh irulcainl««d tndlan rubbn-, ibe who!* beiuf focured togvlhcr 
bj •*'r*w*b'ilii and nut*, %n that ]»er own cfew of for:y or Mlf men» cwi carry Ler o.cr 
aiif tMN;k of lartd^ and M^t hi^r up agaSo. 

** U«f liffht draA of walifr ii ^Nijmauwl at | foot with h^r crew, wiiti pfotlsFon% wat«r, 
ibt.^ for xlw cani«» at 3 f^i. Sh« li to pml rhlrtT-«liKlit oani, doubli^-tvani^cd, nibi*d irtih 
thrt« ftchooDfr uHs Jtb and ixquare-iAll, havlaf for ei^hi prtife-ctioa iron fttaochi'oiii 
covir<cd with thin rdt^ sbe (» alio lo b« lilted with tdr-Uchi salv&nUed tubea aa « Uf^ 
boat. 

•* F^om her light dmfl of water^ and (^neral lighlnieMt ibf i» part Icul a rlj well tita^ltd 
ro lakt tha bar* on ibr ri>Kit of Africa, wh«rr tbi^re !■ a «hort breakiof t^a, and for pro* 
«t«dk^0 up IA« eivfn, or Iq go in ckate of iUsttrt^ tu /Vow h«r ctmttruetion the imuf ptM 
and foil vtiy foM, 

»*It t* i»mi»^*.4 by Mr. D^t'crofl. that thli boat •hauJd b# ftn«J with a Ilfht hiwm ■ i- 
pounder forwarda; and wiil» liar crrw iralned to smalt arms «be wouJitl be fli to j(o in 
elia«« of atjij ilav^r* in a caIrq. (hereror« lubmlt that lliU cla»i af boat« with Incr««»rd or 
dlmirtl^hed dlmentlooft, would b« of frcal lerrlce bo the Africaii iquadron a* r«adert. 
** 1 ani! Ice*, 

IMirpooif T(A M^rek, IStfO. "Thoiui ltiTii> Cotamanaer." 
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_iys ©f tills description would hiive done all that has been done ! 
a twentieth of the fo«t, and perhaps 'ere this, have opened a 
_tf»iUr and steady trade with the tribe?* in the interior, 
Yhe second boat is building for an emigrant ship (figs. 5 to 8). 
he U in four sectiona, and can be used as an ordinary boat of 
\ feet long ( figa. T and 10), as a bai^ 38 feet, or a galley of SO feet 
(fif* 5), at which siae she would carry in safety 150 people. 

F'ire is the great danger to be apprehended on board emigrant 
|v€Kfi€ls. la an hour after a fire was discovered these boats could 
llie joined and towing astern, and the awful scenes that ttmk place 
fjjn board the Ocean Mnmreh and Caleb Gnmnhaw avoided. 

All naval officers who have served on the coast of Africa, and 
the Indian Seaa, know the advantages of having large and fast 
[bo^ts. On this sectional plan, a boat 60 feet long can be stowed 



in a length of 2.5 feet on the booms, and be put together in a few 
minutes by her crew, when her serv ices are required to chase in 
rnlms or baffling winds, or to land troops; or, titted as a tender, 
she could be sent to cruise with a month s provisions and water k^ti 
board; a Rimple and cheap way of doubling the efficiency of a 
blockading squadron. Droghers, lighters, and small craft "of uU 
sortsi and sizes, can be tent out to all parts of the world, at the 
lowest rate of freight, and put together with the greatest facility 
and accuracy, without tbfr aid of mechanics or skilled labourers. 

I may add, that I propose making all boats for pas-senger- voxels 
life-boats, by using Light's prepared rushes, which are much 
suparior to any system of air-chamber«^ and securing them from 
oxidation by galvanising the plates, which also saves the eirpease 
of painting," 



Fig. 4. -CroM SccUoo al A. 



Flft. 1,2, And S, -Eleratlon, Pima utd 8t«tliHi of m GaJler, 70 feet lotig. 



L.i^lfi«9is4 6.-1 



I ud ffilf-plSB of SecliQDo] BoftU of GAlvsnUtd Iron, ftr bn Ftnlgruit Sbip of rkX) torn, carrying COO pcop1t» Bctttt k ol 
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Ft£. 7.— Flan of Section at A. 



Fly. a.— CfOM Section tat A, •boirififf tbe tarihod cf jotnlnf 
tbt Stctlona. Scale ^ ofaii Incti to a foou 



Fig. lU'B, Wat^.tlgtit Bull beadt. Sections at 
cod of Midihlp S«cttoaif abuirlDg tbe I'eetioot 
aa a Drck houae, 



jy. _„^ 4f.!_*Jl__ 



1%. 9.— Sl^tilloa of Fori and Alt 8cct<0Da. ■• a Culler 36 tel lonf , i 
^ tor ordloanr ilitp*i uae. 



[ S feet beami 



Fig. 10.— Miftiblo SrcUoiii^ itotred on Ito<ii»i, to be Med la tlofe-rooma^ or * 
waier'tanka, on tbe rofagt, cootalDlof u|iirardl of 3000 ftUooa. 
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SUPPLY OF WATER TO THE METROPOLIS. 

Rbpokt ksf the General Board of Health on the Suppljf qf Water 
t^ ^ Metropiflis^ 

We have given at length the recommendations of the Commis- 
sioners, as to the plan tney propose for adoption; but the report 
itself requires coneiiderahle aiscussion, wbicht we must, houever, 
defer, oqt Kpace being otherwise taken up. 

Qmlity qf the Wider 0/ the lUver 7%aMea^ 

L Thftt far doBcatk iMt It b liJtrlor to the ftveng* quality of tv«teni tapplled to 

3. Thftt Itt 1ur«rlcrity aft « lupply for donmUc aj« uiMft chiefly from ati ejEcit or 

a, Thdt ffirtn wrheo taken above the reach of poUuUoD from the lewi^re of the onetro- 
IiolU It containi an excoit, v»yl»i; nrUh the fteatoi]* of tntmal atid regettble matter. 

4. That allhougb tills Utter couse of inferiority mmj h* In part rtmwi^ or corrr<le-d 
by filtratloo, the exceaa of hardneai will tUU rtntalUi midertog thli water eepeclBiJIiy 
unfit for the foIlowiii({ ii«ea — noineir, for clcaDftlug the ikln and for ordiaary piarpo»eN uf 
waahJii^, by occ««tutUDK an eiceislre contum ptliin of toap) for tl^e preparation of t«a, 
hy occaiionlof wiite to the Uk« extent t Skad for all culinary proceiaca by dioilaUhJng 
theJr efficiency and iDcreneing their exji«n*e» 

5. That tbe quality ef the water in tbe Hrer Lea and of the New River la, la tbU 
rcapeet, no better (bati that of the Thamca water Uken beyond tb« tnJlueticc of tbe 
aewafe of the metropolli. 

G. That the water taken by the Lambeth Company ^om the Thaoiri opposite Hunger'^ 
ford.market la charged vrlvh animal and veipetebte ImpurUket, appKrentiy tbe effect of 
tbe dlacbarge of tewer water* which render It wholly unfit for use, anti highly dangeroua 
to tbe health of the peraonft irho drink It, 

7. That of the leren phucipal eompaolea by wbtch plfw water \M eoattytd to the 
metropoMa, four deijr«r ii without prevloua filtration. 

8. Ihat the defeet* In the quality of the water at jireieot tupplledt when collected lo 
Ita leaat objeciloaible cosdition. and the etlla arltiog from Itadiatrihutlon la tbe usfilte^d 
■tate, are all ng^rarnLed by the practice af lotermlttaut dlit^] button. 

U. That the practice of iDiertnUteDl dlatribuUon occaaiont^ In the caic of the Wflrr 
deacr)ptionof bauac*. the retention of tbe water In claterna and bults, aod In that of the 
poorest claaaea. In tube^^ initcher*^ and euch other veMcIa aa can be obtained ; and, us a 
coniequence of auch retention, the water Imbibe* toot and dirt, andabiorba the poll < vied 
air of the towu^ and of the ofTeoairely t-loae, crowded, and unbeallby locaUtlea and roooia 
In which the [Htof reaMe, 

10. That from the luterJority of the water at Ita aouroe aa at preaent collected, and 
from tbe addUlonal pollution and deterioration oceaaiatied by Ihtinodeof Itadittributloo, 
a targe proportitiii of tbe popalatloo la rendered averse to the dallr use of water nt a 
bererafc, and i« litcllned and almost forced lo tbe uae of fermented liquor* and ardent 
splrlta to an extent (really beyond the conaumpUon of each drinka wbeiv purer wuter 
la more accetaible, 

U. That the anouaJ cost of the construction and maintenance In repair of il^temi 
and their tupporta and connecrted apparaiiu In the houaea of tbe mldUle and we»ttbiedr 
elaiaca often exceed* the aonuxl water-rste. 

IV, The coat of the pipe water supply And th« additional ex peofg and facnnTenlence 
reaalting frt>in tbe prrt«ntmodenf it* distribution cauae the populsiluu iDsometaburbun 
districts to resort Ur waur to open ditches, and In other crukvdid JocilHici to shallow 
sprlngi or wells ^ sources wblcrb are subject to lacreaslng pollution from cesspools, frum 
badly constructed bnuse draltia and tewers, aod from orercrowded gmv^eyarda. 

ItSf. That the localiiat^on sod Intensity of eholeia In auch iltttriL-tii »u those alluded to 
were promoted In a moit marked manner by the u*e of water contalolng decompoaiof 
animal and regetftble matter derived from sewers, dralua. and other Impure aources^ 

14. That the dlatricts most severely visited by epidemic cholera, as well as thoise 
•fflScted by ordinary epidemic dlaeaiet, are iow-lylng dlatrlcU wbertr, from the defective 

and of putrid decQirpusKiong. anJthat 



slate of the dralnaite, there la an exceat of 
auch exceai of damp is aggravated by the 



ol iraler attenilant on the intermlttei:t 



mode of supply j a waste which appear* to exceed the whole of tbe annual ralnfail oa 
the InbabltM area of the metropoUi. 

Conttant Supply Sytiem, 

Many practical dlfficultiea having been urged against tbe substitution of the constant 
for the lotetiTilUeot sytlem of water supply lo the metropolis, we hare parLJcularly 
examined into the working of the consUnt tyttem of towna where it Is established, and 
In sonic of wbkb It bas been In operation for 15 and 20 yean, and we find— 

16, That the waste of water is so far lca«, loetead of greatar, under the lyttem of 
constant suppty, that altbouih the Inhabitants have nnUmltnl command of water^ and 
nae what they plesae, though the sctual use of water by the Inhabitanu Is greater, the 
quantity delivered by the eompsnlea la less, frequently tea* by one-half, la coaaeqaenc« 
of there being less waste frooi tbe more perfhLt delivery. 

16. That the wati^r, under the ayatem ol conatant stippiy, is delivered purer ani 
freaher. of a lower ternperature In aummer, and that It la leaa subject to froat in winter, 

17. That Ihe inconvenience apprehended from the interruptloa uf aupply durlnjr 
repair* and altemilous, are never experienced, the work being executetl untfer auch 
»:«pje precautiuos that no complaint haaever been known to have been made on ihLa 
account. 

la. That the tnterraptlona of aupply, wblcb arc «o conatanUy experienced on the 
intermittent system from ibe waste In the lower dlatrlcta, from the neglect of turncocks, 
from limltaliou of quandtyt from inadequate or leaky butta and cisterns, or from 
deranged ballcocks, are scarcely ever known on the conatant ayatem. 

m. That the syi^tem of conatdut supply admlu of great economy in pipes, a* they 
n-ay, under that ayslem, for the most part, be cooaiderxbly smaller, and. not being subject 
to the violent bydrnulic jcrkt of ihe Intermittent systetn, are leas lialiie to burst. 

20. That the pipes for the house strvice may not only be considerably amaller and 
theaper, bnt that the ctsterni and apparatus connected therewith, whitb, In tbe sroalleT 
ilsaa of houses, ni>w cost more than the whole public portion of the worka» may b« 
entirely disptukcd ^llh. 

Quant iiy requmie. 

In rtipect lo the quantity of water actually auppMed, and to the quanltty needed for 
tbe dnmettic use of the metsopollLan population, and for other purposes, we have to 
f f purl— 

ThHtlr. corif quence of itatementj made by several of the companies of tbe qusntlite* 
of water which they pumped for tbe use of the metropolis, quantltlea which appeared 
to be iPComiUtent with tbe known habtu of the popnlalion and tbe sppartnt amount of 
water conaumerl for domestic purpoao*, ive deemed It detirabls to cause the conJiumptloo 
o^ water In ritffi'rent dlatrlcta, by different clatae* of the population, to be gauged from 
ti e cisterns aod butts, and also the rtia throu|b bQuac^draiu an4 aewcra on day* when 
tl>rre tea* no ralntaiU 

From Uieee ohaervatlons It appears^ 

21. That, whereas it was raturoed. In 1833, that tfaeaveraga qoaoUty of water delivered 
' to tbelf rtfpecUvt ciistoroert by tbe several compxide* was 220 gallons per house or 



dwrlKog— and more reccDtly, aa returned to ua, mta suicd to be 1S4 g^lkroa per boMi 
or dwi'Ulng— that is, 44.000,000 gallons per dlam for the whole of the meiropaQa^ 
makiag alL«wance* for a eonslderable and Injuriou* waste of water by permeatloD toraogk 
badly constructed channels, the rasulls of the gauglngs of tbe mn of water Ihrouf h dniu 
and sewers, on day* when there Is no rainfall, da not appear materially to differ from ilia 
Later statemetit* of the several companies as to the quantity of water which Is actus] ly 
pumped Into thslr teversl dtatrkta ^ while from the gaoging* of the qoantltlea o( wster 
coosomed from datems aod Imtu during tbe tntenrals of the IntermUtent delivery, aod 
from the cepaeily of the ptorafe receptacles tb«imielves, it appear* tb«t the average dolly 
consumption does not exceed five galloDs per bead on the population, aod that, with sU 
allowance* for the quantltlea used for manufactuft*, steam -eoglnaa, and other uurpoaea, 
the gross quantity consnsned doe* not exceed one-half of tbe {Quantity delivered. 

'J2^ Thai this waste Is a consequence of the preaent Intermittent mode bf supply, and 
doca i»ot take place to any such extent where the cooataot syttecn of aupfkly haa bean 
substituted, and probably may he pr«vent«d ailmiber where the hoote acrrke* pipe* an 
properly provided and arranged under a system of csm blued work*. 

23. Tbst this waste, aa now ascertained by ofleltl InTeatigatlon^ appeara bn hare fOiM 
on wlthotit any knowledge of Itt great amosnt on the part of thecooip«unle««altliovf b U 
Involves a double espenaa of pumping, and exceeds, as above-atated, the whole of tLe 

inual roliifisll on the covered area of tlie metropolis. 



24. That this waste is of no equivalent benefit for the cleansing of bouse 1 
sewera, iuaamuch aa, from tbe ioaptiiude of these works, owing to their bad co 
for the discharge of water conUilning matter In saspcnsion. aci:umulationsof decoinjioalnig 
matter* do take plsce in tbem to the great Injury of tbe pobUc health j accumulatuins 
which, notwithstanding the fluw of the waste water through tbem, require to he cleared 
away by bajid labour, flushing, or byothfr means. 

24. That the waate water, having sewer matter mixed op with It, permeates thrcmgh 
the brtck drain* and aesrera, saturates Uie sites of houses wiiti poltuted water, and keep* 
up aa exceai of moisture which, rising Into tbe porous aud absorbent walls and pUaU r 
of tbe honaas, eootribates lo render them damp even In the driest weatbrr, 

215, That this excess of moisture is iggravated by the extremely defective dralna^je In 
tbe low-lying and wortucondliloned districts, where, a* has been alrea^ly stated, eptdemk 
disease Is almost Invariabiy prrsent, and where the recent TlsltaUon of epidemic cholera 
ha* been the most severe. 

27. That, taking Into consideration the actual domestic coneniaptloQ of water by the 
popmUtion of the metropolis, regarding also the extent of the tncreaaed auppltea needed 
for U*m valiant purposes of sonitary improvement not hitherto couteuiplated by companies, 
Bor Included in new schemes, all tbe engineering estimates put foiward by private 
oooapanies crf the quanlityof water required for the service of the populaiioD, appear bo 
be greatly In exceas. 

28. That there appear* to he no probable demand for a general average cooaumptlon of 
water exceeding the present rale for houjca of tbe higher claaa— nsmely, about 7S 
galiona per house per diem s or, la alt, '.'2,tHMi,oOO of gallons per diem. Inclualve of the 
Increased supply which will be necessary on tlie abolition of cesspools; aod that, rati. 
mating the additional requlremeota for batbs^ for street-cleansing, for large conaum<er«, 
for fires, and ibr other purposes, the whole quonUty of wnier needed under an Impiuvcd 
system of dtstrihutlon does nut exceed 4O,0O4p0CHi of galluns per diem. 

2".^. That It appears that the resolutions of parcM^hial meetings and the atatementa O'f 
the promoters of new compaole*, alleKlng a deficiency in the total amouni of water 
already introduced, and propoalng to bring In addlilonsl supplies, have bceen made ia 
Ignorance af the actual present domestic? coniumprlon of the population, and of what la 
really needed, according to tbe best iufunnatkin, for the execution of practical incaattrtt 
of aaiiltary lmpr«vemeot, 

^. That the several schemes which propose to bring In more water in additfoD to the 
quantity now wasted, and to sake suuh additions mainly from tbe same aourrea which 
supply the water n'W generally consumed, without reference to improvement* in the 
system of domestic dlatribuUoD. and H^mLDUt combtnatlon with Improves! drainage. worka 
for the removal of tbe waste water, would aggravate the existing aauitiiry cell*, and 
increase tbe excessive charges already Incurred for the defective work/ coostniclad la 
ignorance. 

Flu thing Syttem, 

Having partlculsrlyexafBloed the statements as to the Increased qua ntit lea of viler 
required for tbe fiushing of drains and s«w*rs, and the worldog of an Improved system 
of drainage, we find— 

itl That upon a system of drainage snch as that at preaent In use, consisting of bftck 
house' drain* aod sewers, which cause acrumutations of decomposing drposTis, tbtft 
would be requlretf, for the intermittent reuioval of thote occumulatlona by Awahlfig, «< 
alderable additions to the present qunnltties of pipe water pomped in for the aupp'f 
the metropolis, but that any aystem of house or main drainage whkb occaaiana | 
accumulation of decomposing refuse* and renders necesaary the contlnuarce of 1 
practice of Intermittent flushing, Is in Itself highly lojuriotta to the public health, 
ought to be pi even ted. 

US, That recent trial work* have placed beyond doubt the son ndness of the eonclnii 
of the MetrtjpciMtnn Sanitary Commlsstonsrs— uanaely, that s^itfrnatlcally xjiju^ 
tubular bouse drains and ftewers are kfpt clear of deposit by tb*» fone of the sol|| 
sewer water alone, when conducted away at proper ieveti j and thai no oddiUoa of 1 
la required for thl* purpeae. 

Seufera^e qf the Meirepelk. 

with refefence to those extenalve districts of the metropofli the level* of which >re 
below high-water mark^ where the aewer water Is at presmt p«>nned up until It can be 
discharged at low water, and where putrefying deposit Is accumulated In the aewrr* lo 
consequence of the flow being arrested during high water, it appears— 

AS. That it will require no addltinn cif water,, and certainly no Increased expcnae la 
pumping, to cause such a continuous flow of the waste water as will prevetit deposit; a|^^H 
that tbla prevention of deposit ta the true objrct to be aimed at, and not the inppl^^H 
addiHonal quantities of water to remove, by flushing, deposit which oagbt not to ha^^| 
been allowed to sccumulate. ^^^^ 

34 That besides the great Injtiry to the public health from the ponding up of aevrr 
water aod the lansrquent conversion of large expansive aewcrs snd reservolra into cat- 
tended cesspools 4 and, besides the waste of water and the expense ef pumping H Into 
the district for <hc removal of accumulations, the Intermittent system of drtlnlng the 
district* below high water mark by gniTltiailon, without tbe aid of pampkng fu>r their 
relief, mast Tieresaltoie tlie contlaned pollution of th* Thames, and obatrud ar dataf 
Ihe application of the refuse as mauure. 

35. That, except io extreme cases of absolute dificlency, the pumping in of adt^klorwl 
aupplica of water, be/ore properly cons tructcd house drains are laid down far Ita remiovai, 
would, by Increasing dump, still further deteriorate the sanitary condition of the popu- 
laiioo, and occasion atlti gieattfr dllapldalloDS and Injury to tenement*. 

.Hflf. That tbe separ^itiou of works of pipewster supply from those for the remnirsl ftf 
waste water occaslona delay In tbe execution of works of primary Impottaoce for sani- 
tary improvamenta, a* well ai lacreoaed expense, 

'j7, '1 bat It appear* that while the expense of sewers and dralni li -"" '-" ^y i 
proved tubular system 01 drainage, the exprrse of earth.work, 01 
good, is one half of the total expense, ami ibst. ihcrefore, the §*y 
waleranams and drainage mains must frequently cause this last porttun ui u»e rxp 
be Toalerialiy Increased. 

Mi. That on these grounds, and on the principles already recognised, the only way of 
aecuriuK aystemallc works with ecoBomy and eOlciencyi aa well «l* wllb lb* leaat det| 
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«IU bt to coMoH^Blt and*r one and the sAfoe pablle mana^mcBt, the wholt works for 
tha mplT of water* mod (or the drainage of the metropolis. 

W. Thai U is eMtnllal to the economy and eiBciency of all auch works that the whole 
aMilbiitoryappwabii,tnalla8 well aa large, aervice pipes, and house drains, tovethcr 
vftli watcraisiBS. pobUc draius, and sewers, should be laid down nnder one syatem, and 
kept In BCtioa aoder oat anperrlsion. 

49. That it appeals from the eiamlnatlon of Improred works which have been In 
opsntioa Ibr a safBetaat Itntth of time to test their eAdcncy. and from detailed eatl- 
isslsa aiado by dlflbreat competent engineering oScers upon boase>to.house examlna. 
doas of ths worse conditioned districts, that combined works, comprising a water pipe 
fartlia airrlca of each boost, a sink, a drain, a waste pipe, and a solUpan or waierck>a»t 
spparatns. auf bt laid down and maintained in action at a cost not exceeding, on the 
a r iisg s, 1^4. per week, or lets than half the arerage expense of cleansing the cesspool fur 
tav m«la ttntsmt. 

41. That th« general snrrty being now sufBctently advanced, snch works may be 
t awiBtad ItaraapBiatt dfaitricta, without waiting fur tht completion of any general meaanre 
trpiaBaf asainatvsrs. 

Pr99iti0H for Supply. 

Vcoaaldtred the evidence In relation to the qualities of the water requisite for 
f of Ihe metropolis, we And:— 

', in sddlUon to the properties of clearness and fireedem from animal and rege- 
tf which leapt to pass into decompoaltlou and to prove Injurious to health, 
OBt of tba BMiat Mscsttal pn>pertles of wster Is softness, or freedom from lime and other 
■ihaiBiiiia prodnetlve of what Is termed hardness. 

48. That, harlag made carefiil and vzlenaire inqniriea, with the aM of the department 
of ttao Ordaaaet gccdogical sanrer, aa to the moat sniuble sources of supply, harlng had 
ttiit dbtrlela which appeared to be the most eligible specially examined by our engineer. 
ia§ iawe c tora, wMl other idd, wt find, upon iheir unanimous testimony, that from ~ 
" etofapwanli "" * ' " • "' 
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, lof IMsqoare sslles of gathering ground* there Is derivable a supply 

maiif dooMo tht prtscnt sctnal domestic consumption, of a quality varylni? from one* 
tenth to ono-lhird the h a r dnes s of Thames wat^r, and of a purity equalling the general 
I of tht Issprortd soft-water supplies of the dlstricU which hare yet been brought 



44. That water obtabMd from slUdons sands, such as those which cover the tract abort 
dtacflbad. la prartd to be of a qnaUty only equalled in excellence by the water derived 
i l roBS iDmintMn granite rocks, or slate rocks, or other surfaces of the primitive 



4ft. That npon tht estiaiates which have been obtained, this water may be brought to 
the BHtropolls and delivered pure and Altered Into euch house un the sy«tem of consUnt 
tapplyatlklffhprtaBarc,and, at the aame time, un the plan of combined worka, tht 
waait wster may bt remorcd by a proper system of drainage, at a rate not exceeding an 
avsrsft of 8d. or 4d per week per nouse, or from 30 to 50 per cent, less than the present 
charges fbr dcftctlvt wster supply slone. 

4S. That tht ssving of soap, nt>m the use of soft water In the operation of wavhing 
(the capenst of w«shlng linen and other cloihca being estimated at an average of 1«. per 
Bcadpcrwstkto bt nearly ft.OOO.OOOt. per annum on the population of the metropolis) 
woofd bt probably eqnlralent to the whole of the money expended at present In the 
wster sapplv. 

47. That tDt saving in tea from ths use of soft water may be estimated at about one- 
third of the tea cooaumed In tlie metropolis. 

43. That other culinary operations would be much facilitated by the use of soft water. 

40. That soft water is peculiarly suitable for baths, aa well aa for washing. 

10. That soft water would prevent those incrustations and deposits in boilers snd pipes 
whidi render hard water onsnltsbls for msnnfkcturtng purposes. 

Reeommendaiiotu of the Commiaion, 

Wt tbtrsfore adrlst tht n>)tctlon of aU ths schemes promoted by water companies, or 
by parodiial vestries snd associations, which sdopt, as sources of supply, th 2 Thames 
SM its tributaries of ths same degree of hardness, wells, and springs from the chalk or 
other foraatloos which Impart the quality of hardueas. 

And fbrther, whilst we believe that Thames water taken up beyond the Influence of 
the aetfopolitan drainage, and Altered, may be used without Ininry to the public health, 
aad ssay bt tmpkryed temporsrily until other sources can be laid under contribution, wt 
sdvlst that Thames water, aad other water of like quality as to hardneaa, be as early 
ss practicable abandoned. 

In respect to tht existing compsnles which hsve no property in any of the sources of 
wsttr supply, bnt whost capital is Invested In engines and dlstributory apparatua. we 
ncoBmcod that their planta should be purchased, bta we are not prepared to recom- 
nuod any prs-appointed terms of purchase; and we And— 

ftl. ThiOpir the management of the water aupply be c<>n9olidated, Ave if not six out 
of tht seven principal pumping establlahments may be iliscontlnued, and an expenditure 
of from 60,0001. to lOO.OOOt. per annum saved by consolidating the management of these 
works and conacctliig them with combined works of drainage and sewerage, and that fur- 
ther reductions msy oe msde In the expenses of these latter ekiablishments. 

Having omskiered, ss required under the Metropoliun Sanitary Commlulon, the 
isesns of supplying water to extinguish Ares, and having examined the practical experi* 
cnee of Improved works in relations thereto in other tuwus, we find— 

62. That the loadequacy of the auppUes of water under the intermittent system occa- 
I g;rtat danger to life and property, bnt that liy arrangementa which are practirabte 
~T a system of constant aupply at high pressure, the whulc force of the water lu the 
I may bt brought to bear at any point for extinguishing Are in from one to five 
minutes, or In shout one-fourth the time that It Ukes the best sppolnted Are.englnes 
BOW to gain the spot and bs In action after the alarm of Are has been given. 

S3. That, Judging from the experience of various places where Improved arrangements 
have been put In practice, it appears that by the general adoption of these arrangementa 
noro than two-thlrda of the Area which now occur In the metropolis may be extinguished 
before any extensive damafs takea place. 

64. That the insaranct risks on life and property may be diminished In a yet greate' 
proportloo. 

ra. That tht crime of Incendiarism may be checked, and that these consequences 
slone, wert thero no other advantages to be obtained, would render it worth while to 
aisks tbt chsngt from the intermittent to the constat; t system. 

56. Thst these advantages may be best given by the same means by which a more 
pcrfMt aad cheaper surface clesnsfngof courts, alleys, foot-pavemenu, and carriage-ways 
thaa that by hand may be effected— namely, by JeU of water distributed under high 



Propoted Plan for the Metropolit. 

Having conshtered the most eligible admlnlstrstlve provisions for the execution of the 
feqnirad works, wt concur in the principles recommended by the commission of inquiry 
as to tht btst mesne of Improving the health of tuwos, and coaflrmed by Parliament In 
the PnbUc Health Act, vis. :^ 

17. That tlio works of water supply, snd those for drainage, or the removal of aoll or 
waste wattr, sbonkl bt csrried Into effect by one and the same administrative body. 

16. Botthattbcmsgnitudtof tht metropolis, the diversity of its locsl Jurisdictions, 
and its portion osthe seat of government, and the occaalonal residence of persons ftom 
sll parts of the empire, the large minorities requiring protection, and the unaccustomed 
" ^1 of tht requisite outlay, render dlatlnct and special provisions neccsssry for it, 



and thst the amendastnts required may be most speedily, safely, and coonomlcslly 
executed by speclsl or by provlalonal arrangemenU. 

5'J. That a general survey under the direction of tht engineers of the Board of Ord- 
nance, and other surveys, trial works, aad pieparatlons esscntlsl to the safe aad ccoao- 
mlcal executions of combined works of water supply having been completed, under tht 
direction of the consolidated Metropolitan Sewers Commission, snch combined works 
may now be executed and maintained at a lower rate of charge per bonst *>«*t« km htro* 
tofore been Incurred for any of their varions branches exccutM separately. 

GO. That the initiation and executive direction of such worka by members, however 
hlvhly qualified, giring caanal attendance at meetings hehl wtelrtT or fortnightly, esoses 
grievous delay, and that in eases which mtasnns fbr prerentlnt disesse or srrestlnff ite 
progress require the utmost promptitude. 

61. That, considering the great loss and suiTering Incurred by the deUy In carrying the 
required worka into execution. It will be expedient to confide their further preparation 
and superintendence to a fvw competent and risponsibls officers, of whom a ctitsin 
portion should be paid, giving their wholt time and attention to the aubject. That the 
nhuSe of these worka be carried into execution by contract npon open tenders, not 
merely for the constructkm tf the works, but for msinraining them In good action and 
rrpalr for terma of yean. 

62, That ths meana provided by tht Public Health Act for giving publicity to plans 
and estimates of intended works, with opportunities of suggestion and appeal, be 
extended to the worka pr o poee d for the aanitary Improvement of the metropolis. 

C-l. That the proper execution of the works will be best guaranteed, the responslUhcy 
of the persons charged with their execution beat inanred, and the interest of the pooraat 
clanses of the populstion (ths Inhabltante of the most depressed districts, who, thoagh 
they pay no direct local rates, pay heavy rente), will be best guarded In the special cast 
of the metropolis, st all evente provlalonally, by the direct control of I^ltomsnt i the 
importance of the propoeed meaaures to the health, convenience, and comfort of larfs 
m.isses of the population, the magnitude of the required couatroctlona, the amount of 
outlay, and the dangere of failure and waate aa well as delay being, fWim experience of 
separate worka already constmcted, snch ss to render It necessary that the highest order 
of continued and undivided sttention and responsibility should be sscured for tht 
execution of such works ss this Beport recommends. 



* Tht district from which the proposed supply is to bt taken Is Bsgshot Heath. 



ROYAL SCOTTISH SOCIETY OF ARTS. 
jipril 22.— Patrick Wilion, Esq., ia the Chair. 
The following commnnicationi were made :^ 

1, On a New Method qf inducing an upward Current in the Upcatt Shttft 
of Coal'Minett to promote Ventilation, Bj Mr. J. Sbton Ritchie, Edin- 
burgh. — The author adverted to the vast Dnmben, u workers, and depend- 
ants on them, interested in the adoption of means by which freedom from 
danger in coalmines maybe attained; then, mentioning the theories by 
which mine-explosions are accounted for, he noticed the numerons methods 
which hare been proposed for maintaining mines in a state of safety, and 
particularly the method in general use of inducing an upward current of the 
air of the mine by means of a fire at the lower part of the upcast shaft, that, 
as the provision of a separate shaft for the remoyal of the air of the mine 
is prevented by the great additional expense, even though mechanical ap- 
pliances may appear highly calculated to maintain a powerful and steady 
current, difficulty exists in their application, u interfering with the free 
working of the produce of the mine carried on by the upcast shaft, which 
is further increased in making provision for continiul reliance on them, 
as spare appliances would require to be provided. The author stated that 
the method now proposed is free from this obstacle. The current is induced 
by means of pipes heated by water drculating in them, fixed round the cir- 
cumference of the shaft in such manner within the line of it, u shall 
shield them from injury, leaving sufficient exposure of them to communicate 
their heat to the air in the shaft ; the furnaces for heating the circulating 
water being at the nearest convenient distance, at a considerably lower level 
than the orifice of the shaft, as on the depth at which they are placed will 
depend the perpendicular extent of the upper part of the shaft around which 
the pipes may be placed. Certainty of action could, with ordinary caution, be 
relied on, as, even if one of- the circulations ceased, from any cause, to act, 
the others would during that time continue in action. A similar applica- 
tion might also be made at the lower orifice of the shaft, and even extended 
in some measure to the workings ; or the fires now in use at the foot of the 
shaft might be retained, and the application alone made at the upper part 
in aid, to promote greater certainty and steadiness in the current. It was 
submitted that a similar application might be made of steam as of water. 
It was pointed out that the maintaining of the upward current in the shaft 
is bnt one section of the keeping the mine in a state of safety— that, though 
this will never be effected without a steady and powerful extracting current 
in the shaft, the latter will be of little avail, nnlcM accompanied by care- 
fully-laid-out air-courses throughout the mine itself, properly modified as 
the working advances, attention on the part of those appointed to open and 
close the doors which it becomes necessary to erect in them to direct the 
currents, and attention that that the building off of exhausted sections of 
the mine be as frequently as possible accomplished, that they may not 
Ijecome next to permanent reservoirs of noxious gases, ready to lend their 
aid to a general explosion. 

2. Detcription qfa Water-Meter. By Mr. F. A. Bucknall, New Swindon, 
Wilts. — The author stated that the object of this meter is the measurement 
of the supply of water to private dwellings, breweries, &c. It consists 
chiefly of a fan*shaped bucket-wheel, revolving within a cylindrical case, and 
kept water-tight by means of packing, made of India-rubber, leather, or 
other elutie substance, supply and delivery pipes, and wheel and pinion 
gear, which is connected with an index plate. The revolving action of the 
meter is maintained by the gravity of the wheel being constantly greater on 
the one side than on the other, owing to the continnous mnning off of the 
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water from the opposite tide to that at which the water ia supplied. The 
meter is only io action daring the time the water is ranoing off. 

3. DncHpthm qf a New Ufuor Pump, emkulated io prevent the Liquor 
from being amtaminaied with Verdigrit rnnd Oil m the interior (/ the 
Pump- Barret; aleo appUeabU to the Pumping qf Acidi. By Mr. Hat Dall, 
Glasgow.— The author stated the following u the disadvantages of the pre- 
sent system of pumping liquors — 1st, That each liquor requites a separate 
pump. 2nd. ThnC the liquor, in passing through the barrel of the pump, 
corrodes its interior, especially in the case of fermented liquors, thus pro- 
ducing conitant decay in the barrel and talfes, and also an accumulation of 
▼erdigris in brass pump-barrels, which, together with the oil or tallow used 
to lubricate the piston, is constantly mixing with and contaminating the 
liquor. The inventor stated that he ha^his attention frequently directed to 
the disgusting state of the interior of corroded pump-barrels which had 
b^n sent in for repair — that, generally, every crevice and corner of the 
piston and barrel where it eouM collect, was clogged with a poisonous and 
nauseous compound of stale beer and oily verdigris, ready to mix in greater 
or less quantity irith the next liquor that would pass through it. That in 
the new method one pump can be made to supply any number of liquors, 
while the liquor never gets into contact with the pomp-barrel. The pump 
is used solely as an air*pomp to withdraw the air from the interior of a scries 
of glats or eat then ware vessels, properly arranged, and made to communicate 
^ith the liquor casks by tubes immersed in the liquor. When the cocks 
are properly arranged, and the pump is worked, the liquor rises and fills the 
ressel, never having passed through the pump barrel at all, and when the 
vessel is full, the pumping is stopt, and the liquor ia run off into the vessels 
from which it is to be drunk, by a common cock. 



I.I8T OF MEinr PATSBTTB 

GRANTSo IN BNOLANo rmoM Mat 23, TO JUMB 20, 1850. 
Six Montkt o th w ed ftfr Enrolment, wUeee otherwiee expreeeed. 

wmiam Rodley, ebemieal wfinssr, and IMbriek Mejtr, ofl merrhant, both of 
Lambeth. Surrey, for improreaMoti Id traatlng fatly olaafinoiM reainno*, bituniiiu>u«. and 
cerout bodies, in the maoaAu:tura tnd appllcatloa of Ihrai, and of their componer.ta and 
lubfidiary product*, tofalhtr with tha apparatus to be amplogred than-in to new and other 
useful purpoKOs.— May SS. 

Edwin PetUtt, of Birmingham, dril engineer, Ibr Improvemaots In tha manufSetort of 

. [lass, in llie method of formJof or i" ' 

and In the construcilon of taraaeet 

John Uickman, ot Wi 



glass, in the method of formJof or shaping and ornaoieDtinf Tcarels and arUclaa of glam. 
„. ._ .w * of ftumaeet and I - — — - 

'alsaU. I 
ejliridricaj^ and other tubea^--kaj Sft. 



annaallng kUna.— May SA, 
Btafltard, elrrk, for Imptovementa In the mannfactnre of 



AltTed Vincent Newton, of Ghanoary-lana, nMchaateal drsughtsman, for Improrements 
In couplings for oarriagas, aod in tha attachment of wheek to axlea. (▲ oommunica- 
tion.)<-Ma7 28. 

Jumps Akhwovth. of Bochdato, Laneaatar, maanlhetarer, and Thomas MltcheH, of tha 
snmo place, manager, for eartaia Imptovements In machinery or apparatus for praparing. 
splnninjc. ond weaving OLtton, wool, and other flbrout materials.— May 99. 

Jonutlian Harlow, of Btrmhtf ham, for ImproTements in tha manufoetoiv of badsteads 
and other arUelvs for sitUag orNcliailMon^May SO. 

*.'''**^^,Il''.'^*" •'***'y ^^*^ ^ «*»• ««y** ^'^ Quarries, Bryntrafood, near Bangor, 
>orth Wales, for improiremaots in tha manufaetuia of sinks and other artielci of slate 
or Mone.— MsyaO. 

Thomas Psge, of Middle Seotland-yard, Middlesex, elvil aafinccr, for improrements 
InSthe construction and means of daanaing sewers.— June 1. 

Kzra Jenks Ooatai^ of Bnad-strcat, Cheapsldt, LomIos, aserehaat, for improrements 
In iho manufacture of bolts, splkas, and nails.— June I. 

Moses Poole, of tha Patent Bill (MBca, London, gentleman, for improrements in ma- 
chinery for punching aoetali, and in the construcdoa of springs for carriages and other 
n«e«.— June 1. ^ 

Arthur EUiott, machine maker, of Manchester, and Henry Hays, of tha same plaoa. 
book-keeiKsr, for certain Improvemeiils in machinery for maaufoctnring worea fabrica^ 
June 1. 

Ouillsume Ferdinand de Douhet, of Clermont Ferrand, France^ gvnUeman, for im- 
proviments in the disoxyganation of cartaln bodies, and tha application, separately or 
simultaneously, of Uie producta therefrom to various asefol purpoaes.— June 1. 

Frank Clarke HiUs and George HlUa, of Deptford, Kent, manufacturing chemists, for 
CHTtain improvements in manufacturlhg and refining sugar.— June I. 

Sumuel Brown, of Lambeth, Surrey, engineer, for Improvements la engines for me*. 
suriiig and registering the flow of fluids and subetaaces In a fluid state, which 
ImiTovements are also applicable to steam and other motive englnea —June 1. 

John Tucker, of the Royal Dockyard, Woolwich, Kent, shipwright, for improvemenU 
in Moam boUera, and in gearing, cleansing, and propelling vesaels. (▲ communicaUon.) 
—June I. ' 

i^forgeUaywardFbrd,of8t.Martia's.le.OraBd, Middleasz, geaUemaa, for Impttyve- 
mriiln in obtaining po«er.— Juae S. 

I*aul d'AnRcly. of Paris, Prance, gentleman, for certain fanprovementi in the coostme- 
tUn of privies and urinals, and in apparmtua and SMcfalaery for cleansing privies 
teM|KM>l9, and ether idaoea, and in deodorising the matter extracted therefrom, aad 



reiiiiiTinft it nvailal>le Air agricultural purposea.-^uae 4. 

" Jk Napier, of the Tork-road, Lambeth, Sumy, 

H.suwvu w. uMiwoveBMBta *" —.—.—.—- «— »i — ^ .M - 

oili'T inHtti IS. — Jun* 4, 

Thf'idorc Cartali. of Manchester, merchant, for certain I m p r aveawats ia the tieatmeat 
or pii pamtion of )ams, or threads, for weaving. (▲ commuBloiilSB.>-^uae 4. 

U iiijuui Watson, the younger, of Chapel AUertoa, York, awanfactaring ehemIsC, for 
lvi;iniv« uii nrs in the preparation aad nianufoctura of varlmia ■mlarlala lo be aaad la the 
p:i>c*sM>s of dyeing, piluUae, and colouring June 4. 

JohnK>kes«nd /" - -^^ . .. - r» . 
and macliinc make 
and similar fibrous i ^ ^ ^_ 

Kdifiund Sharps, of Laacaaier, mas^r ^f arts, for^ otrtala' 
carriaKes.— June 6. 

. for Improve m e nts apall- 

., . . , ^ ^ -^^liaiwes to the fcal--(A eossawaie*. 

tioa )— July 0. ^ 



l>M».d Xii|»ier and James Murdoch 

enkn'ers, for their InvanUon of improvamanto ia apparataa for separaUag fluid from 



IS and Adam Ogden. botli of Dock street, Haddetsfleld, York, wool etauieis 
i makers for cerUin improvements la machlaery for deaalag wool, eotioa, 
fibrous substances from burrs, morea, and other extraaaoaa asatler.— June 4. 
(harpe, of Laacaaier, mas^r of arts, for eertafas iBsproTcmaats ia raUway 
I una 6. ^ 

WilJIam Edward Newton, of Chaacery-laae, civil 
cable IO boots, shoes, aad other ooveriiifs Ur, or appU 



George Jackson, of BelfofC, Iralaad, flax-sptauer, 
chinery. — June 8. 

John McNiooU, of Liverpool, engineer, for im pro v e meois 
and conveying weights.— June 0. 

WlUlam BobartaoB, of Oatesida-hill, Nellstone, Bealrew, Wcwtlaad, asaehlBe maker, 
for improvemenit in certain machinery used for spiaaiaf aad doohllaf eoOoa* aad other 
flbrcMS substaocead— ^une 6. 

Jamea Alexander Hamlltoa Bell, New York, America, warehsat, for fwprofaenls la 
dressing bran, poUard, and aharpa. (A communication.)— June f. 

A grant unio William George Blekaall, o« Essex-street Strand, aai James Beglaald 
Torin Graham, of the Grove, Olapham Commoa, ol ao aa t a asl oa for the term of six years 
of letters patent granted by his late Majesty King William IV., So MUee Berry, of Chan- 
cery-lane, patent agent, for certain improvemeats In nucfalaary or apparatna for deaa- 
ing, purifying, and drying, wheat or otlier grain or seeds.— June 7 

William Newton, of Chancery-lane, dvU engineer, tor certain 'aijirnTimimi in the 
manufacturo of eorda, ropaa, bauds, r.roag cloths, qtiUtiof, aacka^ rail rnishimw, and ia 
elastic material for siuflkigthe latter, ia which manuiacturo caoaiekoae faraw aa taaiintlsl 
logrsdient, and in the ai^icatlon of parts of tbsae improvementa la the saaaalkcmro of 
piida, stoppers, tubas, boxes, baskets, coveriogik wrapperii aad other lifca articlce of 
utility. (A communication).— Jane a. 

James Colmaa, of Stoke Mills, Stoke, near Norwich, Norfolk, auMlaid and starch 
msaufaeturer, for improvemeats ia the manulheturo of atardu— Jnae S. 

Peter Armand Leeomie de Fonminemureau, of Soath-atiaat, Fmshaiy, Loadoa, for 
certain Improvementa In oadUatlng engines put la motioa by sleam ami gas ia»ultlBg 
from combustiuo. (A communication).— June 8. 

Charlaa Warwick, of Chaapalda, warehouseman, for im p roftwe B is la apparataa for 
taking up the work of oertain descripUoas of knitting machinery. (▲ eomasaaicatloo)— 
June a. 

Peter Armand Lscomie de Fontainemoicau, of South street, nashaiy, for certain ioi- 
provemenu in the manufocturo of sulphate of soda, muri a t i c aad altrle aeida. (A com- 
munleatioa)^— June II. 

WUliam Edward Newton, of Chancery-lane, dril engineer, for faaproveBwata la 
machinery for carding cotton, wool, or other flbroua inantrials, aad an aiiuaniUia for 
preparing or setting the cards of carding englnea. (A commnnioatioo)— Jane II . 

William Jackaoo, of Klagston-upon-Uull, soap maker, for improvements a the man«. 
Ihcturo uf soap, and ia the pitparaUun of materials forthia parpose.— Jnne It. 

William Edward Newton, of Chancery-lane, dvii euglneer, for imprnTsmiats hi ratal j 
ea^acs. (A commaaicatioa)w— Juae 11. 

Robert WadiielU of Liverpool, Lancaster, engineer, for oartafai Inuaoiimeais in 
steam englnea. (A communication)— June II. 

Alexander Parkes, of Pembroy, Carmarthanshirs, experlmeatal dhaasis^ for Impiova- 
meau in smelUug aad treating oertain metals, and in the euostraction aad aaaauiactaro 
of fornacea and the m ate r i a l s to be used for the same, such fonaces and malariaia brin^ 
applicable to the treatment of metals and metallic oompoonds, aad lo »arioas etfaar asetol 
purposes of a like aatarow— June 11. 

WUliam Pole, uf Great George-street, Westmiaster, eaglneer, aad David Thomaoa, of 
Belgrave-road, Plailico, eaglaeer, far linpcovements in steam anginei. Jnae II. 

John Henry Tries, Bsq^ of ^orloIk- street. Strand, M i ddlese i , far improvencatt la 
working engines by atmospheric air.— June 11. 

James Palmer Budd, of the Ystalyfera Iroa Works, Swansea, nercbaat, for Improve- 
ments in the manufacturo of ooke«— June 1 1. 

John Dearoian Dunnleliff, of Hyson Green, Nottingham, laee maaufodnrer, aad 
John Woodhouse Bagley, ef Bedford, in the said county, lacs maker, for eertaJo im- 
provements In lace aud other weaving.-^une 11. 

Samuel Ellis, of Salford, engineer, for Improrements In machlaery or apparatoa appli- 
cable to all kinds of carriagea used on railways.— June 11. 

Frederick Albert GaUy, uf Accriogton, Lancaster, manufodnriag chemist, for a certain 
process or certain proeesaes tor obuiniog a carbonate of soda aad earbuaate of potash.— 
June 11. 

William Cox, of the firm of William Cox aad Co., of Maneheeter, dgar merehaat, for 
certain Improvementa in machinery or ^iparatiu toe aMaafoctariiif aerated waidra, or 
other such liquids.— June 11. 

John SMebettom, of Bniadbotlem, Chester, maaafodarer, for ImproveaieBts la inftwi-t 
for weaving.— June 11. 

William Mae Lardy, of Maachester, machinist, for certain faaert w re m eats in machlaerr 
or apparatus for prqiaring and flaiahlng, and doubling ootlon aad other flbroua mater tale. 
—June IS. 

Alfred Tlnceat Newton, of Chaacery-laBe, Middlesex, me^anieal drau^Usmaa, foe 
improvements la the productioa of gases to he used for lightlag, heating, and moUve 
power purposes. (A eommunlcatlon).— June IS. 

Gusuvus Palmer Harding, of Bartlett's-buUdlngs, Loadoa, artUldal florist, for Im- 
provements In the mannfoctoro of buttona and other fosteoIagB.— Jane it. 

Thomas Deakla, of Baladl Heath, Worcester, Esq., for eertaia Improvemeats In ma- 
chinery and apparatas to be used la rolling metals and la the mandfactnro of metal 
tubes — June IS. 

Jdin Stopporton, of the Isle of Man, easlaeer, for eertaia ImprovemenU la propelling 
vessels.— Jaae It. 

William Edward Newtoa. of Chaacery-laae^ dril engiaeer, for certain Improrements 
In the constraction of railwsys. (A communication.)— June 18. 

George Allen Ereritt, of ttie Arm of Allen, Breritt, and Boa, of the Kingston Met«I 

Works, Blrmlni^iam, metal and tube manufacturers, and George Olytton, ' ~ 

aforesaid, engineer and foraaun tethe 
menta fai the maaalhoturo of m«tal i 
June 18. 

John Manly, Jaa., of Blrmlagham, mannlkcturer, for eertaia improrements la the 
manufacture of nails.^aBe 18. 

Charles Lamport, of Wortriugton, Cumberiand, shIp-buUder, for eertaln improrements 
in machinery or apparatua for lilUng and moving weights, working diaimi, asd pumintitf 
which improrements aro aMwe especially adapted to ship use —June 10. 

Charts Greenway, of Green-streel, OrosveM>r.squan', Middlesei, for Improtemenls 
in ships' and other pumpa,in anchors, and In propdilng vessels.— June 10. 

Benjamin Chererton, of Camdeo-street, Camden-town, Middlesex, anlst, f6r methods 
of Iniitatitig Ivory aad booew— June 10. 

Charies Hanson, ef Stepney, Middlesex, engineer, for eertaia Imprornnent^ in stioom- 
englne, steam- boUan, aad safety ralres, and In apparatas and machinery lor prouvllinr 
resaels.— Jane 10 * 

Isaac Hartas, of Wretton Halt, York, fkrmer, for haproremcats In machinery for 
obtaining inotire power. (A communication.)— June 10. 

Bobart Heath, af Manchester, Iron merchant, and Bichard Hendley Thomas, of Wool- 
styion. Stafford, engineer, f«r oertahi improrements in the manufacturo of Iron.— 
Jifoe 10. 

£ih«n Baldwin, of PlilladelHila, Penn«ylranla, United Stales of America, for a a^w 
and useful method of generating and applying steam in propdilng Vessels, locomoUvo. 
and stationary machinery.— June 10. 

Bobart Wear*, of Ansd-court, Throgmoflo n st ree t , elodc aiH watch manufacturer for 
oertain ImiirorenMats la tha BMans and apparatas fbr exUogulshing Are, and In galvknie 
batreriva.— June 10. 

Oeiirge Bobarts, of Tavistock, Deron, gentlemaa, far eertaia impreremeats In ohjcs 

mM »^at^w»m. ■.•MA IB " " 



i.ru> VI Aiiru, BTViaM, mm» fM^ vi UlV AingSHm SSei«l 

1 tube manufacturers, and George Olydon, of Birmingham 
I te the said Allen, Ereritt, and Son, for certain Improve- 
m«td tubes for fooomotive^ BMilne, and other boilers.— 



♦JJJP*^*'*^** l>«iiklr*, France, shipowner, for eertaia uaproremeats in propaUing 
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>RN BfAGAZINE AT NOVOGEORGIEV8K. 

{With an Engraving^ Plate IX.) 

of trade in Russian Poland is in the supply of wheat, as 
)wn to those accustomed to corn-law discussion, and it is 
t of that trade to be subject to very great fluctuations. 
Iiole of the exports Dantzic is the port, receiving the 
r the Vistula and its affluents, the Bug and the Narew, 
jrvests from Cracow to Thorn, and being the only place 
it. The trade at Dantzic is, to a great extent, carried 
Qgland, and by English houses, or with English means; 
ap years the Polish corn is bought up, and was formerly 
B granaries of Dantzic until a favourable state of the 
d duty here allowed of its shipment; but now that the 
estrictions are removed, cargoes are bought in Poland, 
loused here. However beneficial it is tu the English 
to buy in the cheapest market and sell in the dearest, 
I Polish landowner or tax-payer it is a matter of great 
Ad therefore of no less to the Russian government, 
hould not be forced, by his necessities, to sell at the 
ice to the English agents. The Emperor of Russia, 
is state of affairs into consideration, issued an edict. 
, that on various points of the Vistula magazines shall 
ihed, in which, during low prices of corn, everv one shall 
i to warehouse grain, and by means of the Polish Bank, 
nances, so as to be in a position to hold out until a better 
n be obtained. 

dance of this edict, a point was chosen at the junction of 
ible Narew with the Vistula, close to the fortress of New 
k, formerly called Modlin, and 22 miles from Warsaw. 
?ror directed that a magazine should be established there, 
louble purpose of being a corn warehouse to receive the 
f the Bu^, the Narew, and the Vistula, on the way to 
md of being a granary for the fortress of New Georgievsk, 
•ne of the largest garrisons in Europe. The execution 
oject was put under the direction of what is called the 
nk, an institution somewhat after the Birmingham model, 
oes paper money, and forms trading establishments, 
ich is an ironfoundry and factory. The building was 

serve the purposes of the Bank, by giving it a place of 
»r the crops on which advances were made. 

ace chosen is on a tongue of land between the rivers 

1 the right, and Vistula on the left; and which being 
the inundations of the two streams, is insulated during 

bhe year. On the right bank of the Narew is the town 
1 and citadel of New Georgievsk. Under its guns, in 
e of the waters, is the warehouse. On the left bank of 
ila, commanded bv the citadel and the warehouse, is a 
irork, to keep up the communications, 
rections of the Emperor were, that not only a warehouse 
built, but that its lower story should be bomb-proof, in 
t, and pierced with embrasures, to carry guns both on the 
le Vistula and the Narew. The architect charged with 
iion of the work was Mr. Jacob Gay, though of what 
i is we are unaware. 

nation, as we have intimated, is very low, with a slimy 
occasionally flooded by both rivers. It, therefore, became 
' to lay the foundations on firm pilework, the more parti- 
I they were to carry enclosure walls of unusual thickness, 
Jding of ^ye stories in height. Besides, it was necessary 
e an embankment on the Narew side, on which the Ware- 
ild be placed above the greatest rise of the water, which, 
iraa 23 feet. In order to provide against any further 
inary flood, and the upheaving of great blocks and flakes 
emulating in the neighbouring islands of the Vistula, it 
red that the lowest floor should be laid two feet above the 
irk of 1813. 

«t works began in 1835, and the driving of the piles and 
' the foundations was entrusted to Heer J. Singhels, an 
from Holland, then in the service of the Polish Bank. 
ti with a fascine-dam in the bed of the Narew, 20 feet from 
»f the foundation. The piles driven under the front walls 
I were 2800 in number, each 30 feet long and 10 inches 
ihod with iron. These works were carried out in the 
f 1836 and summer of 1837, at the time of the lowest 
hich varies very much in the Vistula, for though at some 
the year boats drawing more than two feet water cannot 
it, yet it will suddenly rise 20 foet. 
er to carry on the works as free from water as possible, 
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a 12-hor8e power steam-engine was set up, and kept pumping day 
and night, until the foundations were got six feet above the level 
of the water. In the month of March, 1837, the height of the 
foundations had reached 10 feet above the water level, when an 
unexpected flood, which rose 15 feet, burst into the works, and 
suspended them. On the waters falling, a fortnight after, it was 
found that the walls and arches of the foundations were in nowise 
injured, but that the chief mischief was in carrying off some of 
the materials prepared. In the autumn of 1837 the embankment 
and foundations were fully brought to an end. The whole em- 
bankment on the Narew side is faced with strong sandstone, from 
some very rich quarries lying on the Vistula, about 150 miles from 
Warsaw. This stone has been likewise much used in other parts 
of the construction. The smallest stone used for facing the 
embankment or retaining wall, is 8 feet long, 2 feet broad, and I A 
feet thick. The thickness of the walls behind the sandstone and 
the inner foundation are of mountain granite, with strong layers 
of hydraulic lime, and all hollows and interstices of the stone are 
filled in with broken granite and hydraulic lime. 

The inner foundation is carried on piers of granite and arches 
of brick set with hydraulic lime, and each pier is bonded with iron 
thrice in its height. All the foundations are filled-in with earth 
to the hei£;ht of the embankment, as cellar room is not wanted, 
and the w^ole space before the warehouse on the Vistula side is 
raised by filling to the same height as the quay wall on the Narew, 
and secured where it lies against the stream of the Vistula by a 
dam 200 rods long, constructed on the most approved plan of those 
in Holland. On the top of the basement wall, which batters, is a 
balcony of cast-iron, and on the wall are strong hooks for making 
fast barges and boats. 

The cost of the basement wall and tobankment was 23,000/. 
(155,000 silver roubles^, and in consequence of numberless unfore- 
seen difficulties, exceeaed the estimate by 9000/. In April, 1838, 
Mr. Gay began the building of the magazine, and having the ma- 
terials ready prepared, and the labour of 250 Russian masons, the 
vaiil ting-in ot the bomb-proof casemates was effected in the July 
following. 

In the same month the building was inspected bv the Emperor, 
and he gave permission for several deviations, which Mr. Gay's 
experience had pointed out. In November, 1838, the whole 
building was roofed-in, and most part of it covered with zinc 
against the approaching winter, so that in the ensuing year 
nothing was expected to be done but the completion of the roofing 
and the laying of the floors. In the course of 1838 they used up 
11,000,000 bricks, 60,000 cubic feet of sandstone, and above 30 jO 
logs, 40 feet long and 10 inches by 12. 

The preparation of these materials was attended with consider- 
able dimculty, as the neighbouring fortress was likewise in pro- 
gress, and for which 50,000,000 bricks were yearly required ; be- 
sides which, the site of the building was confined by the waters, 
and all the materials had to be raised from the river to a height of 
60 feet by slow and toilsome labour. Single blocks of sandstone 
for the vaulting of the gateways, for corner stones, and for 
the cornice on which the fourth and fifth floors rest, and which 
measured 30 or 40 cubic feet, were dragged up ftrom the barges in 
the Narew by the physical strength of the Russian masons. 

The progress of the works was slower in 1839, but on the IStli 
of July the building was near its completion, when the roofers, at 
a time when a gale was blowing, by some want of care, let red- 
hot coals fall on the woodwork of the roof, which catching, fire 
spread throughout the building, and in four hours all that was con- 
sumable was in ruins. On subsequent examination it was found that 
none of the walls of brickwork had lost any of their strengtli, 
although the beams which kept them together had been burnt 
througn. The bomb-proofs received no injury. The sandstone on 
the Vistula facade was the most affected. The whole cornice on 
which the overhanging upper floors rest was so much injured as to 
require many repairs. It was small consolation to the architect iu 
such vexation to find that the construction of his walls was good 
under an unexpected proof, but he had at least the comfort of 
being entrusted with the re-construction. 

In the re-construction, iron columns were in many cases intro- 
duced to carry the girders, and Mr. Gay found it necessary to 
remove many of the blocks in the cornice which had been injured 
by the fire. For this purpose a scaffolding -was put up, the injured 
stones taken out, and new ones put in. At last, these and the 
other works were carried out and completed; and the magazine, 
being filled with wheat, and the guns on the lower story being 
fired, the building was found to stand all tests, and it is said to 
have since remained in a good condition. In the summer of 1840 
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the com nipt tan w»s Atinounced, and the £niperor was shown over 
the buildincr. The whole co4*t, from the foundation ujiH-ardi, 
•ettin/yr aside damn^e from the fire, wa« 70,000/. (I.G.5,000 silver 
rouble*) and the excess (tvet the estimate was 4500/. (30,600 
folver roublef ), cauifid bj beavier wagei to labourers^ and riae in the 
price of mitterlaJa, 

In the middle of the building is a doorway and paesj^ge, which is 
likewise bomb-j»nnjf, snd whicJi reaches through two 8to*ie»^ as well 
as the ground -noor* In this ^{lin^way is a moveable grannry, the 
invention of M, Vulery of Pari!*, by which a thousand btishels of 
wheat are cleaned at once. From this dwirway, as well as from both 
others on the Narew suie, iron stairs reach to the river, for lading' 
and unlading from the bont^i. In thewindowsnnd on the floors strong 
craneJi are olneed* On the Vistula side is only one dfM»rwHy in the 
middle of the buildin)^, ha this (n «<le nuistituti*^ « bniten* to com- 
mand the Visltilrt. The IcirTth of the buildio*^ h about GOO 
feet (eoo Polish feet), and the breadth about 100 feet. The 
h«tje^ht in the wing« on the Narew side, with the basement wall, 
U 90 feet, and on the Visttila side 23 fo<3t lower, After the 
i^re the roof was covered with iron sheeting* The windows in 
the three stories, and in the lower floor, are made without 
usrtt}>ets, and so that fresh air for the ventilation of the (H^rn con 
M readily admitted. The upper windows, it should be observed, 
are each divided by a floor, so as to make five stories besides 
the cuaematcj. The cornice on which the fourth and fifth stories 
rests, and which is in the Castellated style, projects with the tipper 
wall about one foot and a half. It Is decorated with masks of 
various desi^rns, in sandstone, which serve the purpose of vefitiUi- 
tors for the lower part of the fourth story. The whole of tlie 
iloor of the firf*t story is laid with asnhalte, the use of which in 
Poland was introduced by Stanislas Wysocki^ en^jrineer of the 
Vienna and Warsaw Railway. All the castings were supplied 
from the works of the Polinh Bank in Warsaw. 

The building has not* the usual appearance of a granary, but 
heinff partly of a military character, a peculiar style was adopted, 
whitdi is not inappropriate, and in which Mr. Gay has chiefly fol- 
lowed the example of the caKtellated mansions of Florence. It 
thus acquires a bold and monumental character, worthy of its mas- 
sive consstruction, and may justly be ranked among the finest 
buililings in Russia, of which so many distinguish the present 
government, and as being without a parallel in Europe, 

Tht' seat of the magajtine is one of the strongest points of. the 
system of fortihcation, and it rises above the two rivers and the 
waters of the inundation, with its images glittering in the streams 
on a »ine day with a most picturesque effect. On the opposite 
shore of the Narew is the citadel, and some long lines of barracks, 
on rising fjround about 80 feet high; and the two banks nre united 
by a temporary wooden bridge, which is hereafter to be replaced 
by a suHpension bridge. The width of the Vistula is about 1700 
leet (and which can likewise be bridged), and that of the Nfirew 
900 feet. The town and fortress communicate, by paved roads on 
each side of the Vistula, with Warsaw; and when the water per- 
mits, two t;teamboat8 run. 

For this information, and for the engravings, we are indebted to 
the BauT^itung] and we only regret that we are not in possessiiin 
of more practical details. 



LECTURES ON THE HISTORY OP ARCHITECTURE; 

By SAMtTEt Cleoo, Jtjy,, m.i.ce., p.o.s. 
Btlktrcd at the Callege/or General Practical Scietice^ PtLinetf^ Surrey, 

(ra»BIDBNT| HIS OaACB THK fJUKK OV BVCCKKDCH, K.C.) 

LiCture Vlll.^The Parthenon^Erechthemi--Th€<itrei^ ^t?. 
Bitmcstic Anhitediire of the Grceft^, 

The Parthenon was commenced about 4.t8 b.c, on the site of the 
old temple called the Hecatomoedou, which was destroyed 32 years 
before by the Persians under Mardonius. It was wtuated on the 
highest ground in the Acropolis^ where it stood a masterpiece of 
art. Dr, Clarke says: *'To a person who has seen the ruins of 
Rome, the first sugj^estion made by a sight of the buildings in the 
Acropolis is that ofthe infinite superiority of the Athenian archi- 
tecture: it possesses the greatness and majesty of the Egyptian 
or of the ancient Etruscan style, with all the elegant proportions, 
the rich ornaments, and the discriminating taste of the most 
splendid era of the arts." ^'In all that rehites to harmony, ele- 
gance, execution, beauty, and nroportion," he continues, ^'th'e Par- 



thenon stands a dktftttFuvre; every portion of the sculpture bv 
j which it is so highly decorated has all the delicacy of a cameo.^ 
This temple of the' Doric order, oetastyle and peripteriJ, may be 
considered as a perfect example of the principles of Greek archi- 
tecture, the harmony of proportion and the severe uniformity of 
its masses blending and contra^nting with the endless diverisity of 
line and curve formed by the sculpture with which it is adorned. 
The charge of its erection was committed to the architect*, 
Ictinus and Callicrates, under the general superintendence of 
Phidias. The beasts of burden em]»!oyed in carrying up the 
materials were thenceforward exempted from any less sacred 
work; and one that had voluntarily headed the train was kept at 
pasture during the rest of its life at the public expense. The 
whole of this magnificent edifice was constructed of Pentelic 
marble; no cement was used^ but the margins of the blocks wete 
polished^ so as to fit with greater exactitude — a style af tnasoofy 
that, from its beauty, was called by the Greeks ^^ harfnoma," Ths 
blocks composing the columns (including the capitals) were twelve 
in number. They were united by a cyliirdric^il wooden pin, in- 
serted into a plug about 5 inches square and 3 inches deep, let 
into a corresponding mortice in the blocks. The dimensions nrt 
227 feet by 10 1 on the upper step. It consii^ted, besides the 
Pronaos and Posticus, of two apartments, the Cella and the Opis- 
thodomos. The former or eastern chamber is 62\ feet in breadtli. 
and 9rt ft. 6 in. in length ; the western chamber is 44. feet in length. 
The total height of the temple, from the stylobate to the summit 
of the pediment, is 65 feet. The exterior columns (eight in each 
portico, and seventeen along the flanks, includinctho««e at theangles) 
are 6 ft. 2 in* lower diameter, and 35 feet in height. The ambuhitory 
is 9 feet iu width. Vitruvius advises that, in order to correct the 
delusion caused to the eye by the apparent deviation of a long 
horizontal line, the stylobate should be slightly raised towards the 
centre, and that the architrave should descend with a correspond- 
ing curve. He also directs that the axe^ of the columns at the 
angles and along the flanks should be inclined, the faces next the 
walls of the cella being perpendicular to the stylobate; so that 
the whole diminution of the shaft should be given to the extenor. 
Both these rules have been observed in the erection of the l*ar- 
thenon, a fact discovered by Mr, Pennethorne, The upper step in 
the eastern front forms a curve, rising 3 inches in the centre; the 
architrave also curves, the curve being increased in the cornice. 
The ctdumns of the peristyle incline inwards ij inch from the 
perpendicular. The ceiling of the Opisthodomos was supported 
by four columns of about i feet diameter. This apartment was 
the treasury of Attica and her allies. The Prj^anes kept the key 
of the Opisthodomos, as wsil as that of the .\cropoHs; one of tliese 
officers was chosen by lot, and was entrusted with the keys for eot 
single day and night, during which time he was called the Epis- 
tates, or president; when his term of duty had e^xpired, the charge 
passed to another of the same body. The treasures belonging to 
the temple, consisting for the most part of votive offeringR, were 
of ereat value. Fausanias mentions the dedication of golden 
shields; and Alexander the Great, after the battle of the Granicua, 
sent 300 suits of Persian armour as offerings to Minerva in the 
Parthenon. In the interior of the Cella were sixteen columns, of 
3ft. din. diameter; the order employed is uncertain, the only 
vestige that has been found amongst the ruins being one mutilated 
Corinthian capital. Mr. Lucas, by a careful measurement of the 
marks left by the bases, and a' comparison ofthe information 
attainable on the subject^ has concluded that the lower range of 
interior columns must have been lonic^ and the upper Corinthian; 
and has thus restored it in his model in the British Museum. The 
interior apartments and the vestibules are raised two steps from 
the stylobate; six columns in a nth of 5| feet diameter led into 
the vestibule at either end of the building. The central part of 
the Cella, as in all the temples to the superior divinities, was 
hyptethraj. Here stm^d the great statue of Minerva, wrought in 
gold and ivory by the hand of Phidias; it was 39 feet in height, 
exclusive of the pedestal, and carried a golden spear 40 feet ill 
length, W^hen Phidias returned from Elis, the enemies of his 
patron Pericles, accused him of peculation in regard to the gold 
employed on the statue. Fortunately, by the advice of Periclesi, 
Phidias had formed the g^old plates so that they could be taken off 
and weighed; and by this means the foul calumny was refut^; 
but his accusers, determined not to be again foiled, brought a 
charge against him of impietv, alleging that he had introduced 
portraits of Pericles and himself on the shield of the goddess. He 
was upon this thrown into prison, where he died, as some assert, by 
poison, just as the last great work of Pericles^ the Pronylea, was 
completed (43S b.c.) As Mr. Lucas observes, ^^The embellishmeists 
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of the Parthenon are an epitome of the history of the people, 
alike in their religion, their patriotism, their deeds of valour, and 
the religious ceremonials or their existence." The sculpture of 
the two pediments represents on the one the birth of Minerva, 
or her presentation to the gods of Olympus; on the other the 
contest oetween Minerva and Neptune fur dominion in Athens. 
The subjects on the metopsB were taken frum the most celebrated 
eonquests of the Athenians; and on the frieze surrounding the ex- 
terior oi the Cella, the Panathenaic procession was represented. 
Kor were the embellishments confined to sculpture alone. Under 
that unclouded sun, Nature exceeded in brilliance and vivacity 
everything that man could produce, and so allowed the use of 
polychrome ornament to an extent that, in our murky atmosphere, 
would appear gaudy and unpleasing. The statues in the pediment, 
and the oas-reliefs on the metope and frieze, were brought out 
against a ground of azure blue; tne tenia and re^ula, the fascias 
underneath the mutules; the cyma and op^ee mouldings, and the 
laconaria, were richly coloured; causing the columns, triglyuhs, 
and principal parts of the cornice to appear more dazzliugly white 
from contrast. Along the architrave gilded shields were suspended, 
and between each shield was an inscription in brazen letters; thus, 
the Parthenon, standing on its lofty platform of rock, with its 
gleaming columns, its rich and harmonious colouring, its shields 
* glittering like stars as they caught the sun's rays, would appear to 
the imaginative Greek a fitting abode for tlie virgin goddess, and 
was peculiarly appropriate to the gorgeous ceremonials of the 
Pagan religion. 

The Erechtheion was commenced about 409 b.c, and completed 
303 B.O. In this beautiful temple the Ionic order is carried to its 
greatest perfection. The plan is singular: it most resembles the 
proatyle, hut with the addition of a portico at each side, one to 
the north, the other to the south, extending the western front. 
It is 4 double temple, dedicated to Minerva PoUias, as protectress 
of the city, and the nymph Pandrosos; it is also supposed to be the 
hurial place of Cecrons. 

A tndition from the mythology of Athens, quaintly related by 
Mr. Chandler, accounts for the union of the two shrines under one 
Toof. ^ Minerva entrusted to Aglauros, Herse, and Pandrosos, a 
chest, which she strictly enjoined them not to open. It contained 
Erechtheus. or Erecthonius, an infant, the offspring of Vulcan and 
of the Eartn, guarded by a serpent. Curiosity prevailing, the two 
eider sisters disobeyed. The goddess was gone to Pallene for a 
mountain, intending to blockade the entrance of the Acropolis. 
A hvLtj crow met her on her return, and informed her what had 
paeaed, when she dropped the mountain, which was afterwards 
called Lycabetus; and, displeased with the oiiicious talebearer, 
ewnmanded that no crow should ever again visit the Acropolis. 
The guilty sisters were seized with a phrenzy, and threw them- 
eelvea down one of the precipices; Pandrosos was honoured with 
flitea and mysteries, she was joined with Minerva, and when a 
heifer was sacrificed to the goddess, it was accompanied with a 
aheep for Pandrosos." 

The Erechtheion contained the most ancient statue of Minerva, 
aaid to have fallen from Heaven, in the reign of Erechthonius, 
king of Athens. Before this statue was the ever-burning golden 
lamp, the work of Callimachus. Here also was the sacred olive 
tree, called forth by Minerva in her contest with Neptune. In the 
■mall portico to the south, the entablature is supported by figures, 
■generally called Caryatides; but as these seem t(» represent Athe- 
nian maidens in their Panathenaic costume, Canephora;, or basket- 
bearera, is the mote appropriate designation. Examples of such 
supporting figures are very rare in Greek art. The earliest is sup- 
posed to have been a brazen craters, in the Temple of Juno at 
Samoa, which was upheld bv three kneeling colossi, 10 ft. 6 in. in 
hcdght. It was dedicated about the year 640 b.c. by a Samian, of 
the name of Colaenus, who was driven by contrary winds beyond the 
Pillars of Hercules ; but having found a port at Tartessus, now 
Cadis, and disposed advantageously of his goods, he and his crew, 
pn their return, consecrated a tenth of their nrofit to the erection 
of this monument. A copy is supposed by visconti to exist in a 
fisuntain, supported by three Sileni, in the Vatican. 

VitruviuB gives the following account of the ori^n of Caryatides. 
^Carya, a city of Peloponnesus, took part with the Persians 
against the Grecian states. When the country was fieed from its 
invaders, the Greeks turned their arms against the Caryans; and, 

rn the capture of their city, put the m^es to the sword, and led 
women into captivity. The architects of that time, for the 
purpose of perpetuating the ignominy of this people, instead of 
eolumns in the porticoes of their buildings, substituted statues of 
I women, faithfully copying their ornaments and the drapery 



with which they were attired, the mode of which they were not 
permitted to change." 

It is however generally thought that Caryatides owed theii oriffin 
to the worship of Diana, and were intended to represent nymphs. 
In Lacedtemonia this goddess was worshipped under the name of 
Diana Caryatis; and the neighbourhood of Carva was said to have 
been consecrated to Diana and her nymphs, 'rhe celebrated Per- 
sian portico is only known to us by report; but there, apparently^ 
the figures, like the Egyptian osirides, only stood in relief against 
the supporting pillar. They are said to have been portraits of 
Mardonin, Queen Artemisia, and other leaders of the Persian host, 
and erected with the spoils taken from them in battle. Figures 
thus introduced are seen at Thessalouica, in the building called 
the Incantada. This is not however of very ancient date. The 
entablature of the interior of the Cella in the Temple of Jupiter at 
Agrigentum, was supported by male figures, 25 ft. in height, called 
by the Greeks, Atlantes. They occupied the position of the upper 
row of columns in other hypsthral temples. 

The columns of the eastern and northern porticoes of the Erech- 
thion are exquisite in design and execution. The volutes are formed 
by a double spiral, and the lower band of the channel between 
takes a graceful curve. Beneath, between the volutes, is a plaited 
torus, and below this a wreath of honeysuckle ornaments. To 
the capitals of the eastern portico a beading, like a string of pearls, 
is added. The upper tori of the bases of the columns of this por- 
tico are fluted; while those in the northern portico are ornamented 
with a guilloche. The columns of the eastern or hexastyle portico 
are 9^ diameters in height, and the intercolumniations are a frac- 
tion over two diameters, or nearlv systile. Those of the tetrastyle, 
or northern portico, are rather less slender; and the intercolum- 
niations are increased accordingly, being two and three quarters 
diameter, or nearly diastyle. These columns are raised upon k 
podium, as are also the Caryatides of the Pandroseion. The 
capitals of the columns at the angles were singularly ornamented 
with coloured stones, black, blue, and yellow, let into the small 
circles formed by the plating on the torus, between the volutes; 
and bronze plugs in the eyes of the volutes appear to have been 
intended to support further embellishment, probably garlands, 
with which it was the custom of the Greeks to adorn their temples 
on festive occasions. The eyes of the volutes in the Temple of 
Minerva Priene, are bored 2^ inches in depth, most likely for the 
same purpose. 

The Erechtheion was decorated with different coloured marbles. 
Fragments of columns of verd antique have been found in the 
interior; and the frieze of the eastern portico, as well as the tym- 
panum of the pediment, is of grey Eleusinian stone. In the western 
wall of the cella are three windows, contracted towards the top. 
These divide four Ionic engaged columns, somewhat exceeding tlie 
semicircle, so that the last fluting is perfect. The channel of the 
fluting is slightly increased at the top, and diminished at the 
bottom, in order that the fillet attached to the wall may be per- 
pendicular. In this temple is the only doorway now remaining 
amongst the ruins of Greece. Like the windows, it contracts 
towards the top: it has beautiful consoles, and is ornamented with 
open roses along the jambs, and wreaths of holly-leaf on the mould- 
ings. Detailed drawings of this doorway are given by Mr. In- 
wood, in his work on the Erechtheion. The doors of Greek 
temples were generally constructed either of bronze or of wood, 
and perforated at the top to admit light. Mention however is maile 
of the door of a temple in the wealthy city of Syracuse, which 
was of ivory and ^Id. 

Before bfdding farewell to the Acropolis, we must pause a moment 
before the great Propylea; though Phidias had the general super- 
intendence of the works of Pericles, each building appears to have 
had its separate architect; the Propylea was the work of Mnasicles, 
and occupied five years in its erection. This structure, consisting 
of a vestibule with two wings, extended across the whole natural 
entrance to the Acropolis, a space of 168 feet. The propylsum 
or great vestibule, occupied 58 feet in the centre; the two wings 
enclosed the remainder, and extended 88 feet in front of the 
entrance. The portico of the vestibule was supported by six 
Doric columns, 5 feet lower diameter, and nearly 25 feet in height; 
the intercolumniations were 7 feet, excepting between the two 
centre columns, where a space of 13 feet was left, to allow of the 
passage of chariots: the level of the vestibule was gained bv fou^ 
steps. In Uie interior the roof was supported by six Ionic columns 
in two rows; this order was adopted in the interior on account of 
the greater elevation it allowed to the ceiling ; this was laid upon 
marble beeuns, extending from the side walls to the columns, and 
from column to column: the length of the centre beams was 17 
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fpet, of the lateral ones 99 feet* The vestibule was entered hy 
five dcmra of bronze, the centre one correspondinj^- in size tt> the 
middle intPrcnlumniation; those at either side diminished both in 
height and width, and the two last were smailer still. The portico 
in the rear was similar to the one in front, except that it stood 
upon ft higher level, being raised five steps above the entrance; 
one step in descent led from it to the platform of the Acropolis. 
The wings were finished at the extremities with antro, and a frieze 
with triglyphs; in the flanks were three Doric columns* in attti^^ 
«j|i^h 3 feet diameter., la the northern wing waa a chamber, in the 
•outhern an open gallery^ with a narrow passage leading into the 
Acropolis by a postern gate. There is no doubt that the Propylea 
was intended as a means of defence as well as an ornamental 
entrance, and answered the same purposes as the pylons of the 
Egyptian temples. The Tropyliea at Eleusie, Suniurn, and eke- 
where, were erected after this model, but consisled merely of a 
vestibule without wing^i, and formed a grand entrnnce to the 
neriboliH of the Temple. The extent of the interior of the vesti- 
oule, and the t|iiaiitity of light admitted, allowed great scone to 
the decorative artist. The lacunaria and mouldings of the 
Fropylea at Athens were splendidly adorned with colours and 
gilding; the coffers of the soffits were spangled with gold stai-s on 
an azure ground, and the antfe enriched with a delicate wreath of 
ivy leaves. The roof and pediments of the Fropylea were 
de'st roved by the Venetians, a.d. 1687. 

Next in importance to the sacred edifices were those appropriated 
to public amusements. The savage games of the amphitheatre 
were unknown to the refined and iutellectual Greeks until after 
their subjugjition to Rome. When the Roman Emperor canst^d 
gbdiatorial combats to be exhibited in the Agora of Athens, the 
phibifiopher Demonax observed that it would first be necessary to 
throw down the altar to Mercy that stood there* Dramatic 
eriterlarnments appear to have been the great delight of this highly 
cnltivated people, and consecjuentlv in all Greek cities the ruins 
of extensive theatres are found. These structures were not used 
exclusively for the representation of the drama, however, for 
public assembiiee were frequently held there; St. Paul addressed 
the EpheHians in the tlicatre; and the theatre of Syracuse, as we 
learn from aucient authors, was constantly so employed. Theatrical 
^xhihitiunis originally commenced in a rural chorus celebrating in 
the fields the festivals of Bacchus and Ceres, llramatic recitations 
first took place on n rustic wagon, next on a moveable wooden 
platform; but during a contest for the dramatic prixe between 
^scbylus and Pralinas, the concourse of people flocking to witness 
the performance caused a serious accident, by the breaking down 
of the temporary theatre: this was the cause of one of more solid 
materials being erected; and painted scenery was now first 
introdured by Agatharchus, instructed by iEschylus. \'itruvins 
recommends that theatres should not have the concave psirt towards 
the south, on account of the beat, and that they ahoubi he built in 
a healthy situation. *^^ For," says he, '"those who frequent them, 
in company with their families, engaged hy the interest they take 
in the representations, remain in fixed attention; whence it 
happens the pores of the body are exposed to the effects of the 
atmosphere, which, in the neighbourhood of marches and spots 
otherwise unhealthy, is charged with vapours prejudicial to the 
human frame." The form of the Greek theatre was that of a 
segment of a circle, sometimes being more than the semicircle — 
eonietimes with the sides continued in parallel lines, terminated by 
a pariillelogram extended across the base. It consisted of three 
prinripai parts^ the Coilon, containing the seats for the spectatorji; 
the Orchestra fur the niuaiciiiO!>, dancers, and chorus ; and the 
Logeion or proscenium, for the principal performers. This 
was again divided into three parts; the Ih poscenium, on 
which the acttprs recited ; the Scene itself, on wfiich the decora- 
tioni? were exhibited; and the Parascenium, or enclosures be- 
hind and on each side vf the Scene, containing apartments for 
the accommodation of tlie performers, and the pieservation of the 
stage property. The Coilon was composed of rows of seat*?, 
rising one above another, separated at intervals by prcecinctiones, 
or passages, and by radiating flights of steps, and bounded at each 
extremity by a podium. This part of the theatre was almoi^t 
always formed on the side of a hill, advantage being taken of the 
natural elevation, to save labour and expense; indeed, there are 
only two instances in Europe, and one in Asia Minor, of theatres 
built on level ground. The rows of seats between the passages 
were appropriated to different ranks of snectators, and above the 
upper corridor there was frequently a gallery for the accommoda- 
tion of women and strangers. A covered portico extended round 
the summit of the Coilon, the entablature of which was level with 



the upper memberii of the elevation of the Scene. The Orchestrm 
was generally concentric with the Coilon, and of coaslderable 
extent, as the drama alone was exhibited on the stage, other 
performances, such as singing and dancing taking plac« in the 
orchestra; hence the actors were respectively called either sc^nicf, 
or thymelici. The Orchestra had a separate entrance; in the 
centre stood a platform, called the ThjTnele, which served aa 
an altar, on which sacrifices were ofl^ered to Bacchus; and 
around were placed the tripods, crowns, and other prises fur 
the victorioua dramatist or chorag^us. Steps led from the Or- 
chestra to the Logeion; when the theatre was used as a phwe 
of public assembly, this part was occupied by the orators. Be- 
tween the acts of the drama a curtain was let down before the 
II yposcenium, or stfige, during which time the chorus in the Or- 
chestra entertained the spectators; undernefith was the niachioerT 
used to produce thunder and other effects. The Hyposcenium, witt 
its decorations, was generally constructed of wood, so that, of 
course, no vestiges of this part of any ancient theatre remain. 
The permaneut Scene represented the exterior of a palace, and 
was used for tragic performances. As the Greeks never admitted 
strangers into the domestic privacy of their houses, it would have 
been deemed a breach of propriety to picture the interior on tlie 
stage. In the Scene were three doors; the centre one was magni- 
ficently decorated for the admission of the princinal personage of 
the drama; near it was placed a circular altar, dedicated ta Apollo, 
and a table spread with consecrated cakes and sweetmeat*: the 
door on the right was plain, like that of a private dwelling^ — where 
the second actor entered; while that to the left, generally a mere 
opening, was for the inferior performers. When comic or satiric 
pieces were to be represented, painted scenes were added; in the 
former, exhibiting the exterior of a private residence, with windowt 
and balronies; and the latter, pastoral subjects, with mountainai 
trees, and caves formed of grotto work. The Greek drama was 
recited rather than acted, three or four performers only ap{>eared 
on the stage at one time, and these seldom crossed each other, or 
changed their places ; the stage, therefore, was of little depth. 

Vitruvius speaks of the Orchestra being divided into twelve eqtud 
portions, the same method practised by astrologers in dividing the 
zodiac into twelve constellations, '* from a belief," he says, "that 
a musical concordance exists in the disposition of the stars." He 
also mentions moduliiting vases, of earth or metal, placed in two 
or three rows under the seats, to assist in extending the voice of 
the performer ; they were in the form of an inverted bell, 
and were modulated to intervals according to musical propor* 
tion; so that when the voice was pitched to a certain interval, 
the vases vibrated in unison, and so carried on the sound. They 
were placed on pedestals, about 6 inches high, and an a pert u^ 
was left in front of the seat, about 2 feet in length, and 6 
inches in height. It is said, that when Lucius Mummius de^ 
stroyed the theatre at Corinth, he dedicated a temple to Luna out 
of its spoils, and, amone^st other things, brought away a number of 
these brazen vases. The Scene communicated with the lover 
chambers uf the Parascenium by the before-mentioned doors; this 
part consisted of several stories. On the exterior was a portico 
with a double row of columns, where the audience found shelter 
in case of a sudden shower. The exterior columns were generally 
Doric; the interior Ionic, one-fifth higher, T lie columns were more 
slender, and the ornaments more fanciful and elaborate in the 
theatre than in sacred buildings, according with its festive intention. 
The space in front was laid out in walks, and planted with treef 
and flowering shrubg, so that the portico of the theatre was A 
pleasflnt place of resort for the loungers of ancient Greece. In 
early times there was no awning stretched over the Cothm, the 
volupttious Sybarites having first introduced this luxury; the 
spectators, therefore, on sunny days, had to carry umbrellas, which 
must greatly have impeded the view; the ladies were atterided by 
umbrella-bearers. The Dionysaic Theatre, at Athens, had seats for 
30, WO persons: those of Sparta and Argos were 500 feet diameter; 
and the theatre in the Grove of jEscuiapius, at Kpidaurus. built by 
FoIycJetns, 360 feet diameter. 

Near the great theatre there was generally an Odeion, so called 
from orf^, a song; a smaller building, of similar form, but roofed; 
it was used for the purpose of musical enlerttiinments, and for the 
reheursals of the chorus. The Odeion of IVricle**, at Athens, had 
a wooden tent-shaped roof, constructed with the masts and yarvli 
taken from the Persian ships; this was destroyed by Ariston (Hti 
B.C.) that Suylla might not make use of the timber in his siege of 
the city. In Athens it was the custom for each of the demi, or 
tribes, to appoint a choragus, who was to conduct a chorus at the 
musical contest held at tlie Festival of Bacchus: the prize wt» a 
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tptul, and the victorious choragiis usually erected a monument 

1 which to place it ; this was the orig^in of the street of tripods** 
Two of the^e chomgic monuments are yet stand infi:, those of Thra- 
^UvLS and Lystcmtes ; the former of the Doric, the latter of the 
Corinthian order. The foUawin^ was the form of dedication: 
"ThrasyUus, son of Thrasyllus of Deecleia, dedicated the tripod, 
having, when he provided the chorti.% comjixered with men for the 
tribe Hippothoontis; Evius of Chnlcis was musician* Neojchonus 
wai* archon, Carajdamua, son of Sutia, was teacher." The Corin- 
tliian capital of the monument of LyHicrates has heen already 
described ; the oonica! roof m thatched with marble tiles in the 
form of laurel leaves ; from the ajiejc rises an elaborate Moral orna- 
OMnl, on which the tripod was? placed. Thb elegant little monu- 
ment was erected 335 u,c. 

Besides the temples and theatres, rninB of other extensive struc- 
tures are found in moat of the cities of Greece. There was the 
Paliipatra and the Gymnasium for the practice of athletic exercises ; 
the Stadium for foot races, wrestling, throwing the disc, and other 
public fpitnes; and the Hippodrome for hor&© and chariot races. 
The Palapstrae were huiidingit containing? hatha, and apartments for 
iostruction and other ptirposes, surruunded by porticoes, Some- 
tiine«, as at Ephesus, the porticoes ^'ere inclosea by a wall, form- 
ing what waa called a cryptoporticus ; sometimes, as at Alexandria 
Troaa^ they were open all round. Within the porticoes were 
spacious exhedriQ or recesses, containing seats, where philosophers, 
rnetaricians, and other learned professors met to converse. In 
winter, or in stormy weather, the athletSB practised beneath the 
portico; a space was left along the centre 12 feet in width for the 
gymnastic sports^ the margins being raised several steps above it 
aa footways, so that persuns could pass, or stand tu watch the 
athlete without bein^r incommoded hy them ; in the Pala^strro were 
frequently double porticoes, called by the Greeks systylos ; thet^e 
were divided by open walks, planted with trees and furnished 
with seats. The Stadium was an open space in the form of a 
parallelogram^ with one end terminating in a semicircle ; the 
Hippodrome was similar in form, but of greater extent; a podium 
or spina^ as it was called, adorned with altars and statues, ex- 
tended along the centre; round this the chariots turned in the 
race. The Hippodrome at Olympia was the largest in Greece; 
here a« many as forty chariots ran at one time. The Hippaphesis 
of this course, or place from which the horses started, was so cele- 
hrated, that the architect jilaced the following inscription on a 
statue he afterwards executed at Athens: '^Kleoitas, son of Aris- 
tocles, made me, the same who first invented your Hippaphesis, 
O Olympia!*' Pausanias has left us a descripliun of this struc- 
lore; he says, *'The Aphesis presents the appearance of the prow 
of a «bip, of which the beak, or embolus, is turned towards the 
course. At the side where the prow abuts on to the portico called 
AgIiamptu$^ it becomei^ wider. A dolphin of brass is placed on a 
bar at tlie extreme point of the beak. Each side of the Apbesis is 
more than 4<>0 feet in length ; in these stalls are constructed, which 
(hone who enter for the horse race iKirtion out by lot among them- 
selves. Before the chariots and the hornes a cord is stretched by 
way of a barrier. About the middle of the prow is an altar of 
nnburnt brick, which, every Olympiad, is covered externally with 
dust ; upon the altar stands a braien eagle with its wings extended. 
When the person to whom the duty is intrusted has put in motion 
the machinery bv which the eagle is directed, it sii rings up so as 
t<i become visible to all the spectators ; then the braxen dolphin 
siaks to the ground ; the cords which are on both aides of the por- 
tico of Agnamptua are let loose, the horses that are in these stalls 
advance first, and <*'hen they come in a line with those to which 
are allotted the stalls of the aecond rank, the cords thai restrain 
these are also loosened, and the same order is observed by all the 
:#thers until they are all drawn up in an equal line at the beak of 
l^be prow ; and here follow the display of the skill of the charioteers, 
sad of the swiftness of the horses." 

Public busi ncHt!^ and traffic of ail kinds was carried on in the 
Agora, a large space something between the great i^quare or place 
of modern continental towns, and an oriental bazaar. The old 
Agora at Athens was situated in the inner Ceramicus, and extended 
over the hill of the Arecq^agn* ; here were warehouses and shops 
in different divisions, according to the trade carried on, and 
receiving their names from the commodities on sale. Here also 
were eitensive porticoes or stoie ; thnt called the PtBcile, adorned 
with fresco paintings of the battle of Marathon, was the resort of 
the stoic philost^phers, whence they took their name. Numerous 
statue;* of the heroes and benefactors of Athens adorned the place ; 
to some of these a copy of every new law proposed was appended 
revious to discussion. Many important public buildings also 




stood within the limits of the Agora; among the rest the Boulee" 
tereion, or council-chamber, where the senate of five hundred met 
to discuss measures before they were laid before the general 
assembly of the people in the Pnyx ; and the refectory of the Pry- 
tunes or presidents of the assembly, where the most distinguisht;d 
Athenian citizens were entertained at the public charge. In the 
centre of the Agora stood an altar dedicated to the twelve priii- 
cijjal divinities ; this was the point from which the different roads 
of Attica diverged, and from which distances were measured* 
The new Agora was to the north of the Acropolis, in the quarter 
called Eretria ; near this wjts the Tower of tlie Winds, or Horo- 
logia of Andronicua Cyrrhestea, erected 159 b,c. It is a small 
octagonal building of the Corinthian order, Kurrounded by a frieze, 
on which figures emblematic of the winds are carved in bas-relief, 
one occupying each side. Beneath these lines are traced, with 
styles fixed above; the shadows thrown from the styles upon the 
lines told the hour of the day ; when the sun was obscured, a clyp*^ 
sedra, or water-clack, in the interior of the building, answered the 
same purpose. The r04»f is but slightly elevated, and is composed 
of twenty-four blocks of marble, cut in the form of tiles, diminish- 
ing as they iDcline to the centre ; on the summit a circular block 
of marble supported the figure of a triton holding a wand, so con> 
structed as to move on a pivot and point in the direction of the wind. 

Bi/fore speaking of the bouses of the living I must make brief 
mention oi the abodes of the dead. None but the greatest heroes 
were allowed a burial place within the city ; but without the gate^ 
each side of the road was lined with montjments. The most usual 
form was that of a pillar or stele, bearing the name of the deceased, 
and often riclily sculptured. The paliuette, or Greek honeysuckle, 
ii^ the device must frequently met with. As this ornament does 
not resemble any known flower, its origin has given rise to many 
speculations* The recent discoveries in Assyria have, however, 
thrown new light upon the subject, as we find there the same 
device in cornunction with the kneeling bull^ndeed, with the bull 
prostrate before it; it is evident that it was some ancient symbol 
of fire-worship ; nor does it require any very great stretch of ima- 
gimition to suppose it to have been intended to represent the curl 
of the ascending fiame. It was contrary to the principles of Greek 
art to use decoration without meaning; we may take it for granted, 
therefore, that as we find it so constantly represented on the stele' 
of lombe, it was with them also a sacred emblem It is worthy of 
remark, that on the more ancient Greek sculptures the palmette 
is more formal, and decidedly less floral in character. The ten- 
drils and other scrolls were doubtless added merely to give addi- 
tional beautv after the traditional meaning was lost or disregarded* 
A more elabcjrate kind of sepulchre was that called Diatega, or 
double-roofed, consisting of two square chambers ; the lower 
apartment contained the cinerary urns, while in the upper rela- 
tions and friends were uccustgmed to meet on anniversaries and 
stated occasions, to perform rites and pour libations to the manes 
of the dead. The decoration of sepulchres was at one period 
carried to so great an extent in Greece, that, soon after the time 
of Bnton, a law was passed at Athene that no more hibour should 
be bestowed upon any place of sepulture than ten men could per- 
form in three days, and that the roof should be plain ; the setting 
up of Ilermie, or statues of Mercury, was also forbidden. Lon^ 
afterwards it was again enacted by Demetrius, the Ph.ileriaji, 
that no person should have more than one monumentj and that the 
height of the piUar should not exceed three cubits. 

Little is known of the private houses of the Greeks. For the 
most part strict republicans, they had no buildings that could claim 
the name of palaces. The dwellings of the greatest men were as 
simple as those of the humblest citizen. Demosthenes thought it 
a sulbcjent ground of accusation against Medias, that he had built 
a house at Eleusis by which all others were cast into the shade* 
To so great an extent vva:^ this simplicity carried under the severe 
htws of Lycurgus, that the Spartans were forbidden to use any 
other tool in the construction of their dwellings than the axe and 
the saw. When King Leotychides visited Corinth, noticing 
s m Oil thly- wrought beams supporting the ceilings of the roums^ 
he asked if trees grew square in that country. The houses 
of the Greeks presented nothing but a plain wall and an en- 
trance doitr towards the street, the \vin<lows opening to the in- 
terior courts. The ronms were small, and were merely for the 
purpose of eating and sleeping, the Greeks! both tranaactitig busi- 
ness and pursuing pteasure in the open air, under the numerous 
porticoes of the citVt <^n* anumgst the gropes of the Actidemy, 
Lyceinm, and other public gardens. It was, no doubt, on account 
of the finiallmiHs of the rooms that the doors were made to open 
outwards r the persoa about to leave the house knocked firht, to 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



LrccsT. 



give DOtice to those pas^ing^ outside that the docir was nbout to b<^ 
ui*ened. According to Vitruvius, the vestibule, cavoedium, sjid j»eri- 
atyles, were the only parts of the house where a stranger ml/Erht enter 
uninvited. The mai^ter of the house alone was permitted to enter 
the gynsceum, or women'ss apartments. From tne street entrance 
is a passage, terminated by gates. On one side of this is the 
Htableis; on the other the porter's lod^j^e. This passage leads into 
a periatyle or open court, surrounded by a colonnade. This 
belong* to the g)'na»eeuro, where the mistress of the house occu- 
pied herself with weaving and embroidery* in the midst of her 
maidens. Next to this were the roomis common to the houiiehold^ 
and those set apart for Btranger«. The bospitalia, or strangeri* 
roomi, had a separate entrance-gate. Here the traveller was eii- 
tertaiaed, and enjoyed aa much ease as in a modern inn; he was 
provi<!ed with supper and a bed ou the evening of his arrival, and 
the fullowing morning went on fais way, after receiving presents 
of fruit, po 111 try, eg^, and other ^nch produce. After this was 
the largejst division of the house, containing the great peristyle, 
and the principal apartments, such as the banqueting rooniH, 
pinacothetia, or picture gallery, &c. The eating rooms contained 
triclinia, on winch the cunipany reclined at their meals; whence 
the njoras took their name. The women never appeared at table 
with the men; and into some of the mci they were not even ad- 
mitted, fm* which reason they were called andronis. Private bouses 
were mostly built of brick, the walk being plastered or stuccoed, 
and the hicunaria con«^tructed of wood. It h probable they hnd nti 
upper story; but the situation of the staircase is unknown. Mo- 
saic pavementti* have been occasionally discovered, supposed to 
have belonged to the courts of ancient dwellings. Ine well- 
known detsign of dov<^ drinking from a tazxa, is from a mosaic of 
this description* The ^reat simplicity prevailing in private 
huuses caused the attention of the artist to be wholly directed 
towards the decoration of temples, theatres, and other public 
buildings. Perhapis it was for this reason that artists were held in 
such great veneration by the Greeks, being regarded as men dedi- 
cated to the service of the gods and of their country. 

For detailed information upon the subject of 1* reek architecture, 
I would refer the student to the valuable works published by the 
Dilettanti Society, and those of Mr, Stuart, Mr* "^V^ilkins, and 
others^ wliich cannot fail both to interest and instruct. 

When I have the pleasure of resuming these lectures aft^r the 
vacation, I shall begin with the gubject of Architecture as practiBed 
by the ilomans. 

[The next lecture will appear in the October number of our 
J%}urnal. — Ed.] 
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METEOROLOGICAL QUARTERLY REPORT. 

Remarks oii the Weather during thti Quarter ending June 30, 1850. 
By J AUKS Glaishcr, Esq., F.R.S., Uon. Sec. of the British Meteo* 

rological Society. 

Tub weaihtr during the pait quarter haa been variable, and at timet very 
unuitiaU The temperature of the air till April 21 wa« 4 3"" above ihe 
average, and thli period waa free frotn froati ; from April 22 to May 16 
there was aa average dellicieDcy of 5^ dailr temperature ; from May 1 7 to 
June 9 the temperalure waa about its average value ; it was 8° tn exceia on 
June 11, and 13^ in defect on the 15tb, and dyring the following night the 
temperature of the air in many placei waa below 32*^, a very unuittal circum* 
Hiaace for the aeaaon. From June IBth to the 26th the period wai warm, 
the mean cxeeftt of temperature waa 6*^. Soow haa fallen od aeveral days 
during the paat quartf r. 

The meao temperature of the air at Greenwich for the three months 
ending May, conntiiuting ihe three apring months, was fO'S"^, being ofattaoit 
the Kunie Talue aa that of the a?era|i;e imm the 7^ preceding Bpriiiga. 

For the month of April waa 48'5°r exceeding that of the average of the 
preceding 79 yeart by 2*8°, and exceeding that of the preceding 9 yean 
by 10^. 

Fur the month of May was 61*3°, being 1*3^ leaa than the average of the 
preceding 79 yeartf SviH 31'^ leia than that of the preceding 9 years. 

For the month of June wai 60 B'', exceeding that of the average of the 
preceding 79 yean bv 2 8*^^ and exceeding that of the preceding 9 yean by 
12^. 

The mean for the quarter wsi 53-4% exceeding that of the avenge of 79 
jean by 1*4^, and being less thao that of the preceding 9 yein by 3^^. 



The mean temperature of evaporation at Greenwich for the month of 
April waa 45 4"; for May was 47*5° j and for June wai 54 8% Tht^e 
valuea arc 1-7^ greater, i'Q° leMt^ and 1° ffreater than thoac of ibe 
averagea of the tame moutba in the preceding 9 yean. 

The mean temperature of the dew.p^irnt at Greenwich for the moothi of 
April, May, and June were 417'', 43 4% and bOT, Theae vaUir* are \'(f 
ffreaier, 4 /e«t, and 1*8° itt9 reapcctivclj than the averagea of the tatoe 
manthi In the preceding 9 years. 

The mean elastic force of vapour at Greenwich for the quarter was 0*31 S 
Inch, beiug le^s than the average from the preceding 9 yean by 0*031 
inch. 

The mean weight of water in a cubic foot of air for the qnirter waa 3*6 
grains. Thtt average from the precediiig 9 yean was 3*8 grains. 

The mean degree of buioidiiy in April waa th/OS, in May waa 765, aM 
in June waa 0702. The Averages from th« 9 preceding yean were O't$08, 
0788, and 0-702 respectively* 

The mean reading of the hnrometer at Greenwich in April was 29 594, it 
May wa» 29 714, and in June waa 29 8^6. Tbeac readings are 0114 leu, 
0071 fe«t, and 0*089 ffrfaUr respectively than the averages of ihe tame 
months in the preceding 9 years. 

The average weight of A cubic foot of air for the qatrier ooder tbe 
average tetnperaturc, humidiiy. and pretsure, waa 532 graiaa, betog[ of tbe 
same value as thai of the average of the preceding 9 yean. 

The rain fallen at GreeFiwicli iti April waa 2'4 inches, in May wu 2*3 
inches, and in June was 10 inch. The falls for theae three motitha on an 
average of 31 yean arc 1*7, 20, and 1'7 inches reipectivcly. The average 
daily ranges of the reading«t of the th^rmnmeter in air al the height of i 
feet above the soil waa in April lO'O", in May wss 18*9", and tu June vsa 
2G'0'*. The avcraees for these three months from tl>e preceding 9 yean wen 
17-4°, 18 9^ 19*4^ respectively. 

The minimum rendings of the thermometer on gran in April was it or 
below 32'' on 12 nights, the lowest was 23^; was between 32^ and 40^ oo 14 
nights, and exceeded 40^ on 4 nights ; the highest reading was 44^ In 
May the readings were at and helow 32"^ oo 13 nij^htg, the Uweii wat U i 
they were between 32' and 40^ on U nights, and on 7 nights the feadiayi 
exceeded 40^ In June the readings were st and below 32° on 2 rigbts; 
ihe lovrest waa 29°; they were betwcL'n 32*^ and 40° on (> nights, aitil tbry 
exceeded 40'^ on 22 nights. At Cirdington, as observed by S. C. Whit- 
lireud, E«q., the reading of the thermumeter ou grass in April was 12 
niihts. in May was 12 nigbti, and in June was 3 nights, bdow 32^^. 

The temperature of the Thames water, from the observations of UeBl. 
Sanderj, ILN.. Si)perinten<ient of the Dreadnovght hospital-abip, was 48'4^ 
in April 54 *3*' in May, and 63' 7"^ in June. 

Solar haht were seen on April Ist at Green wtcb, on ihe 2ad at Stone Ani 
llartwell Kectory, on the 7th at Green wicb and Stone, ou the lith at 
Stone, on il>e 17th at Nottingham, on the 18th at Gueraaey, Greenwich, 
and Notringham ; on the 19th at Stone and Nottingliam, on the 3{Uc al 
ilartweU Hector)', and on the 25th at Greenwich and Nottingham ; on Miy 
4th at Durharo, on May h at Ucklif;hl| on the 7th at Dnrham^ on the I3tn 
at Urkfield, on the 14tb at llartwell Rectory, on the 19th at Ditrhftm, on 
the 23rd and 26ib at Haitwell Rectory, aud on the 38th at N , oa 

June 2iul at Nottingham and Whitehaven, on the 3rd at > , ea 

Che 4 Lb at GroL'iiwich, StouCr IlartweU Rectory, NottingUam. ot, nwiunl, 
and Durham; oo the 5th at Stone, on the 8lli at llirtweU floute, on tba 
9th at aiont, Rose Hill (Oxford), and Nottiughani; on the lOtb al Sootb- 
ainptoii, Stone, llartwell House, Cardingtoii^ Hose lUJt (Oxford), Norwidi, 
and Nutiin^ham; on the 11th at Stone. Rose Hill, Noltingliam; on the 12vb 
at Nottingham, on the I4th at Cardingiou, on the IGib at Stone, Rose 
Hili (Oxford), and Nottingham ; ou the 17th at ^tune and Aylesbnry ; oa 
the lulh at Aylesbury, on the 20th at Stone and Nottiiagham* on the 2i*t at 
Stone and Nottingham, and on the 29lh at UckfieUI and Nottingham. 

XM/iar Aa/of were seen «n April 16th and 17th at IlartweU Rectory, oa 
the 19Lh at Wakeield, on the 20th at Liverpool, on the 21st, 22nd, and 
23rd at Hartwell Rectory, on the 24th at Stouyhurst; on May 20th aaii 
22od at Uckfield, and on the 26tb at Stone; on June Itith at Stone ajid 
Hurtwell Rectory, on the 1 8th at Stone, on the 20th at Guernsey, Stoat, 
HartweU Rectory, and Radcliffe Observatory, Oxford; on the 2Ut at JerMjt 
Stone, and llartwell Rectory ; and on the 25tb at Uck5eld« 

Paraselenee were seen on May 2Bth at Durham, and on Jnne 20th and 
21«t at Stone and Hart well Kcctury« 

Parhelion was seen on May 2Ut at Nottinghim. 

Aurorw Borealee were seen on Ai>ril 5th at Whitehaven, on April 6th at 
Durham, on May 12tb at Aylesbury, Oxford, Stony burst, and Durham ; oo 
June 5th at Nottingham, on the 13tb at IlartweU House, Katchffe Obset' 
vatory, Oxford, and at Rose HiU, near Oxford^ on Ihe 26ih near Mjs- 
chester, on the 27th at Nottingham and at Cbeslerfield. 

Meieori, — At Stone on April 10, at 10 p^m.^ a meteor shot from Jopiter to 
yLeonia; on May 2, ai 10 p.m., a meteor shot from Virgo about 4^ fron 
Jupiter, and went aa far as Jupiter; on May 29, at lOh. 5m. p.m., t meteor 
ihot from a Cygni southwards ; on June 4, at lib. 2dm. p m«, a meteer 
shot from a Ursa Minor (Pokfii) to 6 Una Major ; on the UitK, aX Oh. 25a. 
a.m., a meteor shot from the west of B Cauiopeie, and went 4° north ; oo 
the same night, at Ob. 40tn. a,mM a splendid meteor, larger than a tur 4 
Ihe first magnitude, shot from the west of Capella 10^ east of due oortli 
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■nd tboat 15^ above tbe horizon, and went in a westward direction near to 
the ttar 31 Lynda, leating a train of blue light of about 20°; a few seconds 
after a imall meteor shot from above Polaris to Cassiupea; on tbe same night, 
at 0*45 a.m., a meteor shot from fi Serpentis, and went about 5° south ; at 
Ih. 3m. a.m. a meteor shot from « Bootes to Arcturus; at Ih. 20m. a.m. a 
meteor ai large as a star of tbe Uni magnitude, and of a beautiful red 
eoloor, ahot from « Uraa Major passed by a Ursa Major, and went as far as 
7 Ursa Major; on the 20tb, at lib. 42m. p.m. a meteor shot between a 
LyroB aid a Cygni; on the 24tb, at lib. 30m. p.m., a meteor, as large as a 
atar of tbe first magnitude, shot from Arcturus, and went 20^ magnetic west, 
leaving a train of blue light. 

Oq June 4th, at Hartwcll Rectory, a small meteor was seen from Polaris 
to the Pointers, at lib. 30m. p.m.; on tbe 21st, a meteor shot from a Lyrce 
to a Cygni at lib. 42m. p.m. ; on June 24th a meteor was aeen from Arc- 
tnros to within 10^ of the horizon at lib. 30m. p.m. 

At Nottingham, on May Ist, at lOh. 33m. a meteor of tbe size of second 
magnitude star fell slowly down from 30° above south horizon at an angle of 
40^ to west; another fell downwards 5° aouth of Jupiter; May 30tb, at 
lOh. 38m., a meteor, size second magnitude, passed nearly horizontally 1 J° 
under Vega, moving to sooth ; June Ist, a globe meteor, %\z9t of Jupiter, but 
leaa bright, of a red eoloor, having a well-defined disc, moved from y through 
f Caaaiopese, ended 30° east of a Persei, duration 1 i minute ; on tbe 3rd 
another, lize third magnitade, blue colour, ill defiued, passed from a Cygni 
through Laeretan at lOh. 30m., and at 10b. 4m. a nearly similar one from 
A Draeonia through i| Draconis. 

7%«iidSer-#/oniia occnrred on April 2 at Wakefield, Lf*eds, Liverpool, 
Stonyhnrtf, and Whitehaven; on theStb at Uckfield; on the 10th at Aylesbury; 
on the nth at Ilartwell Uectory, Stone, Cardington, and Saffron Walden ; 
on the I2tb at Uckfield, Greenwich, London, and Saffron Walden ; on the 
13th at Greenwich ; on the 17th at Norwich; on the 20tb at Holkbam, 
Nottingham, and Exeter; on the 23rd at Hawarden ; on May 7 at Uck- 
field ; on the 13th at Leeds and Hawarden ; on the 17th at Uckfield ; on tbe 
19th at Derby; on the 22nd at Stonyhurst ; on the 23rd at Stone, Ilartwell 
Bectory,Hartwell House, Leinslade( Bucks), Rose Hill (Oxford), Cardington, 
Saffhin Walden, Derby, Nottingham, Liverpool, Leeds, and Manchester ; on 
the 24th at Hartwell House, Rose Hill (Oxford), and Radcliffe Observatory, 
Oxford; on the 26th at Norwich ; on the 27th at Leeds, Manchester, Dur- 
bara, and North Shields ; on the 30th at Hartwell House, Liverpool, and 
Slonyharst; on the 31st at Stone, and Rosa Hill, Oxford ; on June 5tb at 
Wakefield, North Shields, and Durham ; on tbe 6th at Hartwell House, 
Hartwell Rector?, Leeds, Stonyhurst, Durham, and Whitehaven ; on tbe 7tb 
at Leeds; on the 12th at Helston ; on tbe 13th at Uckfield ; on tbe 16th at 
Darham; on the 17th at North Shields; on tbe 2.'Sth at Wakefield and 
Leeds ; on the 26ib at Guernsey, Helston, Falmouth, Truro, Exeter, Uck- 
ield, Sonthaoipton, St. John's Wood, Greenwich, Stone, Aylesbury, Hart - 
wall House, Hartwell Rectory, Leinslade, (Bucks), Saffron Walden, Kadcliffe 
Obaervatory (Oxford), and Cardington ; on tbe 27th at Guernsey, Jersey, 
Exeter, Chichester, St. John's Wood, Uckfield, and Hartwell House. Of 
tbeao atorma that of the 26th of June wu the worst ; it was described by 
M. J. Johnson, Esq., of Oxford Observatory, as the most violent storm of 
thunder and lightning ever remembered there ; it began about 2*30 p.m., 
and laated till about 4-30 p.m. Two college towers were struck by lightning : 
DO life was lost. But he had heard of five persons (three children) who 
were thrown down by the violence of the lightning ; there appears to have 
been two storms, one succeeding the other after an interval of about 30 
minutes. Mr. Johnaon remarks, ** I was not here myself, but the storm has 
been described to me by two trustworthy persons as terrific. As far as I can 
make out, the storm passed over the town in a k.n.k. direction." 

At Hartwell Rectory, tbe Rev. C. Lowndea states, that on the 26th June 
thunder was heard at 1*30 p.m., and at 3 p.m. there wu a heavy storm 
frith thunder and lightning ; it continued stormy during the evening and 
Bight 

At Haitwdl House, Mr. Horton says that on June 20th a mansion near 
Thame, called Thame House, about ten miles from here, was set on fire by 
the UghtoiDg. 

At Truro, Dr. C. Barbara says, *<The thnnder-storm on June 21st was 
rather severe, but more so a few miles to the northward ; eleven sheep were 
killed by the lightning in one field, and four in a neighbouring one about 
leu milM to tbe north-east ; the rain was not very heavy, and there was no 
haiL There was a fall of 16° of temperature between 1 and 5 p.m., and the 
weather lias continued unsettled, with showers and squally from that time 
to the present (July 3)." 

At Eieter, Dr. Shapteriays that, for three days previously to June 26th, 
the atmosphere had gradually become hot and sultry, and at 4 p.m. on that 
day it became ei^ceedingly oppressive. Distant thunder was then heard, and 
heavy rain clouds came up with a light wind from the south ; at 6 p.m. the 
atorm reached Eieter, the lightning waa constant and vivid. Heavy rain fell 
for two hours, when the itorm moderated and passed on and the wind shifted 
isthir aoddenly tUl 6 p.m. It reached Bridgewater at 9 p.m. The electric 
telegraph at the Sooth Devon Railway wu rendered uaeless for several hours, 
And the trains consequently delayed. Rain fell to the depth of 1*21 inch 
during the storm. 

At Uckfield, C. L. Prinee, Esq. says, on the 26th, at night, there wu a 
Very aevere thunder-storm, and that the electric fluid struck a house in that 
pUeCy and ahattered a portion of the roof, burnt some clothes, &c. ; but in- 



jured no one, although there were thirty persons under the roof at the time. 

At Southampton, John Drew, Esq., F.RJL.S., says that rain fell to the 
depth of 1'96 inch on June 26tb. 

Thunder was heard, but lightning was not seen, on April 11 at Rose Hill 
(Oxford) and Saffron Walden ; on tbe 12ih at Saffron Walden and Norwich ; 
on the 17tb at Hartwell House; on the 20th and 21st at Nottingham ; on 
May 7tb at Guernsey ; and the 13tb at Cardington, Stone, and Aylesbury ; 
on tbe 17th at Nottingham ; on the 18th at Wakefield and Nottingham ; on 
tbe 19tb at Cardington and Nottingham ; on tbe 21st at Exeter and Hawar- 
den ; on tbe 22nd at Aylesbury and Holkbam ; on tbe 23rd at Ayleabury, 
Norwich, Holkbam, Oxford, Wakefield, and Stonyhurst ; on the 25th and 
2Gtb at Hawarden; on tbe 27tb at Guernsey, Wakefield, and Stonyhurst ; on 
the 31st at Hartwell Rectory, Leinslade (Bucks), Cardington, Oxford, Liver- 
pool, Stonyhurst, and Whitehaven. — On June 5th at Nottingham and Dun- 
dee ; on tbe 6th at Stone and Nottingham ; on the 9th and 11th at Stone; 
on tbe 12ib at Helston ; on the 16tb at Stonyhurst ; on tbe 25th at Netting, 
ham ; on tbe 26th at Jersey, St. Jobn's-wood, Wakefield, and Nottingham ; 
on tbe 27th at Stonyhurst; and on the 28th at Jersey. 

Lightning wu seen, but thunder was not heard, on April 2nd at Stone and 
Stonyhurst ; on the 20th at Nottingham. On May 2nd at St. JohnVwood. 
On June 5th at Nottingham ; on tbe 26th at St. Jobn's-wood ; on the 27th 
at St. Jobn's-wood and Aylesbury; on the 28th at Aylesbury and Carding- 
ton ; on tbe 29th at Aylesbury. 

The daily horizontal movement (if the air wu 110 miles in April, 96 in 
May, and 90 in June.* 

Jf^heat in ear^ at Aylesbury on June 9th; at Leinslade (Bucks) and Ha- 
warden on tbe 10th; at Holkbam on the 11th; at Cardington on the 12th ; 
at HeUtone, Stone, Hartwell, and Oxford on the 16th; at Nottingham on 
the 20tb ; at Leeds on the 24th. 

Wheat in/hwert at Jersey on June 8 ; at Uckfield on the 10th ; at Guern- 
sey on the 16tb ; at Holkbam and Stonyhurst on the 20th ; at Stone on the 
2Ut; at Hawarden on the 22nd ; the white at Wakefield on the 22nd, and 
the red in tbe same field on the 26th ; on the 23rd at Helston, Hartwell, 
Leinslade, and Derby ; on the 25th at Cardington ; on the 26th at Notting- 
ham ; on the 28th at Rose-bill, near Oxford ; on the 30th at Leeds. 

//a/ began to be gathered^ at Hartwell and Stone on tbe 18th ; at Hawar- 
den and Whitehaven on the 24th ; at Durham on the 27th. 

The common Ulae in flower, at Jersey on April 22; at Guernsey and Hels. 
ton on the 25tb ; at Uckfield on May 5 ; at Hartwell House and Wakefield 
on tbe 11th ; at Aylesbury on tbe 12th ; at Oxford on the 13tb ; at Stone oil 
tbe 15th; at Hawarden on the 16th; at Nottingham on the 19th; at Car- 
dington on the 20th ; on the 22nd at Leeds, at Derby, and Holkbam on the 
23rd ; at Stonyhurst on the 27th ; at Durham on the 30th. 

The Cuehoo was first heard at Uckfield on April 11 ; at Stone on the 12th; 
at Whitehaven on the 16tb ; at Hartwell on the 21st. 

The first Swallow wu seen at Stone on April 3 ; at Whitehaven on the 
18th; at Nottingham on the 20th; at Hartwell Rector)' on the 22nd; at 
Durham on the 21st of May. 

The following observations of natural phenomena were taken at Highfield 
House, near Nottingham (being nearly in the centre of England), by Edward 
J. Lowe, Esq., F.R A.S. 



April I. Willow wren arrlTcd 

. . Itf. Rlbea Mn^ineum Id fall glory } 
damson pliioia juit in bloom 
11. Sand martin arrlTed 
.. 14. Aaparagua readir to cut; foond 

neat of longtalVd titmouse 
.. IC. Wblteheart cherry juit lo flower 
.. 18. Wild Cfiwslip in flower 
.. SO. Swallow arriredi corncrake flrat 

heard 
.. 21. Snowf meffpnUa in flower; 
nlghtingale*a first soog; Daphne 
cueorum Jost in flower 
.. 29. Hedges in full leaf 
.. 30. Some chcsnnt trees In nearly 
fbllleaf 
May 1. Daphne Japonlca In ftill flower 

4. Sycamores in full flower 
... 6. Apple (MalUter) in f^U blossom 
0. ilurella cherry in fuU blossom 
.. 8. Beech iu full leaf 

9. Swift arrived 
.. 10. White broom Just In flower 
•• 13. Apples la fbll blossom ) cuckoo 

. . 16. Spotted flycatcher arrived ; doa- 
ble gorse in fkill flower 

. . 17. WbiU lilac has ftw bloasoms ex. 
panded ; hawthorn do.; wheat, 
car building a nest ; rhododen. 
dron caucasicum in full bloom 

.• 19. Apples generally in AiU blossom 

.. 22. Purple lilacs in flower 

.. 23. Laburnum in tiall flower; double 
hloflsoraed cherry in flower 

. . 24. Whlncbat nest with eggs 

The following table containi the mean quarterly Talues of the lateral 
subjecta of meteorological investigation during the past quarter.* 

• See the PhOoeopkUal MagoMhte for Auffust ISfla, for UUcs •# the direetion of the 
wind, 
t For the aoathly faloai aee the Qaartvly Report of the Reglatrar^Oenaral. 



May 25. Lilacs In MX glory 

.. 28. Pink hawthorn Jnst In flower 

.. 28. Oak nearly in leaf; hybrid rho- 
dodendron In flower 

. . 29. Yellowhammer*8 nest with sggs; 
reed sparrow's do. 

. . SO. Flowing ash In flower 

.. 31. Luplnns polypbyllus In flower; 
flycatcher'a nest with egn; tree 
peony Just in flower ; lily of 
valley in flower 
June 2. Snowball tree in flower 

.. 7. Lilacs out of flower 

.. 9. Woodbine In flower 

. . 12. Japonlca in f^U flower 
13. Syringer In flower 

.. 14. Labumuma out of flower 
16. Rosa canlnajust in flower 
13. Wheat Just showing ear. 

.. 16. Leoaicera publsceus Just Iu 
flower; tree peony out of 
flower ; peas ready to gather 

.. 17. Rose (Mrs. Bosanquet) Just in 
flower; elder Jnst In bloom 

. . 20. Strawberries Just ripe i acacia 
In flower; hay, some housed to 
day, rery little as yet cut; bar. 
ley Just coming in ear ; wheat 
In full ear 

. . 34. Rose (Persian yellow) in flower ; 
kalmia UUfolla rar. albu In ftiU 
flower 

.. 2G. Portugal laurel In Aill flower; 
wheat In flower 

.. 8L Roses of all Mods In fiiU glory. 
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Meieorotoffieai Tahte/or (h£ Quarter ending June SO/A, 1850. 
T1i« dlitervtlinni hife been r«dui?e4 to mema vilueit ind th« hygromelrical reiultt hftTe b^a dtdnoed from *' GliitbeP*! Tibkt.'* 



l?Ain« dr Tsa Pi.Acia. 



Oairnity .«.....,.,**.«»*. 

Hebloo .,..« 

FAtmoulh. ....* * 

Torquay ., ...«,......«..«*.... . 

Tnir« '...,.. »•*«..,.. 

Ejitfter «..•..., ..*•• 

Chtclieftef .,. * 

Ucktteld 

Soatbaniplcm.. .*..,<... ^^.t*.,* 
Rd^aI Obftemnnory* Greeowlch . . . 
ir4ld«n Stone Hill, Oreeotiirlch .. . 

9t, John '• Wood ,.,,... 

Chiawttll'tticei, Ijoodoa ,..,*..., 

Aflcibury ,* ..«.. 

Stone ObMnrBtory *.* 

l1artiir4>IMne-r Aylefbary) 

H«nireJl Reclorf 

Leititiiide (8u<W)..,.. 

lUdcUfle Obtemtlory* Oxford ••« 

HoM Hill {«MAr Oxford) 

Gardlagtoa ..•.......».*••. 

Morirfch 

Holkhain »..., 

Notyofhsm * » ...*. 

Drrhy 

If incbettef «*.•..»*..., . 

HawAfdeii 

Liverpool «. 

WaJtefltld 

U«l» ,... ,.., 

3|Qiiyhanit *....* 

Yorit 

Whitrfaavcn ,*...,,..,. 

DarbAin 

N««viAtle ..,,,..• *.,.... 

I^ortb ahkcldt.... 

GlAt|£OW *......,.,. «...t .,>>... 



u 



Id, 



39M2 
39474 

30 Ma 

39-^7 
39-dlB 

n-m 

29-MO 

39-650 
39-697 
3y&7tt 

29 4S4 



r 



7«< 



|i 



li 



320 



04 



IS 



Dlreetltto. 



S,W,«tN,W. 

Vmr. 
W.&N.K, 
N. V S,W. 

Vai-. 

S.W. 



8,& W. 
8.W. & N.e. 

S.W.&N.W, 

N.E.&8.W. 

8.W. 

K.R.ftS.W. 

9. Ill 8.W. 

N.K. 



W. 
E, A N.W, 



]Udi. 



flO 



1*5 



>S 



■ 



0vBf4 
0747 

0'7&fl 

oaoo 

riU 

0704 
079» 
7&4 
0-1^4? 
0713 
07M 
fl71» 
777 
0778 
0763 

o-eiy 

O't^M 
778 
0-a40 
07«ft 

7ep 

0S4a 
07&n 
0783 
0B19 
0741 

o-ran 

7»SI 
7S» 
0-S«^0 
083« 
0^04 
D»84 



\l 



II 



14U 



90 



KAMS* Of TBB 



Dr. Hofttnu, F.R.S. 

L. Squire, mq. 

E. VirUn, Mq. 

Dr. Bar ham 

Dr, !lbji)iiter 

W. UiUm, ««q. 

C^ L, FHacv, ami. 

John Drvir, e»q . r*]| A.A. 

The AatrtiooEDfr Royil 

ilr. William £IIla 

Gr«rge i:.«Ach, esq, 

David Si4t^, ?«q. 

Thomas I>eU» eiq. 

Il«v. J.B, R««dc, F.B.S* 

Dr. Ltr^P.K.S. 

fUr. C. Lo«nidca« F.R.A.a. 

John Oabom, ««q., Jaitr, 

MJ.JcihDaon.«q.,F.P.A^ 

Rev.T,SlaUer,Mq.,F.R.A.8, 

a .C. W bitbread. wq , F, RJV.S. 

W. Braoke, eaq.. F.K,A.8, 

Tht £vl of Ldccater 

E. J.Love, e»q. 

John Davia, esq. 

G, Vernon » etq. 

Dr, UoflTatt, F.KJkS. 

Juhn ti«rtDOp»,e«q.tF.B.A.|. 

W. R. Milnrr, e»q. 

C. Cbam^ckf eaq^ 

Rev. A.Weld, F.B^.9. 

John Ford.eaq. 

J. F. Bimer,a»q., F.R.a. 

H. r. CarHn^Utn, caq. 

G. Uuraa, etq. 

H. ^jueiice« eaq. 

Dr. R. D.TbofDMni 



The meta of tbe mimbert In the firtt cnlumit ii 29-561 incbei, tnd it re- 
prcunii ttint partion of the fcadiog c»f the faiirometer due tn the prei»iire of 
■irj tbe reraaining prirtiun, or thit due to ihe prcisure of wftt*r, is 0322 
irtcbei: the lum at those two numbiiri ii 29874 iwchei, and it rcpreaenti 

Qimrierly Meitorohgieal Table /or di^ereni ParaUeli qf Latitude, 



the mein reiding of the btrorocter for ibe quarter ending Jone 30, 1850.— 
By taking the meAD of the numbt^nin the preceditig Table for tboie placei 
lituated betweca diScttni pArdleli of liliCudc, Ibe following Ttbte wai 
formed* 
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In Lb» Cmintlea of Cornwall \ 
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Baiwv^n tbe LatUudea of &3° V 
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Liverpool and Wbltebarea .... 


fii-d 


7ffl-« 


S4'fl 


11 '5 


300 


420 


457 


6-3 


49 


6-S 


8-8 


0-8 


•840 


1 **5 


u* 


$r 


Durham, North ah^ldia, and 1 
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The highest reading of the thermometer in air was 87" at Uckfieltt and 
Nottlniham J and Ibe loweat readjngt were 25*^ at Ucklield, atid 2G^ at 
Wttkcfidd. Tbe extreme range of temiierature during the quarter, in Eng* 
land, was iherefure ahuut 60° 

TIae Ica^t daily ranges of temperature took place at Guernapjr, Liverpooli 
and North Shielda — tlirir mean value waa 10'4"; and the greatest occurred 
»t UckfieldiAjleibury. and HArtw<;lE, and their mean value wai 21 3^. 

The Ipait monthly ranges of temperature occurred at Gnernsej, Torquay, 
aiid Liverjitioi— Ihelr mean value was 25*1°; the greatest took place it Uck- 



field, Aylesbury, and Nottinghaaa^their mean Talue wai 45*8^, 

Rain fell uii ihe least nucnher of days, at Heliton, Kolkhara, aod Norw^ck 
— the averaice noiuber at theae places was 33. it fell on the greateai nam* 
ber of days at North Shields, Wakefield, and Derby — Ibe average numhrr at 
theae placet was 56. The places at which the largest falls took place were 
Southampton, Stonyhursi, and Exeter; the averaije umouui at ihti^e |»Uc«4 
was 9 5 inchea. The smallest falla occurred at llartwell, Hoikharo, and 
Liverpool, and their average v^as 4 inchc^i. 
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OPEN TIMBER ROOFS. 

Gianets at ih§ Structural Principle of the Roof of Wutminater 

Hali^ and the indicatione of a dimmed Method of Supporting Roofi^ 
^ffbrdtd by eristing evidenccM in this Countrjf^ and analogous Con^ 
tinnktal Examples, By Thomas MoBBii, Esq., Architect. (Paper 
read at the Royal Institute of BritUh Architects, June ^4th.) 

llAViNe a few yearn ago, in a paper to whtch you did me the 
hotiour to liiten^ treated on medieval wooden roofs, and endea- 
voured to exemplify the itructuraljmncipleof that of We^tminiiter 
HhU^ I have not read with indirferenre *iome recently published 
advene opinions; and the grateful sense 1 entertam of your 
indulgence on former occaaiona, leads* me, thouj^h with much diffi- 
dence, to hring a few remark?, thus directly, imder the notice of 
gentlemen lo nighly qualified to exercise a judgment on the aubject* 

A* the opinions alluded to arose from the review of a popular 
and very useful collection of open timber church roofs, it may he 
at once stated^ that these are so inferior in size and scientific 
development to the finer domestic specimens (the boldest eccle- 
siastical example scarcely exceeding thirty feet, while Westminster 
Hall it iixty-eight feet wide), that I regard the volume in question, 
and its authors, as perfectly unobnoxious to remark, in a critical 
consideration of the matter. 

Thoae, indeed, who, from a conviction of the highly suitable and 
effective character of the open wooden roof for sacred, as well as 
civil edifices, vvould wish to revive and extend its application at 
the present time on true principles, will, I think, prosecute their 
object, with the fairest aim at excellence, by the dtligent examina- 



magnitude and ability of contrivance, than that of Westminster 
Hall. A recognition of the true sy^stem of its construction is 
calculated to he highly conducive to the progreaaive excellence of 
■uch works, and I shall esteem it a great satisfaction to he, however 
humbly, useful in so desirable a result. 

Two authorities condemnatory of this roof have been brought 
more prominently forward — namely Mr. Bartholomew and Dr. 
Robifton. The first of these says^ *' No work on the earth perhaps 
exhibits more exc^^llence of workmanship, and perhaps none shows 
more assiduity and skill of an inferior kind to obviate the thrusting 
power of the roof, but the whole being consjtructed on false and 
unscientific principles, it is in vain that this want of science is 
coiu-ealed by intricacy of framing and excellence of workmanship," 
If 1 am not mistaken, the writer here quoted has been entirely 
misled by the intricacy of the merely subordinate panelling or 
tracery; out as this will presently be more fully entered into, I 
shall proceed to Dr. Robiaon'a view of the case. 

** Westminster Hall," be says, "exhibits a specimen of the false 
taste of the Norman roofs. It contains the essential parts indeed, 
very properly disposed: but they are hidden, or intentionally 
covered, with what is conceived to be ornamental, and this is an 
imitation of stone arches, crammed in between slender pillars^ 
which hang down from the principal frames, trusses, or rafters. 
In a pure Norman roof, such as Tumaway HaU, the essential parts 
are exhibited as things understood, and therefore relished." 

It is surprising that a paragraph, betraying such extreme 
ignorance ot dates and architectural characteristics, should have 
emanated from a writer of the Doctor's standing, even in the laat 
century, and yet more astonishing that it should be put forward by 




^^n of those stupendous examples devoted to secular uses. In 
which the reaource-s of art are most fully displayed, They will 
thus b« best prepared to impart intrinsic merit to ecclesiastical 
works, too often left to rest their claim for respect on embelUslj- 
ments received from the carver or the colourist, 

Had we examples of this latter kind only, notwithGlanding the 
poetically typical significance and elaboration of detail posaessed 
by many, the charge against our ancestors of a total failure to 
aasimilate open roof^ with the compressible architecture, or that 
called Gothic, might have remained un con tro verted ; but, fortu- 
nately, we have instances of the most successful treatment, and of 
such none are more worthy of admiration, both for luiapproached 



a professional critic of the present day. It clearly shows, however, 
the impression that the internal parts of the truss really depend 
from toe main rafters, Excepting the lower part of the walls, the 
Norman hall of William Rufus was re-built three centuries after- 
wards by Richard the Second, who, on its completion, in the year 
1399, solemnised Christmas by a characteristically splendid feast; 
and every lineament of the roof, so far from partaking of the 
Norman manner, proclaims its origin to have been late in the four-> 
teenth century. 

The error in thus following Dr* Robison might alone warrant a 
doubt whether the concealments of which the writer who quotes 
him speaks actually exist, and whether his assertion, th^t ^' con* 

_=_ U 



THE CJVIL ENGINEER ANB ARCHITECT'S JOURNAL. 



itnLCtivG principletj if true, must he anti^Goihic; that to make 
open roofs beautiful and trutlifu]^ all Gothic ideas must be relin« 
qutihed, &c, "Have received from himself the reflection befitting 
Uieir unqualified ezpresaion. With respect to the remaining 
portions of the critique alluded to, I may say, with the editor of 
the journal in which it appeared, "that his arguments have not 
convinced ourselves;" ani then I will proceed toliring under notice 
that key to the construction of this truly wonderful example of 
carpentry which I ventured to advert to in this luBtitute six years 
ago, It waa, however, mentioned aa one amons' a series, and the 
prominence that will be imparted to it by thus receiving your 
attention in a detached form will, no doubt, secure the removal of 
any error it may contain, and the candid admission of any merit 
it may posseas. 

My observations went to show that the arch was not merely a 
very grand oniamental feature, but that it was abBulutely the 
essential principle and weight-sustaining medium of the truss; 
and should this hypothesis prove correct, the propriety of the 
Gothic, or the compressible system of design In carpentry must, I 
conceive, be admitted. 

Commencing, then, with the great arch rib^ which in its section 
ii upwards of two feet each way, and spans the width of the hall, 
we find, that dividing the curve from the epringing to the apex 
into three parts, the Urst of aucb divisioDs gives a point in the rib 
at which it is intersected by a massive horizontal beam of naarly 
©qua! dimensiooa with itself. This horizontal timber, called the 
hammer beam, extends outwards to the foot of the rafter, and is 
C4>ntinued in the opposite or inward direction to the same extent, 
so that if secured on a central pivot, this timber might be actei! 
upon as a scale-beam or lever of the first order, and if loaded 
equally at both ends would remain in its horizontal position, while 
the entire weight would be concentrated at the pivot and thrown 
upon the supporting arch* If, taking the hammer beam as a base, 
we draw a perpenoicular line from the inner extremity, it will be 
found to cut the rafter, or surface of the roof, just midway between 
the foot and the ridge, and taking this rafter or surface line as the 
hypotenuse, a triangle wi!l be completed. 

This triangle will be found to have an exact counterpart in the 
upper half of the roof; but as the weight is proportionate to 
the superficial area, it is only necessary to explain that this area is 
divided longitudinally into two eaual parts that under this divi- 
sional line a purlin exists, upon which is collected the weight of 
the upper half of the roof, and this weight is transmitted, by a 
vertical post, to the inner end of the hammer beam. The lower 
half of the roof discharges, in like manner, its weight on the outer 
end of the same timber, and the equipoise is thus rendered perfect. 

If the accuracy of this much be conceded, I think but Httle re- 
mains for discussion* The fitness of the skeleton for its intended 
purpose once seen and admitted— the graceful adaptation of th» 
tracery, and minor arrangements for supporting the slighter parts 
by aid from the stronger will be manifest, and especially so when 
it is recollected that gravitation is not the only force to be resisted, 
but that the powerful action of the wind, on so large a plane, has 
also to be largely provided against. In tracing the history of these 
roofs, I have formed the opinion that their type is found in the 
stone gab lets, or principals, employed in early halls, of which 
Conway Castle aJfords good examples, and a specimen alao exists 
in the Manor House at Ightham, in Kent. 

Professor Willis has remarked--*' A small chapel at Capo di 
Bove, about a mile outside Porta S. Sebastiano, Rome, figured by 
Agin court, has the roof entirely sustained by a series of pointed 
arches, resting on corbels, and entirely superseding the usual 
trusses/' I have not met with this illustration, but by the kind- 
ness of I^Ir, Railton, I can supply its place by the drawing of a 
chancel, in which he has carried the principle into effect* The 
more ancient employment of such gablets may be further referred 
to in tbe aisles of Hartlepool Church. Durham, where they exist 
in a perfect state ; and of St. Peter s, Northampton, where the 
remaining portions ciearlv indicated {at the time of my visit a f#w 
years since) their original use. The nave of St. Peter's Church, I 
am inclined to think, had its roof supported by a series of such 
gablets, above the alternate piers. The Church of San Miniato, 
without the walls of Florence, has precisely this arrangement, ex- 
cept that the gablet occurs over every third pier only; but in other 
respects the quatrefoil plan of the pier, and the appropriation of 
two of the group of shafts to the support of the nave arches (one 
at the back for the gablet across the aisle, and the fourth in the 
front, which is carried up on the face of the clerestory, for sup- 
porting the arch and gable over the nave) are identical in the two 
churches« 



Speaking of San Miniato, Mr. Galley Knight obserrei — **• Largt 
arches are thrown at intervals over the nave, connected with 
smaller arches, which are thrown over the aiales, at once aasisting 
to support the roof, banding the whole fobric together, and giving 
it additional strength. When these arches occur, the pillars are 
exchanged for compound piers, one shaft of which ia carried up to 
meet the arch above." 

At San Zeno, Verona (a Romanesque edifice, begun in 1138, and 
finished in 1178) every alternate pier ts a massive collection of 
shafts, with arches crossing the aisles and nave, aa in the above 
instances. So striking indeed is the resemblance in theae build- 
ings to many of our own Norman churches, where we find shafts 
carried up with no reference to the present roofs, and yat wdl 
adapted to the support of such gablets as 1 have been deacribin^, 
that there seema good reason to conclude that such features were 
at one time very general in this country, as well as abroad, and the 
question addresses itself to the attention of those entrusted with 
tlie restoration of our more ancient churches. 

Previous to the date of the Westminster roof, timber Erches had 
been applied in a form consonant to the general characteristics of 
their date, as at Nursted Court, near Gravesend^ and otheT places; 
whether the hall of Rufus was entirely covered by woodea fra 
or had stone supports, the construction in wooa of such a {^ 
as we have been considering, was the task proposed to himi 
and, in my humble opinion, nobly performed by the architect of 
liichard the Second, Of those indeed who, to prove the falsity of 
its principle, refer to the distortion it has sustained in four c^ntu- 
ries-and-a-half, it may be fairly inquired, whether the many failures 
in masonry warrant the denial of truth in the theory of the arch 
altogether. The term '* foliated'* has been ably advocated as appli- 
cable to the later wooden roofs, but in examples antecedent to the 
introduction of foliations as a common architectural feature, the 
roofs were, of course, without that characteristic; and in mcKlern 
works where cusps are excluded, as in lancet buildings, they are, 
I presume, still generally and properly omitted. Such unfoliated 
roofs *' possess," it has been aaid, *' the merit of giving a grand 
and church- like, though aiinple effect, without doing violence to 
the genius of its material,'' They certainly embody, in an eminent 
degree, the principle of rendering elegant the essential conatrue* 
tive elements, and of avoiding adventitious parts for ornament 
alcme. 

In concluding these remarks, I will advert for a moment only to 
the unfairness and futility of instituting comparisons between open 
wooden roofs and stone groinings, unless they were equally suited 
to our means, and depended for adoption entirely on choice. I am 
far from insensible to the charm of **the fret ted' vault,** but where 
is an example aa capacious as Westminster Hall, doubling, as it 
does, the breadth of our widest cathedral nave? When wood, ap- 
plied to the purpose of groining, is painted, and made to represent 
stone, a deception is clearly practised; but, regarding the arched 
ramifications of a natural grove as the type followed in ribbed 
vaultings, there would seem little impropriety in representing the 
'^^fair branches and shadowy shroud*' of the cedar fairly and osten^ 
sibly in timber. The subterfuges witnessed in the wooden groining 
over parts of St. Albans Abbey, York Minster, and other buildings, 
are, doubtless, owing to the ponderosity of stone. The sacri- 
fice of internal height, which many of our finest edifices have 
sustained from the introduction of stone groining (and which would 
bequite destructive of effect in buildings of wide proportion), layi 
them open to the severe remark upon the splendid outer dome of 
St. Paul's, of being ^*a mere imposing show, constructed at a v&it 
expense, without any legitimate reason;"' for it need not be men- 
tioned, that the groined ceiling never supersedes the ordinary 
roof, and between the two there often exists a chamber of con* 
siderable height, not only for the purpose of increasing the weight 
of the walls, and their ability to resist the thrust of the groin, but 
also to admit of building the latter under cover. The cost of the 
centring alone for a stone ceiling would, probably, pay for the deco* 
ration of an open roof; and the value ot fair groining, if taken at 
fifty pounds a square, which experience enables me to state as a 
nruximate sum, would place it quite beyond general applicatioo. 
While economy therefore confines us almost exclusively to the 
oiien form of roof, it is gratifying to experience the conviction, 
tnat it is truthful in principle, and, when arti«ticiilly treated, ca- 
pable of displaying, in the tallest and most graceful manner, the 
entire capacity of the building it covers. 

Rcmarkt, — Mr. Donaldson thought that Mr. Morris hid 
confined his remarks somewhat too exclusively to the pecuHaritie* 
of construction in the roof of VVestmiuster llall. lie had not, ui 
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hli fipinion, sufficiently alluded to the numerous other exam[>Ie8 
of ft similiir kind exitting' in this countrv'. It should be home in 
mind, that in the roof of Westminiter School, of which a drawing 
WAS eiliibited^ it had been found nece«saiy to introduce cross tie- 
rods to connect the opposite hammer beams. It was a remarkable 
fact^ that the flying buttresses of Westminster Hall are not placed 
exactly opposite the principals of the roof, and that a straight 
joint is to be seen between them and the wall: this w6uld tend to 
prove that the stability of the roof is not dependent on them, and 
that they had been prubably added at a late period, when the walls 
had evinced signs of weakness. 

Mr. MoBBis replied, that the object of his paper had been to 
•how that I he arch-ribs of Westminster Hall are not mere orna- 
aiental portions of the structure, hut that the weight of either 
tide of the roof is brought to bear upon two of the strongest points 
of <9«ch rib. At Eitbam the same principle was carried out, some 
eighty years later than in the preaent case. 

Mr. r. T. BvuY (Fellow), mentioned, that in the clerestory 
roof of St. Mary's, at Burv St, Edmund's, the hammer-beam con- 
struction is introduced alternately with the single arch-rib, and 
produces a varied and good effect, 

Mr. Bcx^LAifT (Fellow J, thought that no one could look at the 
roof of VVestminster liaH without feeling assured of its stability; 
and he was a»tonisbed^ that after it had stood the test of time 
during four centurieft-and-n-half, any one sliould venture, not only 
to decry its beauty, but actually to call in question its principles of 
eofistruction. 

Mr. C. H. Smith stated, that upon a close inspection of this roof, 

"^id ascertained that the foot of the arch-rib did not rest upon 

projecting portion of the moulded stone corbel, but that an 

Qal space existed between them; and he had been informed by a 

eompeient authoritv, that this is the ca«e with many similar roofs. 

Mr. Fowi^ER, V.V., said, that he also had an opportunity of 
elosely inspecting the construction of the roof of Westminster 
Hall at the time of the erection of the lantern, and of the general 
repair some thirty years ago, and he had observed the expedients 
adopted to secure the roof^ by means of bolts and ties, which 
eompensated for the decay of the pins and tenons of the framing, 
but were not required from any defect in the principles of the 
construction. With respect to the paper which bad been read, he 
gave the author great credit for his ingenious explanation of the 
principle on which this roof was construcled^-viz., that of ecfui- 
poising different portions;, and eventually bringing their whole 
weight to bear upon the points beat adapted to receive it. Mr, 
Smith's observations respecting the corbels did not, in his opinion, 
tend to disprove the theory advanced by Mr. Morris, hut rather 
thowed the prudence of those who constructed the roof; it would 
certainly have been very injudicious to allow the feet of the ribs to 
impinge upon the extreme ends of the corbels, weakened as they 
were, to some extent, by the mouldings. The ribs were, doubtless, 
continued into the solid of the wall. He waa glad to see that this 
mode of construction was not only admired, but had actually been 
carried eut in some of our modern buildings. 

Mr. Trr< (Fellow), thought that all the theoretical objecf ionsto 
the principle of construction of such roofs as Westminster Hall 
were most satisfactorily answered, by the mere fact of theii having 
stood the test of centuries; and he thought we might be well 
satisfied, could we assure ourselves that the roofs erected in our 
time would be in as good a state of preservation 450 years hence 
as that now covering ^Vestmin8te^ Hall, He also observed, that 
all tie-beam roofs are liable tu objection, on account of the shrink- 
ing and deflection of the timbers* 

Mr. PET^aosE (Fellow)^ thought that the arched form of the rib 
had more to do with the appearance than with the stability of the 
roof. He remarked, that in the roof of Westminster Hall timbers 
acting as struts had been introduced between the main ribs and 
the principal rafters; and he was inclined to consider that the real 
advantage of the ribs con!>i«ted in their acting also as struts, and, 
at the same time, binding the whole frame- work together, it 
should be remembered that there were many roofs formed on the 
tie-heam principle, which were well worthy of commendation — as, 
for instance, that of St. Nicholas^ at Lynn, in Norfolk, and many 
others in 5omert»etshire; and it must not be forgotten, that these 
roofs can be executed at a far less outlay than those constructed 
on the arch principle. 

Mr. G. G. ScoTT (Fellow), considered that the curved, or arched 
lib, was not useless. Its object was not so much to bear any portion 
of the weight of the roof as to prevent it ^reading outwards. 
This was done also, to some extent, at King's College. In a roof of 
^an, without a tie^beam^ like that of Westminster Uall, 



we had no right to complain of the existence of bnttresses; but, in 
his opinion, they were used rather as a precaution, than &om 
necessity. It must be remembered that the walls were 300 years 
older than the roof; and it was very probable that the buttrtates 
were erected with the view of counterbalancing any weakness that 
might have been produced by such a lapse of time. Had t)»e walls 
been new, buttresses, in such an erection^ could not be condemned. 

The CHAfBHATf thought it was worthy of remark, that the 
buttresses are so constructed as not to give their resistance at the 
point where the greatest lateral thrust is exerted^viz,, at the level 
of the stone corbels. 

Mr. G, G. SooTT drew attention to tlie roof of a remarkable 
ruin at Mayford, in Sussex, which was of 40 feet span, and had 
stone principals, or gabtets; the walls were of moderate thickneas; 
and, although the hall had been in ruins 300 years, these stone 
principals were quite sound. 

The Chairman. — The roof was counterbalanced bjr buttresses. 

Mr* Scott. — Yes; but the buttresses are in ruins, while the 
arches or principals are yet sound. 

The vote of thanks to Mr. Moaajs was then put and carried. 



TO THE EDITOB OP TBB C.8. AKO A« JOtTEKAIi. 

Sir — In the paper read by Mr. Morris at the Institute, on thi 
structural principles* of the Hoof of \V>stminster Hall, I have 
noticed what I consider to be an error in the principles of equili- 
hration that he assigns to that structure, and on which 1 have 
a few remarks to make. 1 agree with Mr. Morris that the 
great arch ribs are not merely ornamental additions to, but princi- 
pal supports of the roof; at the same time I must differ from him 
as to the system of equilibrium that he puts forward. If I under- 
stand Mr. Morris rightly, he says that the weight of the upper part 
of the roof is transmitted by means of the posts to the inner ends 
of the hammer-beams, which form levers, being balanced at their 
centres on the lower part of the arch ribs. Now, if the posts do 
not rest un the arch ribs, at the points k, /, this assumption is per- 
fectly correct* The upper part of the roof beings prevented by the 




eoHar-beam from Boreading, may he considered as resting on the 
inner ends of the hammer- beams, by means of the posts 3,/, <r, ^, 
and pressing vertically with half its weight on each* Mr* ftlorns 
then says: **The lower half of the roof discharges in like manner 
its weight on the outer end of the same timber, and the equipoise 
is thus rendered perfect/' Now, to this I demur. The weight of 
the lower part of the roof d, ft,/, will act vertically, not at the 
outer end 6, of the hammer-beam, but in the vertical line drawn 
through its own centre of gravity; and if the great arch rib inter- 
sect the centre of the hammer-beam, then at the point of intersec- 
tion. (This is speaking of the roof coverhig only, without reference 
to the weight of the frame; if this be considered as well, the 
vertical action of the lower half of the roof < i,/, will be inside 
the point k, in conseouence of the greater weight of the post <!,/, 
and the framing on that side of the point.) The lower portions of 
the roof rf, ft,/, e,^, c, will then each be in equilibrio, or will 
balance themselves on the points A, i, of the great arch rib : this, 
I think, is plainly evident on inspecting the diagram. The fi-ame 
ft,rf,/, with its proportional weights of covering, would plainlv 
not keep itself in equilibrio if the point A, were nearer the wall, 
but would undoubtedlv turn over on this point, and fall inwards* 
It is therefore impo&silble that the lower portions of the roof, only 
keepijig themselves in e^yilibrio, oyi also bdance the additioiuu 
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weiglit of ibe upf^er portion of the roof resting on the poit« at 
the points d^ €, It is consequently manifest that there wiil be a 
very considerable vertical pressure on the posts rf,/, e^ y, unsup- 
ported bv any counterpoise at the outer ends of the hammer^beanis, 
and tending to upset the frames d, A,^ e^g^ r, inwards, by turning 
them on the points A, i\ as centres; and this would undoubtedly be 
the result, unless this force were otherwise counteracted. Now, 
this pressure, I conceive, is carried by the great arch rib at the 
points Ar,^ where the posts intersect it; and it thus aiTords five 
principal points of support to the weight of the roof-«one at the 
centre of each hammer-beam, one at each post, and one at its 
apex m, at the collar-beam under the king post, which 1 conclude 
in this case fulfils the duty, not of a suspending tie, but realty of 
a post. The lower arches of foliation will aliio assist in sustaining 
this weight. The pressure thus thrown on the arch ribs is die- 
eharged at their feet on the wall; and their rise being so high in 
proportion to their span, they probably exert a comparatively 
small side pressure afninst the walL On the supposition of the 
upper part of the arch rib nut receiving the pressure of the post a 
rf, Ar, e, /, this pressure would of course he trans mi tted to the inner 
ends of the hammer-beams. We should then have it acting verti« 
cally, and resolving itself into a horizontal compressing force 
against the collar- beam at the points d^ e, and an oblique force 
against the points A. i, of the arch ribs. In this case the direction 
of this pressure will be very nearly a tangent to the rib at the 
points A, t, and will be transmitted by the arcb rib to the wall. As 
the wall is of considerable thiclfness, the direction of this pressure 
probably does not pass outside, but reaches the foundation within 
the thickneB« of the wall. The wall has also the weight of its 
upper portion above the springing of the ribs to assist it. The 
oblique pressure at A, i, certaimy tends to force the arch ribs out- 
wards, turning them on their springing as centres; but against 
this is opposed the weight of the rib itself, and also that of the 
arch of foliation, which acts in the opposite direction.^ Offering 
these remarks to your notice, if you think them worth a place in 
your journal, I am, &c.. 
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LIGHTHOUSE IN THE SKERKI CHANNEL. 

We extract the following description from a very able report by 
Mr. Alexander Gordon : — - 

"Admiral Sir Francis Beaufort suggested to me the importance 
of a lighthouse iu the Skerki Channel, for Keith's Reef, I am now 
able to assert confidently, that a lighthouse can be erected on 
Keith's Reef, showing a light of the greatest power 100 feet or 
more above the sea, capable of containing stores, provisions, and 
water for four men, or even more, for six months, and at an expense 
not exceeding 17,000/, The rocks are compact limestone, in extent 
nearly half-a-mile long, and one-third of a mile broad, with a small 
space of about six feet square, even with the water's edge. 

"The sketch is partlv an elevation and partly a section of such 
a liglithouse as I would propose for Keith s Reef, to show a light 
of the most powerful character at the height of 93 feet above the 
water level, and the tower sufliciently spacious to contiun even six 
men (if such should be required by stress of weather) for six 
months, and all necessary lighihouse stores, provisions, and water, 
with ample space for exercise, and for live stock. 

"A strong wrougbt4ron bar should be at once jumped into the 
centre of the area of the neak, and immediately succeeded by other 
wrought- iron bars, on which to form a crow's nest, or an open 
platform; from this the surface and edges of the rock could be 
cleaned of the large quantity of sea-weed now upon it, and a small 
crane would enable us to have the edges of this rock trimmed and 
undercut, and a circular seat rudely prepared about six feet under 
water. It may not, however, be necessary to go to such a depth. 
A few sections of this seat will enable us to ca^t lead i^labs weighing 
a ton and a-half or two tons, such as can be dovetailed into each 
other, and fastened together with lead joggles and dowels driven 
in hard, and the wliole of the seams closely chinced or caulked 
with lead. This wall of lead will then be carried up about 15 inches 
thick, with the seams all chinced together below and above the 
water line, so as to prevent percolation of water. This lead wall, 
where above water, will have its seams all run together with a 
powerful blow-pipe. We may even manage to cast the upper 
portion of the lead wall upon the lower part. 

'*The original iron rods will now be at their upper ends worked 
Ijito the loner and dry side of the lead wall, forming bond at we 



proceed. At the extreme base of th« tower the water will now be 
shut out by warm gutta percha, and then by hydraulic cement. 
Lead will then be run in to make the base perfect; a core of 
masonry perfectly bonded together is to occupv a great part of the 
interior. The Hxed crane post may then be ouilt io, and thus be 
converted into bond and load; even if it should in some degree 
oxidise, the rust will do good rather than harm. 



■ -'"Sriiiiim 



'*tiead is no doubt a costly article as estimated below, but its 
durability in s*ilt water; the facilities which it affords for making 
perfect bond; its inertia; and its not being susceptible of vibra- 
tion, point it out as the best materiiil under the circumstances, 

*'The lead walls are tn be carried up about 24 feet above thf 
water-Hne, and upon them and the core of masonry (the latter ia 
many places bonded together with lead), there will be a super* 
Htructure of east-iron bonded together with wrought-iron floors 
»nd fastened down to the rock by many very strong wrought-iron 
ties; which latter will not {where there is moisture) be allowed 
to c^ine in contact with the lead. The junction of the iron shell 
and the lead wall must have special attention. In the event of 
oxidation of the iron t« any considerable extent, such plates can 
be removed; and if the oxidation be small, we C4tn repair th« 
damage by sera pi n^;^ away the oxidised iron and running in more 
lead in its place, fhe superstructure would be much the same »» 
that uf my other lighthouses. Its cost may be estimated at IT^CKMk/. 

" Albxanokb GoanuN. " 



B OVERSHOT WATER-WHEEL, 

■r Sib — A reader and admirer of your excellent Jmtmal^ 1 have 
HlateJy perused with int^^reiit a paper reported in your August 
■bumber, for last year, read by Mr. Fairbairn, at a meeting of the 
■j'lnstitution of^CiviJ Engineers," upon the subject of ** Ventilating 
JWater-Wheela." To the value of this improvement in hydraulic 
^machinery I am enabled to testify, having erected, in this nei^h- 
H^urhood^ as far back as 18i3, an overshot water-wheel upon that 
p]principle, although with different form of hupket (a description of 
" vhich I forwatded to England at the time*) 




My immediate object in troubling you with the following remarks 
I chiefiy in reference to an observation of Mr. Fairbairn'a, which 
sppears to me to require explanation; to the effect, '^that the 
principle of ventilated water-wheels is not so essential to high 
Jallg^ being more e.rpenjHve.'* I beg leave to submit the enclosed 
diagram, which will tetttify that it is posHble to avoid the objection 
af expense in such wheel»^the cont of such as this certainly not 
ejcceeding that of the mo^t simple of the usual forms of bucket. As 
rcgarda "high falls/' it might be remarked (were it not admitted 



as an axiom), that such is even the mo«t economical mode of 
application if the power is "<m the level;" and, as it cannot but be 
admitted that the other advantages of the principle are applicable 
to the overshot wheel (the same necessity existing in these., as in 
others, ^''to carry down the water as nearly as possible to the 
vertical centre, and there allow it to escape with faciLty"), its 
application to this description of wheel i» equally important^ 
especially where economy of motive power is an object. 

The above objects are obtained to a very considerable extent by 
the angle, and fonn of bucket, and mode of ventilation, as shown 
in the diagram. An overshot wheel, 26 feet diameter, has been 'in , 
succeeaful operation since 1843, realising a great economy of power, 
with increased effect. 

My immediate object at the time of erection was to economise 
power— the old wheel requiring an accumulation of water during 
eight hours of the twenty-four. After much consideration, how- 
ever, of the various improvements which suggested themselves upon 
Smeaton*8 form and make of bucket, 1 determined to prove^ by 
confining myself strictly in the new, to the dimensions and 
materials of the old wheel — 1 should say, as to diameter of wheel, 
number and width of buckets, and depth of shrouding; strengthen* 
ing the arms, however, with right -angular flanges, to obtain 
** stiffness," At work, the wheel perfectly answered my expectations, 
the stream being more than sufficient to work the wheel without 
aC'Cumulation, and more efficiently ; proving the value of the 
principle applied i& fmerwhot v^heel» — at least, with proper form of 
bucket. 

The form used being quite different to any hitherto adopted — 
simple and effective, and applicable also to breaat wheels, the mode 
of obtaining it may not, perhaps, be without interest. It is formed 
by a right angle drawn from the vertical radius, at the inner cir* 
cumference of the shrouding (at foot of wheel); continued at a 
slightly decreased angle througn the outer division of the shrouding 
(for the purpose of assisting the retention of the water to the 
lowest point). The sole of the bucket is formed by the next following 
radius, intersecting the line or tangent; and the inner line, by the 
sheathing of the wheel, as high up as the openings left for the 
exit and admission of atmospheric air; the angle of this being 
slightly altered from the ^^ circle*' to facilitate the passage of air, 
by its collision with the sole of the advancing bucket* 

I adopted the above angle and form of buclcet as best adapted to 
support and retain the umter to the lowest potnble level; and by admitting 
air to the buckets, my object was not only to effect a rapid discharge 
of water at that pointy but also to facilitate its admission to the 
hucketti at the head of the wheel ; not only to insure economy of 
water, by preventing loss by splashing, hut to obtain the greatest 
possible ^ective pouter^ by retaining the water in the wheel. 

It might be supposed that an escape, or loss of water, would 
take plac-e througn the openings of the upper buckets; this, how- 
ever, at a speed of five to six feet per second of the periphery, is 
not the ease, the resistance of the air, whilst escaping througli the 
openings, being sufficient to prevent leakage until the velocity of 
the wheel has carried round the bucket to a level sufficiently low 
to retain the charge of water. The conical fonn of bucket assistfi 
also the admisHion, as it facilitates the exit of the water; (the 
quantity of atr admitted at that point is in proportion to the 
velocity of the wheel.) The wheel is, in fact, perfectly water-tight^ 
as it i* reJeaeed from backward pruiure^ arid ejrceeUinglg retentive. 
By these means I obtained 

Economy of motive power; 

Increawe of working power; 

Freedom and regularity of motion; 

'* Stiffness," or inflexibility of construction; 

Without increase of Expense; 

Depth of shrouding should be avoided; extra power obtained by 
width (or breadth) oiP wheel. 

I can conscientiously advocate the adoption of the principle of 
"Ventilation" to the "Overshot Wheel ; which application of the 
system does not appear to have been contemplated by Mr. 
Fairbairn, and to have been actually considered as impraetktibitf 
by gentlemen present at the meeting, 

I am, &c., 

Thos, B. DoDnsoXj Manngtt. 
Ponta de Area Ironteorks and Dockyard^ 
Rio de Janeiro^ Mag ist^ 1850. 
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CHEMICAL COMPOSITION OF WATER. 

Pbofesbor Way, Consulting Chemist of the Royal Agricultural 
Society of Englan<i, delivered a lecture before the members, at 
their house, in Hanover-square, on Wednesday, the 19th of Jane, 
^^On Variathm in the Chemical Comprntion of fFatery <w affecting 
iU AgrimUtural L'm," 

The Professor commenced his lecture hy ttatin^, that he intended 
on that occasion to call the attention of the members to three 
important head* of inquiry connected with water; more with a view 
to elicit from them practical illustrations founded on their indivi* 
dual experience, than to offer anything particularly novel or estab- 
lished. These heads of inquiry were the following, namely--l. On 
Water for Steam and other Boilers: the means of ascertaining its 
comparative suitableness for that purpose, and of counteracting its 
tenaoncy to incrustation, £. On Vvater for Irrigation: its chemical 
impregnation, and the theory of its action, 3. On the influence 
of Water, obtained under different circumstances, on the health of 
Cattle, Horses, and other live-stock on a farm. He remarked, that 
as the first head of inquiry related to the mechanical and chemical 
agency of inert matter, its details came within the range of 
analytical investigation; and he would be enabled to speak with 
much confidence on the facts he had to bring together under it; 
but at the other two heads included n reference to local circura- 
Btancea, and to the influence of the vital operations of vegetation 
and animal physiology respectively, in the production of resultn, 
what he had to say on these points would he much leas decisive, 
and advanced more for the purpose of seeking than for giving 
information. 

I, Water for BoUen, — The water from the clouds reaches the 
earth almost pure hi a chemical aense, as a homogeneous liquid, 
composed of the elements oxygen and hydrogen. It was distilled 
from the sea and land, and from the leaves of vegetables in a state 
of purity, and formed clouds; from which it again fell at intervals 
to the earth through the atmosphere, bringing with it only very 
minute traces, varying according to circumstances, and frequently 
inappreciable by the chemist, of carbonic acid gas, ammonia, nitric 
acia, and the eMuvia arising from animal perspiration and the 
de con* position of animal matter. On reaching the land, however, 
its solvent power immediately came into operation, and it beCiama 
impregnated more or less with the soluble substances with which 
it came in contact; common salt and gypsum were always dissolved 
by it, while lime and other substances were taken up by it when 
there happened to be an excess of carbonic acid gas present. In 
order to illustrate this fact, the Professor exhibited to the members 
a isimple and striking experiment. Three glass vessels were con- 
nected together by means of bent glass tubes; the first vessel 
contained fragments of marble (as a pure variety of native 
carbonate of lime); the second, distilled water; and the third and 
laat^ a clear solution of quick lime in pure water (or lime-water.) 
On adding dilute muriatic acid gradually to the marble in the first 
vessel, carbonic acid j^s was disengaged in great abundance, which 
pasiiing along the tubing into the middle vessel, wa^ there washed 
and freed from impurity by its passage through the distilled water, 
and then proceeded* by means of a connecting glass tube, to the 
lower part of the inner surface, where it continued to bubble 
throughout the clear lime-water. After a few moments the lime- 
water became turbid. The Professor remarked, that this effect 
resulted from the conversion of the lime into insoluble carbonate 
of lime (or chalk), by its combination with a first proportion of 
the carbonic acid gas passed through it, In a few moments after- 
war da, howe\*er, the liquid regained its original transparent 
appearance. This change, he explained, arose from the further 
Bupply of the same acid gas, constituting the insoluble carbonate 
of lime a soluble super-carbonate of that earth; the liquid, in fact, 
being then a solution, not of lime in water, as it was originallv, 
but a solution of bi-carbonate of lime, or of chalk rendered soluble 
by excess of carbonic acid. To prove that this was the case, the 
Professor took the flask containing this solution, and having placed 
it over a spirit-lamp, caused ebullition to take place. After boiling 
for a short time, the liquid again became turbid, from the circum- 
stance of the heat expelling the excess of carbonic acid, and again 
reducing the carbonate of lime to the state of insoluble chalk. 
He then proceeded to show how this experiment illustrated the 
change which was found to take place in the waters of limestone 
districts, which were naturally charged with carbonate as well as 
the sulphate of lime; and also how it happened that, while water, 
rendered hard by sulphate of lime only, did no injury to steam- 
boilerd, as that salt waa not deposited on raising the water to a 



boiling temperature; hard water, on the contrary, holding a la?^ 
amount of carbonate of lime dissolved in it by carbonic acid, did 
the greatest injury to them, by gradually depositing, on being 
boiled, such carbonate of lime at the bottom of the steam-boilers, 
until it amounted to a hard calcareous incrustation. 

Hard ITafm— Water was always rendered hard by holding in 
solution either the carbonate or the sulphate of lime; and, accord- 
ingly, when obtained from wells in the chalk, oolitic, and limestone 
districts throughout the kingdom, was always hard; becoming 
turbid when boiled, apd depositing its carbonate of lime on that 
part of the internal surface of the boiler nearest to the fire. As • 
familiar instance, he named the fur or crust in teakettles, in 
districts where such water was used; but in the case of steam- 
boilers, this deposit was one of the greatest evils that could be 
imagined. The hard calcareous incrustation in immediate contact 
with the iron plating of the boiler, amounting in a few weeks tone 
less than from two to three inches in thickness. Profetisor Wikf 
explained how the injury arose in this case — namely, from the effect 
which the adhering crust had in preventing the transmission of tht 
heat, received by the boiler from the fire, to the body of water 
within the boiler. He cited many curious instances of the cooling 
efl*ect of this free transmission of heat on substances under other 
circumstances most fragile and combustible; and the contrary effect 
when the transmission of such heat was obstructed, as io the case 
of calcareous incrustation, when the heat wag arrested by the solid 
filow-conductlng body, and the temperature raiaed above that of 
boiling water. He stated that, however odd it might sound to 
make the statement, it was no less true, that water might be boiled 
in an orange-peel, in an egg-shell, or in a vessel made of thin wood, 
or even of common writing paper; the heat applied to the external 
surface being rapidly transmitted to the M'ater, and the heat carried 
off in the steam generated, while the material employed for the 
boiler suffered no inj urious effect from such application of heat. 
He related a singular instance of this kind, in ttie case of a perwon 
at Liverpool, who had frequently had his cotton-mill burnt down. 
The party in question imagined, that if he had a large reservoir 
for water placed at the top of his factory, constructed of wood 
instead of metal, the wood, in case of fire, would be immediately 
burnt to ashes, and the water would consequently be set at lib 
and extinguish the fire. The fire unfortunately did break 
again, as it was feared it would, but the wood, instead of h _^ 
charred or burnt, remained entire, and, being encircled by tbc 
flames, the water continued to boil in its wooden reservoir aa long 
as any remained. The furring of a boiler preventing this trana- 
mission of heat, and thus causing injury to the substance of the 
boiler, was the reason why, in some districts, where the water wu 
charged with bi-carbonate of lime, the boilers were found to watf 
out sooner than in others; and why the railway companies had 
been led either t<} seek for soft water, or to soften the hard water 
they had been in the habit of using, by the addition of some 
substance that would prevent its furring their boilers. The Londoa 
and South- Western Mailwav Company had used the eubstanee 
known in commerce as sal-ammoniac, with great suocefts; hf 
dissolving one ounce of It in 90 gallons of water, in tanks ke|!t 
specially for the purpose. This substance was the neutral salt, m 
long familiar to chemists as the muriate of ammonia, being^ a eon* 
pound of muriatic acid and ammonia. Its action in removing 
the hardness of water arising from bi-carbonate of linie wts 
explained by Professor Way in the following manner. When 
muriate of ammonia and carbonate of lime are brought together 
in solution, a double decomposition ensues, each of the four com- 
bining substances changes its relative position, and two new salts 
are the result— namely, carbonate of ammonia, which is volaiili, 
and accordingly makes its escape into the atmosphere; and muristt 
of lime, one of the most deliquescent salts with which chemiiti 
are acquainted, and which consequently remains in the water in a 
state of complete and almost permanent solubility. It mi^bt^ ht 
remarked, be said, that the ammonia of the sal-ammoniac carried 
off the carbonic acid, while the muriatic acid dissolved the lime, 
thus liberating the water from the chemical conditions noder 
which its hardness was occasioned. 

SqftmiTig Water. — Professor Clark, of the University of Aber- 
deen, had, however, proposed a plan for i^ftening water rendorfd 
hard by carbonate of lime, which Professor Way considered much 
better than the one just described, and which mi^ht be adapted to 
the uses of agriculturists. This plan consisted in adding to such 
water a certain quantity of quick lime, which would unite with the 
excess of carbonic acid, and become converted into carbonale sf 
lime, at the same time that it would reduce by suob abstriolianlte 
bi-carbonate also to a state of carbonate, ana |>oth being intotojiii 



iiaieiy 
tibi^Jr 



*^i^ 



IGINIERAKD ARCHITECrS iOimNAL, 



^ 



lliej wauld^ of course, full as precipitates to the bottom of the 
ve»c l, or other encloiure in which the water was contained, leaving 
the iratcr entirely free from the bicarbonate of lime to which its 
hjirdne^ had in a great meaMure been owing-. He then proceeded 
to describe Professor Clark's system of soap-tests, for ascertaining 
the relative degrees of hardness possessed by certain waters. He 
remarked that hard water, as was well known, curdled 8oap, which 
would not produce a lather until such hardness had been overconne. 
Professor Clark had recommended a tjolution of white curd-soap in 
fijpirit of wine of a certain aren^th to be employed in this testing. 
This solution would at once produce a lather with soft water, hut 
not with hard water until a certain quantity of the solution had 
been added to it for the purpose of counteracting the hardness; 
when lather of a proper 6rmneH8 liad been gained, the amount of 
standard solution employed to produce the effect indicated the 
degrees of hardness of any particular water; thus a standard of 
eempMisaii was established, by which the choiee as to different 
Murceslrom which it would be most advantageous to procure water 
muid be satisfactorily determined. Professor Way then performed 
an experiment with this soap-test^ on spring-water from the chalk 
at Croydon, in comparison with water from the Thames; the former 
indicating a hardness of about 18°, and the latter of about 15^. 
The operation consisted Bimply in adding to the water, from a 
graduated pipette or suction tube, successive measures of the 
solution, until the water when shaken up maintained a lather on 
its surface for five minutes* The number of measures then indi- 
cated the quality of the water, two soap measures being equal to 
one degree of hardness. The process was described as easy, exact, 
and simple; and one which might be practised by any gentleman 
who was interested in such subjects, without spoiling either his 
furniture or carpets* It would also indicate the hardness resulting 
from the presence of sulphate of lime, as well as that from the 
bi-earbonate; though, as he had previously remarked, water 
hardened by sulphate of lime o0ered no objection for use in steam* 
boilers, as the sulphate by boiling did not become deposited, as was 
the case with the carbonate; In an economical and domestic sense^ 
however, water rendered hard by either of those salts of lime was 
objectionable. Professor Way then observed, that Professor Clark, 
in recommending quick lime to soften water containing the bi- 
cadbonate, advifted such quantities of lime to he added as a prelim 
minary trial by the soap-test process should indicate as being 
requisite. Such water would, by this process, be rendered soft for 
domestic purposes, and for steam and other boilers. The only 
di£&culty consisted in tanks being required for the due subsidence 
of the chalk thus brought into an insoluble state in the water; 
but that was an obstacle which would no doubt be surmounted, 
when it was considered how great the benefit of this plan would 
be ibimdH, not only in ordinary families but in union-houses and 
pnsona; that it was estimated that in London alone 600,000/. every 
year was expended in the purchase of soap, one-half of which was 
wasted in the hardness of the water; and how important a point 
it waa in the processes of bleaching, dyeing, and other staple 
manufactures carried on at Bolton, Manchester, Bradford, and 
other places, to have a soft water in which lime was absent; it 
would, he thought, be weU worth the while of all parties interested 
in so important a question to make arrangements for the depositing 
tanks required* The Professor concluded this part of his subject 
by throwing out hints by which soft water might perhaps be artifi- 
aally obtained on a large scale, and at little cost, where it did not 
occur naturally. He remarked, that water was found by experience 
to become softened by passing through the soil; water, only, 
however, which was rendered hard by the bi-carbonate of lime. 
Thames water filtered through clay made permeable by the 
admixture of sand, was found to become as soft as by Professor 
Clark's process, Drninago water through regularly permeable 
stiff soils was more suitable for steam-engines than spring- water. 
But whether water thrown over the land would by that means 
become soft, he was not prenared to say* When, however, it was 
considered that one acre of land received every year on an average 
500,000 gallons of pure rain-water, sufficient for the wants of 35 
people during that period, it might be a question whether poor sandy 
lana or bad moor land might not be covered with flat tiles for the 
purpose of collecting the rain-water, which might be conveyed In 
earthen pipes to the places required for its use. He merely offered 
this Buggciition fur the consideration of parties more conversant 
than himself with the practical bearings ot such an undertaking. 

II. Water for Irrigation. — Professor Way remarked that^ for the 
purpose of irrigating, he thought that water should be hard, and 
aot soft as for other purposes: that it should contain the sulphates 
~ onates of potash, soda, and magnesia, including organic 



matter, as all these were substances that would be taken up and 
retained by the land. If this view of the subject were the correct 
one, it would follow that the water in granite districts would, from 
its softer nature, not be so useful in irrigation as that in other dis- 
tricts where lime and other earthy substances were dissolved by 
the water passing through them. On a former occasion Sir John 
Johnstone had named to the council the failure of some irrigation 
of his from the supposed circumstance of the absence of mineral 
and earthy matter in the water, from the water in fact being too 
pure for the purpose. Sir John Johnstone being thus appealed to, 
replied that, in the water to which Professor Way hau alluded, 
there was no trace of lime whatever. The irrigation had been laid 
out by the late Dr. W, Smith on a thin moorland sandstone rock; 
there was no lime whatever. Professor Way then proceeded to 
say that, in Derbyshire, and at Bala Lake, in Wales, the water 
was exceedingly soft and pure, but considered as unfit for irrigation* 
He felt no doubt that irrigation would become much more general 
than it had been; and the subject was more interesting at the 
present time on account of the Society's ensuing country meeting 
being about to be held in Devonshire, where irrigating operationi 
had been so successfully carried out. He should, on that occasion, 
select specimens of the different waters, under different circum* 
stances, for the purpose of analysis^ in order that he might report, 
as requested by the chemical committee of the Society, the result 
of his inquiries on that interesting branch of his researches. It 
had been found, by ascertaining from analysis the nutriment re- 
quired by the hop-plant, that only those soils that contained phos- 
phate or lime and potash, would be suitable for the cultivation of 
that plant — such soila as those on the green sandstone of Sussex, 
Kent and Surrey; and that what theory had thus prescribed as the 
eondllion, practice bad actuaUy proved to be the most advan- 
tageous in fiict, the cultivation of nops havin|r been most success- 
fully carried out on the soils in question. He thought it would 
also be found, analogically, that successful irrigation would pro- 
bably be found to be confined to certain districts — namely, to the 
limestone principally. He thought it might be a question how far 
the influence oi that operation waa due to the temperature of 
the water, or its chemical composition, or to both ; he himself 
considered the chemical nature of the water to be the most es- 
sential; at the same time^ he was free to confess that we had 
all to learn up<m this subject, and he trusted that an inspection 
of the Devonshire meadows would lead to further inquiries on 
the important questions connected with this subject, 

III. Water for Cattie. — The Profesaor commenced this third head 
of his lecture by remarking that he believed it was a generally 
observed fact, that cattle liked the water of ponds, while thejr 
disliked that of limestone springs; that they preferred to quench 
their thirst in a green offensive collection of stagnant water, rather 
than in a running spring. In Bedfordshire he had seen cattle 
much relish a bad water filled with confervHB and animalculw; 
which, however, was the only water to which they happened to have 
access. Farmers generally supposed that the cattle were fond of 
such water, on account of the green vegetable matter it contained; 
and a distinguished professor had explained the fact by supposing 
such water to be "meat and drink" for the cattle. It was certain 
they did not like hard water; and it gave a staring coat to horses 
when they were obliged to drink it; and when it was considered 
that water in chalk districts contained from 60 to 70 grains of 
carbonate of lime in the gallon, while Lundoa water (which wae 
hard compared with others) contained only from 15 to 16 grains, 
it would he obvious how much difference would be found to exist 
in different waters. He regarded a good supply of water essen- 
tial to health, and thought it a point of great importance to 
ascertain the kinds of water most suitable to the animal economy 
under different local circumstances. Professor Way concluded his 
lecture by eipressing a hope that the members present would 
communicate to the meeting such cases of the practical ejects of 
hard water on the health of cattle, as it had been his object, in 
the remarks he had then made, to elicit from them. 



Filter ft^ Snt Water,— SL Csfdso litely described at the Academy of 
Sciencei ■ new tystCEn of filienng iaUnded to make lea water drinkftble. 
ThcappantDi coDiiati of aiyphoo, the long tube of which ii filled with 
powdered charcoal. The author italei thit the let-witcr after bavinf 
trtvened thii lyphon has loit itt nameom tavour, and that the saline uitc 
which rcmiini is scarcely to be detected sifter it ii mixed with wme. Mil. 
Bccquerel and Pouillet are eamed commissioners in cxaTnioe into this com* 
muaicatioa, sod we hope it will be tried at iea« 
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DOVER MARKET AND MUSEUM, 

£DMt7ND WooDTitORFB, Architect. 

(ffith Engraving^,) 

Ths building here represented has been lately erected for the 
purpose cif tiWoTiilng to the inhabitants of Dover the twofold 
advaiiln^e of a market and musf»um. The ejt|»enBe of erecting 
that portion of the building furminjtf the mu*>eum has been defrayed 
fcy tnesms of a balfpeimy rale — an act hnvin^ been recently passed 
fc>r the purpose of favouring such elipfible undertakings; the 
expenses of the market beiitp: defrayed from a separate fund 
dependent upon a toll. The d liferent parties interested in this 
laudable scheme have united their resources upon the principle of 
utilitarian economy; hence the very agreeable and profitable result 
of adding a most valuable and effective feature to the town of 
Dover. 

The market, which serves ae a basement to the museum, is 
surrounded by arcade^s, and is subdivided in the interior by cast- 
iron columns, which act as the main supportis to the floor above. 
The staircase leading to the museum Kjinrjf^s from a recess witliin 
the centre arch of the main front of the biiildintr, and h so planned 
us to completely separate the museum from the market below; 
The pieri of the arches in the principal front are of stone; the 
remaioder of the building^ is of brick, stuccoed. The building is 
65 feet wide by lOO feet in depth; its cost in erecting was 4,UQ0/. 
It has been built from the designs and under the superintendence 
of Mr. Edmund Wcwtdthorpe, of London. 

We congratulate tlie projectors of this scheme upon having 
sf^leeted so appropriate a style of architecture for their buildirijr; 
the pure Italian style — of whidi thiis building presents n graceful 
specimen — ^ being so completely identified willj the gr<>wth of 
intellect and the march of modern civilisation, in in the highest 
degree applicable to an edifice the cliief purpose of which is so 
illustrative of the progress of learning and the developaient of 
taste which mark the present era. 

It will be remarked that in the composition of this design, much 
playfulness of effect is produced by a juiliclous treatment of 
very simple materials; the coupling of the pihisters at the angles of 
the building is an expedient much to be commended in this 
instance: for this feuture not only completes the design whit-h 
otherwise would appear as a mere portion of a facade, but it pro* 
duces great variety with appureutly but little effort; and is more- 
over agreeable to reason on the srore of giving an apoearance of 
strength to those parts of the buihiing where additional strength is 
required. In compof»itions of this kind the coupling of the columns 
or pilsisters at the extremities of the facade should ever be cousi- 
^^red tt^ a stringent law. Considering the t%vo very different 
Hbj(*cts for M'hich this building was erected^ the comjiositiiin as a 
Bliole possesses tlie very groat merit of displaying a fit and appro- 
Hriate character, 'Ihe establishing museums in our provincial 
^Mwnfi is uu interesting subject; and one which tis regards our own 
Country presents the charm of novelty, ^Ve therefore feel much 
ltt«ii»ure ui selecting it as a theme for further considetatiou. 
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WATER SUPPLY FOR LIVERPOOL. 

Ikpqbt or Robert Stephexsox, t'*K., rm the Supply qf Water 

to the 7\mn of Liver p*wl, 

(Cmtdnued /rom page 235.) 

\s the outset of this investigation, I certainly was not prepared 
fuid that the multitude of Hssurcs would not enable a greater 
^iiantity of water than has been proved by observation and ex- 
periment to flow to any given spot, as I was aware of the jyreat 
facility with which water passes through some of the highly 
^ured primary rocks, us well as the mountain limestone and 
E^me portions of the chalk formation, which sometimes give birth 
"; one point to considerable rivers. The difference is doobtlesa 
ring to the fissnrcs being less in the new red sandstoue at Liver- 
ol tliun in those formations, and with such a variety of results, 
; is evident that experiment in each locality becomes the only true 
f to the detenniuation of the actual resistance offered by any 
cular formation to the free passage of water. The tri:ds now 
jilt together, which have been made in and near Liverpool, 
would appear to show distinctly that a larger supply^ from one 
oint, than about 1,000,000 gallons a day cannot be tutfely calcu- 
feted on; and several distinguished scientific men and engineers 
in this opinion. It also appears that the wells, to yield 




large quantities of water, must be at considerable distances anart« 
With the conviction thus impressed on me that none of the 
plans hitherto suggested is adequate to the supply of the present 
and prospective wants of Liverpool, and, as no efficient scheme 
has, to my thinking, been brought forward for rendering fully 
available the supply of water in the sandstone, I venture to 
devise a system of independent wells, placed throughout the 
district, and lying generally to the east of Liverpool; and the 
stations at Green Lane and iV^indsor, so often already referred to, 
afford again materials for estimating the cost of such a plan, 
without iiability to material error. 

The cost of the Green Lane pumping establiitenent, exclusive 
of that of mains, is already stated to have been aMut 19,000/. and 
the \V'indaor station nearly ,30,000/, The former is scarcely com- 

Idete^ having no cottages tor the engine-men and hremen; and the 
atter has a valuable parcel of disposable land attached to it. 
But judging from these instances, 1 think the cost of each of the 
new station^ at a greater distance from the town may be fairly 
taken at 2O,0OO/, The price of the land uiight, from the localitiei^ J 
be somewhat less than at the existing stations, while engines of J 
greater power would be reouired. Green Lane and Windsor are ' 
together equal to the supply of ^,000,000 gallons a-day; so that, < 
assuming that they will continue this supply permanently, and 
that the total quantity required is 8,000,000, six new stations must 
be constructed, which, at » cost of ^20,000/. each, will amount to 
120,000/,; and as the mains connecting them and the storage 
reservoirs at Kensington will cost about 48,000/,, there will he 
(with 10 per cent, for contingencies) a total cost of 185jO(x»/. 
requisite tor the present supply; and for 11,000,000 of gallons?, 
which will be required at the end of about 10 years, the cost will 
amount to 277,000/,, — an amount apparently in excess of the cal* 
culations already given, but in fact quite consistent, as the rela- 
tion between the cost and supply cannot remain the same fori 
quantities from different distances, ' 

The first objection which will perhaps be made to this plan \% 
the want of concentration, upon whii-h so much stress has been 
laid, and which in some manufactures is doubtlesti the very essence 
of cheap production; but it is not so applicable in a case of the 
present kind. The chief argument that has been adduced in its 
support reb<ts upon the opportunity it is supposed to afford of dis- 
pensing with duplicate engines; whereas, with so many constantly 
at work, the failure of one will produce Hlight inconvenience, and 
the objection mav be entirely obviated, by having an additional 
station, to be worted in case of need. Besides whieh, in tsupplying 
a town varying in level from a number of detached pumping sta- 
tions, the water need not all be pumped to the highest reservoir, and 
the saving of power would fully couipensate for any advantages 
derivable from t)»e concentration ot the establishment, while 
economy would result from the substitution of mains for tunnels. 
The following estimate of the annual cost of vvorking this system 
of wells is based upon the actual cost of Green Lane and Windsor^ 
where the expense of obtaining 1,000,000 gallons a-day from each 
is: — 

For nirrffit pspensi's inrhidimg itjpprintendence ,, £1100 

DepriL-cialioii upon rn\^\nv% and ioaclun«ry, eiigiiie-houutr 

ftud cuoUng-poml, £11,200 at 2 per cent, ,. ., 224 

Tottl JilVii 
And at each new station the corresponding expense will be— 

For current expen»ea, iac^uilmg BU|>eriiitendeace *. jCIIOQ 
D^precitktioci upon eivfl;ine« and tiiacluncry» cri|^iae*houieS| 

und cobhiig-pondt/je 12.000 at 2 per cent. ,. .. 240 

Depreciation of mains^ £8000 at J per cent. .. .. 20 

hacreU on irapital— namdy, jC^U.HOO at 4^ percent.. 1386 

CouipeatatitiD to Undowairs , , * « • . , , 2^0 



Total £2996 

The annual expense of obtaining any number of million gallons 
a^ay can now be readily arrived at, and the following t^ble shows 
it from eight to fourteen mill ion j*: — 

To obtaia 8 rnillion galtoni. 2 old ttatione— 6 new. Coit s year £20.624 

,,9 ,, 2 ,, 7 -. 23,rj2(* 

10 *. 2 .. 8 ., 26,616 

.. II .. 2 .. 9 ,. 29.612 

..12 .. 2 .• 10 ,. 32,608 

., U .. 2 ..11 ,. 35,604 

..14 .. 2 .. 12 .. 3B«G00 

These calculations, if not exact, are certainly such approxima- 
tions as will juBtify their application in a comparison with other 
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projects; and, in concl tiding my remarks wpon this proposal, I am 
not insenuible to one ur two grave objections which may be mad© 
to it; but Hfter much deliberation I ani persuaded that distributing 
the establiKhment over a wide area of country ig the only gnre 
method of obtaining the requisite supply of water. 

The length of connecting mains is the first obviou« objection, 
but they would be less costly than the amount of tunnelling necei^- 
flary for connecting works even much less widely spread. AnutJier 
objection is the payment of a royalty to landowners for the ab- 
straction of water^ of whicli I am unable to form anv very accurate 
estimate, but do not think that the amount now paid to the Earl 
of Derby at Bootte oujrht to be taken a« a basis for calculation. 
The remaining objection which is urged against a divided estab- 
lishment consists in the necessity for some additional superintend- 
ence, but this IS too trivial to ooerate while the present necessity 
for H Buopiy of water exists, which I am convinced can only be 
adequately derived from the sandstone by such means. 

Mr, HawMeye Proposed Supply frtjm Rivington, 
The third question submitted is — 
**Wh(^tktr tuck tMppty can he obtained hj means qfthe Rhin^ton Work$, and 
the eiut qf obtaining and dutribudng the same at recummcnded bu Mr 
Hawktt€y? 

In order to become thorouglily familiar with all the dftail^ of 
this undertaking^ I first visited the locality, accompanied by its 
projector, for the puqiose of receiving his explanatifms persoii.iDv 
on the spot, and tu satisfy myself by actual inspection of thV 
reasonableness or otherwise of his anticipations, both as regards 
its cost and canability of supplying the very large ijuantity of 
water calculatea upon by him; and at the sume time to examine 
84?veral other extensive reservoirs in the adjoining districts. Shortly 
after this I went again to Rivingion with Mr* Simpson, Mr* New- 
lands, Mr. Rowlandson, and Mr, Binny, in order to receive from 
them in like manner a detail of their'ohjections, and, in addition 
to this, make myself master of the whole of the views and calcu- 
lations developed in the printed report of the two first-named of 
these ffentiemen; and having done this^ I carefully revievred every 
difficulty that had l)een raised. 

The first was, that the reservoirs were incapable of storing such 
an amount of flood water as would maintain the uniform supply 
of l3,6e(LOO0 gallonu a day to Liverpool, and 8,000,000 gallons a 
aaytomilloirnerfi and others throughout the usual as well as unubual 
droughts which sometimes occur, and that the fluctuations in the 
quantity of water were m extensive that at some periods of the 
year the reservoirs would be absolutely empty. 

If even a near approach to such a state of things were probable, 
thjB objection would at once be fatal. I therefore made my^lf 
acquainted with the mode of calculation by which this is said to 
be proved, and which may be succinctly described as follo^ra. 

A series of rain-gauges had been carefully registered in the 
Belmont District, from the year 1843 to 1818 inclusive; and during 
the years 18 i7 and 1848 a similar series was also registered i^iniul- 
taneously by the projector of the Rivington Works in that district, 
with the view of establishing n relation between the amount of 
rain-fall in both; and the proportion found to exist was applied to 
the four preceding years, tbus arriving at the probable ram-faJl iu 
the Rivington district during the whole six years. This mode 
appears quite unobjectionable, provided the levels occupied by tlie 
rain-gauges in the respective districts are identical, which is an es- 
sentid condition in consequence of the total amount of rain 
varying very materially at different elevations. 

During the years 1847 and 1848, the actual quantity of rain 
which flowed down the brooks of the Rivington district having 
been accurately measured, the proportion of available water waa 
ascertained to be within 18 or 19 per cent, of the whole rain- fall. 
The quantity during the four preceding years was then modified 
.'iccording to the amount of fall and evaporation, and the annual 
yield largely re*luced by the assumption that the latter was con- 
sidernbly greater in the drier years. These total amounts were 
next apportioned to each month in the four years in accordance 
with the registration of the Belmont rain-gauge, and thus what 
^v«« ^imposed to be the monthly supply to the reservoirs was arrived 
at. The draught upon the reservoirs was then taken at a mean of 
21, 660,000 gallons a-day, and this quantity altered to the extent of 
If* per cent, less than the mean quantity to be appropriated to 
Liverpool for the winter months, and a like per centage more for 
the summer months. It then became ea«y to institute a debtor 
and creditor account between the demand and the supply upon the 



reservoirs, which account exhibited the reservoin occasionally Id a 
state (jf bankruptcy. 

Several objections have been urged to this mode of arriving at 
the result. In the first place, the total rain-fall at Rivington 
during the years 1847 and 1H48 was obtained by averaging that 
represented by a series of rain-gaugea, the average of which is 
stated by Mr. Hawk^ley to have occupied a position below the 
mean level of the area of the water-shed, and in the next placa 
the assumption of the available quantity being in dry jeam less 
than four-6fths of the total rain-fall on the water-shed, from a 
supposition that the proportion wasted by evaporation was much 
increased; and again, that the allowance of 19 per cent, above 
and below the mean quantity of 13,660,000 gallons is too great; 
and objection is also taken to the supposition that the monthly 
supplies to the reservoirs are proportionate to the monthly falls of 
r^iin. This was established by reference to the tables contained in 
Messrs. Simpson and Newlaiid's Report; as it appeared that in 
December, lft47, 8 inches of rain fell at Belmont, and 1,604,000,000 
of sr^lons were discharged by the brooks at Rivington; whereas 
in December, 1845, a like quantity of ridn fell, and the flow from 
it is calculated to yield only 1,080,000,000; and many other in- 
stances might be referred to where the same ineondstency was 
shown, by which the calculated quantity was sometimes more and 
as often less than that which was measured in 1B47 and 1S46. 

In the objections to this project, great importance is attBched 
to the circumstance of the maiuii pas:») ng over an extensive coal- 
field, it being said that they will consequently be liable to fracture 
by subsidence when the coal is worked away, and that injury may 
be anticipated to mines from inundations* This, at the first 
glance, certainly appears formidable; it was deemed so iu reference 
to railways some years ago, and wan used with success iu prevent- 
ing the Grand Junction passing through the densely populated 
mining district at South Staffordshire. The demand for accommo- 
dation, and a more dispassionate consideration of the difficulties 
to be expected from this source have led to its being discarded; 
and indeed the conclusion might have been arrived at without 
diverting a great line of railway out of its proper coarse, by the 
ex]>erience of the canals which intersect extensively every part of 
the &ame coal-field where the beds are very thick, and give rise 
fiometimea to extensive subsidences. In spite of these, however, 
no serious impediments have arisen. Attention, of course, ts 
essential to those parts of the canal or railway under which it is 
known that the operation of mining is going on ; and for the pur- 
pose of protecting the public against inconvenienae as far as 
possible, oy the extraction of coals or other minerals without the 
knowledge of the companies, it is made imperative on the mining 
proprietors to give due notice of the advance of their operation 
before they work under any canal or railway; and similar pro- 
visions, I believe, are applicable in the case of waterworks. This 
olijection, therefore, I regard as of little moment in the Rivington 
scheme, ^irovided in other respects it may prove the most eligible 
source of the supply of water to Liverpool 

Without centering here into further discussion of points whidi 
ore rather of detail, and could not be made intelligible within any 
reasonable comjmi^s, I will state the manner in which I have pro- 
ceeded to investigate this part of the subject* 

There is some discrepancy in the statement of the rain-fall at 
Rivington in 1847 and 1848, .Mr, Hawksley averaging it at 53-3 
inches and Mr. Newlands at 51 -7 inches; but the difference (how- 
ever occurring) is of little importance iu tiiis inquiry^ as the 
quantity of water flowing down the brooks in these years haa been 
actually measured, and amounts to 25,7 18,1 §4 gallons a day« 

The years 1847 and lH48 having been wetter than the average 
of years, it is nece^ary to arrive by estimate at a fair averagv 
yield from such data as exist. The Belmont rain-gauge supplies 
the means of doing so, and I find, by its register, that while the 
years 1847 and 1648 show an average of bS'ti inches, the average 
of the six years (1843 to 1848) gives only 57*57 inches, TheM 
figures furnish a proximate ratio by which the yield of the brooks 
in 1847 and 1848 ought to be corrected ; and, following them, the 

OaUoDi « d«j. 
Meaiured quantity of 25J18J94 ^tlloni ii reduced to •. Jld^879,bIS 
Which may be assumed ai ihe per umnciit yield of 

the di«irict ; but tbb, as regArda Liverpooh it 

agiim suhjcei to tlicfolJQwirigdedactioni, ia ibe 

wiy of campettsatian lo 
Mill-ownera .. .. ,, 7,500,000 

Cborlny and outlying populfttion, i*y ,, 50a»UflO 

W»g«a .. ,. ,, ,, .. BOO.UOO 

And for waste by additional evaj»»>rition from the 

resertoiri ,, ,, ,. ,. 422,109 
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AmoQutinf together to .. .. 9.222,108 

And leaving for Liverpool .. .. .. 14,057,710 

But bj Ctoute 59 of the Act the Corporation are in effect 

empowered to supply Wigan from another toarce with . . 800,000 

Aad nader Claue 62 to contraet with other parties for the 

eompeBntloB down the Roddlesworth for 1,846,000 

So that there it aTailahle for Liverpool, lappoiing the powers 

of CUotee 59 and 62 io be acted upon, 16.703,710 

TKe capmcity of the reservoirs is stated by Mr. Newlands to be 
9;8i9,000,000 gallons, and by Mr. Hawksley 3,156,000,000 gallons; 
which difference is caused by the addition, when required, of two 
feet to their depth by moveable shuttles or flush-boards on the 
weir.— an intention probably unknown to Mr. Newlands. 

The yield per day or month is only known during 1847 and 1848, 
and ita im^gularity is so great even in these years as to render it 
imposaible to calculate with accuracy upon the quantity a month 
of any other year by the rain-fall only. As an instance of this, 
taking the month of January in each year, we find that in 1847 an 
inch of rain-fall produced 330,500,000 and in 1K48 only 216,100,000, 
although in the previous month of December, 1847, 8 inches of 
rain had fallen, and in December, 1846, only 3*9 inches. Again, 
in February, 1647, one inch yielded 266,900,000, but in February, 
1848, onlj 147,100,000, although in the month of January, 1847, 
onlv 1*9 inches of rain had fallen, and in January, 1848, 3*1 inches. 
Thtt ia sufficient to show the absence of a rule which would justify 
the construction of any balance of account for each month of those 
years when the actual flow was not measured, and I have therefore 
made out tables, showing the quantities flowing into, abstracted 
from, and left in the reservoir during 1847 and 1848, and propose 
from them to be guided in reference to the capabilities and equal- 
iaing effect of the reservoirs during other ye^irs. 

In these two years, 22,800,000 gallons a day might have been 
taken out, and still have left the reservoirs full at the end of them, 
and never containing less than 1,376,580,000 gallons, but in the 
■IX years from 1843 to 1848, 2,400,000 gallons a day less water 
woud have flowed into the reservoirs, which would have reduced 
this minimum quantity to about 950,000,000 gallons. 

It may be fairly assumed that practically the storage capacity 
proposed (3,156,000,000 gallons) is sufficient to ensure the supply 
of about 12 or 13,000,000 gallons a day with the whole compen- 
sation, or of about 15,000,000 gallons a day with the compensati(m 
reduced according to clauses 59 and 62 of the Act of Parliament ; 
and there will be little difficulty and no considerable expense in 
raising the embankment so as to increase very largely the capacity 
of the reservoirs, as all the lands on their margin up to a level of 
five feet above the present top water mark can be purchased 
according to the notices which have already been given, and thus 
a supply to Liverpool of 14,000,000 gallons a day with the whole 
compensation, or of 16,000,000 gallons a day with the reduced 
compensation, may be insured. 

In support of the adequacy of the storage room, the rase of the 
Belmont Reservoir was adduced, which, with a water-shed of 1800 
acres and capacity of reservoirs of 75,000,000 cubic feet, supplies 
15 feet a second tor 12 hours a day on 313 days a year, or 3,463,011 
gallons a day of 24 hours throughout tlie year. The proportion of 
the water-shed is about one acre to 41,666 cubic feet of reservoir; 
and, comparing the two reservoirs, the Belmont having delivered 
3,463,011 gallons, that proposed at Rivington, with a water-shed 
of 10,400 acres, will be capable of delivering 23,383,103 gallons a 
day. 

The area of water-shed of the Bolton Waterworks is 520 acres, 
the capacity of reservoir being 20,860,077 cubic feet, and the evi- 
dence of Mr, Jackson is to the effect that 900,000 gallons is sup- 
plied to Bolton a day, or 1 8 gallons to each individual. The pro- 
portion of water-d^ed to the content of the reservoir is one acre to 
40,115 cubic feet, while the proportion at Rivington is an acre to 
48,694 cubic feet. At the Manchester Works the proportion of 
area of water-shed and capacity of reservoirs is an acre to 34,000 
cubic feet. • 

The statement is made as independently as possible of any 
assumption or hypothesis in reference to the periodical supply to 
the reservoirs, or the variable loss which may be due to evapo- 
ration; the meteorological facts positively established in relation 
to the Belmont district, being alone taken as the basis of the cal- 
culations for the purj)ose of analogy. The rain-fall at Belmont 
during the years 1847 and 184S is compared with the actually 
measured discharge of the streams from the Rivington district 
during the same period; but as this was an unusually wet period, 
the average discharge of the latter district is reduced, as before 



stated, in the proportion pointed out by the Belmont rain-gauges 
over this period, and that of six years, and the only source of 
error which I can discover in the process arises from the possible 
concurrence of two or three very ary seasons consecutively. 

The mode of calculation which 1 have adopted does not fully 
justify the expectation of obtaining a daily supply of 16,000,000 
gallons, together with the quantity required for compensation, 
although expedients are within reach at a moderate expense to 
realise this quantity. The results leave so considerable a margin 
as regards the storage capacity of the reservoirs, that an uniform 
supply of 12 or 13,000,000 gallons a day may, in my judgment, 
be reckoned upon with absolute certainty. 

Mr. I Jawksley's estimate for engineering works and land amounts 
to 389,800/., of which 21 3,400/. is for the main pipe, leaving 1 76,400/. 
for the remaining works and land. 

The only large item in this estimate to which the scale of prices 
does not apply, is in the laying of the main pipe from Rivington to 
Liverpool, and on this portion of the work the contingencies may 
be considerable; but on the whole of the remainder of the items 
in the estimate I do not believe that more than the usual per 
centage for contingencies is necessary. This observation, however, 
is not to be taken as applying to the item of landy of which valua- 
tions have been made by three parties appointed by the Corpora- 
tion, and their estimate amounts to 39,408/., — a sum which, 
although much beyond the agricultur;il value of the land, will, 
from my experience in such matters, fall short of the actual cost. 
In the evidence of this item given before me, great stress was laid 
upon the onerous severances that would be occasioned by the con- 
struction of wide reservoirs, which it would be impracticable to 
mitigate by the formation of roads and bridges. This led me to 
inquire into the facts, and to examine the plans on which the 
various properties are designated, and they show that with one or 
two exceptions no actual severance will occur, in consequence of 
the brook leading from the head of the Anglezark Reservoir down 
to Ilorwich forming generally the Ijoundary of the estates and 
townships. 

in con.sidering the adequacy of the estimate for engineering 
works, I have, as already stated, been guided by the prices which 
have been paid in this as well as other districts; and, in addition, 
a tender was produced in the course of the inquiry from a respect- 
able contractor well acquainted with the locality, and who had 
examined the proposed works, offering to execute them on a scale 
nearly identical with those contained in Mr. Hawksley's estimate. 

To the estimated cost of the land and works, 1 have added 25 
per cent, to cover unforeseen works and superintendence, making 
the total amount 487,250/.; and I believe that the Rivington pro- 
ject is adequate to the present and prospective supply of the town 
of Liverpool, and may, together with all compensations, be realised 
at a sum of (say) 500,000/. 

The annual expense on the supposition of a 
supply of eight million gallons a-day by these 
w(»rks, including the depreciation of the main, 
will he ... ... <£5,600 0*. Od. 

To which is to he added the interest on the 
capital of 500,000/. say at 4^ per cent. ... £22,500 0*. Od. 

Giving a yearly charge of £28,100 0*. 0^. 

And for further supplies there will be an additional charge by 
reason of the increase of interest for money expended on filter- 
beds and the cost of maintaining them. 

CTo be contmuedj 



WATERWORKS IN THE UNITED STATES. 

A good sample of the water supply of the American second-rate 
towns is to he found at Richmond, in Virginia. It consists in two 
water wheels (set in motion by the James River), of 18 feet 
diameter, by 10 feet wide, with a 10 feet fall; they are undershot. 
The pumps are 9 inches diameter, with a 6 feet stroke, and they 
lift 400,000 gallons every 24 hours for each pump. The reservoirs 
are placed at a height of 160 feet above low-water mark in the 
river, and are two in number, each being 194 feet long, by 104 feet 
wide, by 10 ft. 8 in. deep. The pipes from the pump-house to the 
reservoirs are 8 inches in diameter; and there are two filters 
through which the water passes previously to being distributed. 
The total cost of the works, without including the distribution, 
was about 20,000/. «. , , . ^ ^ 

At PhUadelphia, the supjdy is effected by a very important 
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water mil], est aMi shed i»pon the SchuylkUl^ near Fairmount. A 
dam was thrown across the river 1600 feet loDg, so as to deaden its 
velocity for a distance of six miles up the country, and to maintain 
a constant depth of water at the dam of 24 feet. The dam itself 
18 incUned at an angle of 4-5^ to the current. A canal fi»r the 
navigation is constructed §00 feet lonif, with two locks of 6 feet 
fall each, opposite to the mill race. The mill race itself, in ordi- 
nary states of the river, offers an opening of &n feet wide by 6 feet 
high. It can be closed at the head, and an overflow Bluice is 
eoiiiitructed to carry off the water in this ease, without passing 
through the wheeb. The race is 419 feet long, by 110 feet wlde^ 
and from 16 to 60 feet in depth. 

The enp^ne-bouse ii^ b^ult for 9 wheels and pumps; each pomp 
lifts actually 530,000 gallons per 21 hours. It is calculated thnt 
one galiun of water raises one other gallon into the reservoirs hy 
its action on the wheel**; but this action appears to be considerably 
exaggerated. The wheels are Ifi feet diameter, by 15 feet in width, 
and they make 13 revolutions in a minute; tliey are capable ai 
functioning even when there is 1<3 inches of water over the wheeL 
The ilooda, indeed, are a serin us inconvenience upon this river, for 
they appear to cause the mills to lose 61- hours every month. The 
pumps have 6 feet stroke; the water is lifted 92 feet into the 
reservuirs, through cast-irun pipes 16 inches diameter. I'he 
reservoirs are situated at 102 feet above the low- water mark €>f 
the Delawaie, and 56 feet above the average level of the streets of 
Philadelphia. They are four in number, covering a surface of 6 
acres, with a depth of 1 2 ft. 3iu., and they contain 2*2,000,000 
gallons of water. The cost of couastructiug these regervoirs wfi-* 
abuut '29,000/. sterling. In consequence, also, of the very intelli- 
gent manner in which the engineers have availed themselves of 
the natural power furnished by the river, the annual expenses 
incurred to secure a stipply of 3,1^,644 gallons daily are only 
about 2,800/, per annum. 

The Croton Aqueduct of New York is^ however, the work upun 
which the American engineers pride themselves the m*>st; and it 
must, in juHtice, be allowed to be an extraordinary work, although 
far inferior to many of those we have hitherto considered. This 
aqueduct was constructed at the expense of the city of New York, 
under the control of a rummission of the Commim' C Council. The 

Iireiiminfiry surveys appear to have been made by Mr. Davtd B. 
>oiiglas, and the works were executed under the superintendence 
»if Mr, John B, Jervis. 

The Croton River takes its rise from a seriefi of large ponds, or 
lakes, the aggregate of whui^e surface areas is about 3900 acres, 
which are principally situated in the county of Putnam, at a distance 
of about 50 miles from the city nf New \^ork. The dam built for 
the purpose of forming the fountain reservoir is situEited about 
3B miles from that town; and in the precise locality in question 
the medium quantity of water flowing in the river is above 50,000,000 
gallons in the 24 huurs, whilst in seasons of drought it has never 
been known to fall short of 27,000,000 gallons. 

The dam across the ("roton is in this place raised 38 feet above 
the level of the river in its natural state, and by this means it sets 
hrtck the water six mile« up the country, forming the fountain 
reservoir, whose surface is 400 acres. Excavations were made 
wherever the shores osnumed a gentle slope, so as to create a 
minimnn) depth of water of at least 4,J feet. The available capa- 
city of this reservoir, down to the level where the water would 
flow off by the aqueduct, has been estimated to bo equal to 600 
miilton gallons. The hei^^ht of 38 feet, c^uoted above, is the height 
at which the aqueduct receives the water from the reservoir. The 
surface of this foautain reservoir is 166^ feet above the mean 
level of the tides at New York; the surface of the receiving reser- 
voir on the island is 119 feet above the same level; an that the 
total fall from the one to the other is 47^ feet. The distributing 
reservoir is 115 feet above the mean level of the tides, and regulates 
the height to whirh the water can be delivered in the city. 

The water is led fmni the fountain reservoir the whole length of 
the way in a cksed condTiit of masonry, except in rrossing the river 
Harlem to reach the New V'ork island, and in passing n deep valley 
in the island itself. In these cases, as the principle of the syphon 
was employed, csiKt-iron pipes were introduced. 

The general description of the conduit may be considered to be 
as follows: — A bed of^ concrete is formed, consisting of three parts 
nf Band to one of hydraulic lime worked up into a mortar, and 
then mixed with three parts in bulk of kharp gravel or broken 
stone to one of mortar; well rammed in place, not shot in, as is our 
very absurd English practice. L'pnn this the ^ide walls are executed 
in rubble stone set in hydraulic mortar in the above proportions. 
The face of these walls h theji rendered with a coat of hydraulic 



mortar, about g-inch in thick nesa, which is also laid on the concrfltc. 
The proportions of sand to lime in this rendering coat are two of 
sand to one of lime, 

A facing of sou ad, bard, well-burnt, and carefully selected bricks, 
is then built up in hydraulic lime upon this coat of rendering, 
mostly of half^a-brick in thickness for the sides and the invert; 
the top is vaulted over in two half*brick rings; and, wherever it 
is possible, covered with four feet of earth, to remove the aque- 
duct from the influence of the external atmosphere. The width 
of the fonduit at the bottom is usually 6 ft. 9 in.; at the ispringing 
of the semicircular vault 7 ft. 3 in.; the versed sine of the invert 
is 9 inches; the height from the chord line of the invert to that of 
the vault is 4 feet. Occasionally the form of the conduit varies; 
but the above may be considered as the general description. Under 
all circumstances, it is made so as to receive and to discharge 
60,000,000 gallons in the twenty-four hours. 

In traversing valleys, the conduit js carried upon a wall of «olid 
masonry, executed in rubble stone, set in hydraulic mortar. The 
whole is then covered over with earth, carefully rammed, and 
the slopes pitched with dry stones. These precautions are neces^ 
Bsry to secure the water from the severe frosts of the North 
American winters. The ilimensions of the concrete floor of the 
side walls, and of the spandril filEing, are increased; and the 
proportion of hydraulic lime to sand is augmented to one of lime 
to two of sand, for all parts of the work. Great pains were taken 
to secure the stability of the aqueduct when it was carried upon 
the bill side, by forming culverts, or p^ived drains to carry any 
torrential waters away from the foundations, which were cut into 
the hills. 

Waste weirs;, with sluicegates, are provided for the discharge of 
any surplus water, or for the purpose of leaving the aqueduct dry 
in case repairs should be required. There are six of these weirs 
I in the length of the aqueduct. 

Ventilators, formed of hollow cylinders of stone, H feet above 

the surface of the ground, are placed at distances of one mile apart; 

I and every third one is made with a door to admit of inspection of 

1 the conduit. The interior diameter of the common ventilators is 

2 feet ; that of the ventilators with doors, 4 feet. ITie latter are 

' nlaced by the side of the conduit, to give room for a staircase 

leading to the bottom; the cill of the door being made l^feel 

above the lowest point of the invert. The ordinary ventilators ara 

placed immediately upon the centre line of the aqueduct* All of 

them are covered over with iron gratings. Besides these ventila- 

tors there are man-holes, placed every quarter-of-a-mile asunder, 

about 2 feet square. They are covered witli a stone damper. 

The fJate-chamber at the foimtain reservoir is established 
nearly at the bottom of the artificial lake, and is situated at the 
extremity of a tunnel about ^00 feel long, which separate® it from 
the reservoir itself. The centre of the tunnel is 12 feet below the 
surface of the water; so that floating bodies are not likely to be 
carried into it, nor during the winter season can any intermission 
take place in the supply fnun the reservoirs being frozen. In sum*- 
mm- also the water will be drawn from a level where it is at s 
lower degreo of temperature than at the surface. At the Gate- 
chamber are the regulating gates, and the guard gates, necessary to 
coutroul the t^upply. 

The t*»tal distance lietween the fountain reservoir and the 
rect-iving reservoir is S01,117-42 feet, or 38*09 miles. The total 
fall is 43 j^ feet. The least incline is 74 inches in a mile; the 
greatest is about 13i inches per mile. The syphon upon the Har- 
leni River Bridge is 1377ifeet long, with a difference of level 
between the tvvo extremities of 2-^9 f^et. The other syphon in the 
Manhattan Valley is 4103 feet long, with a difference of level of 
3*8ti feet, to overcome the friction in the pipes. 

The depth of the wntcr in the afpieduct at its entry into the 
fountain reservoir is T^i^'V^t- above the bottom of the invert. The 
average sectional area of the aqueduct is maile 53*34 square feet. 
The curves used to change the direction of the line of the aqueduct 
are never less than oOO feet; some have a rwdius of 1 000 feet; but 
AOO is the radius usually adouted in |Jreference. The velocity of 
the water has been ascertained to be 1^ mile per hour, when there 
is 2 feet depth of w^ater in the aqueduct. 

During the construction of the dam at the fountain reservoir, 
and very shortly betVire the completion of the works, a most ex- 
traordinary Jlotid took place, which earned away the greater por- 
tion of the dam, and spe?id ruin and desolation through the valley, 
DuelJing- houses, mills, and everything the stream met with in its 
first fury, were swept away, and three lives were lost. In repairing 
the dam, the breach was fiUed-in with masonry instead of eurtli* 
work, and it has since resisted very successfully. The masonry of 
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the dun is R feet wide at tlie top and ^& feet wide at the bottom, 

vertical to the stream, with .^^^m^ 

occasional ofT-s^td. The 

lower or down side has a 

curved face., so that the 

water does not fall verti* 

calJy upon the apron at the 

foot. In order to guaran* 

tre the foot of the dam 

ag'ainst the undermining 

action of the cataract, a 

secondary^ dam has been 

formed at a small distance 

to retain a head of water 

over the apron, so as to 

break the force of the water 

falling upon it. On the 

upside of the masonry of 

the dam a slope in earth, 

with an incline of 1 in 5, is 

executed, extending 9.1 S 

feet into the reservoir ^at 

the foot. The whole length ^ 

of the overfall is 251 feet. V 

In the course of the pas- 
■age from the fountain 
reservoir above 11 tunnels 
and 14 small bridges were 
executed. At a point called ?/' 

8ing-Stng-Kill, there is, \^.- 

moreover, a bridge travers- >:/ 

ing a small stream of 88 ^^ 

feet opeoing, with a ri^^e of 
33 feet, of an elliptical 
form. The bottom of the 
ravine is 70 feet below the 
underside of the key, ho 
that we may fairly ask 
why the engineer should 
have gone out of his way -'' 
to employ the most difficult W 'i!II9-45qFL-^J 
and expensive form of 
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arch^ instead of at once 
making it a seinicircuhir 
one? The bridge over the 
Harlem River isii, however, 
the great boast of our 
transatlantic brethren. The i 
height from the foundations 
in the river to the top of 



A 



the work, is 150 feet; the ^" ^i'.- 



width across the top, '21 
feet. The distance be- 
tween the extremes of the 
Sipes is 137 T^ feet; for the 
istance of 18 feet at each 
end there is an iucli nation, 
the rest \^ upon the level* 
The bottom of the pipes is 
below the level of the 
a<[ueduct, on the upper side 
l^f^th feet; on the lower 
it is lu,J^th feet. 

On the south side of the 
riv^r there is an arch of 50 
feet »*pan; across the river 
there are eight arches of 
80 feet span each; and on 
the north side there are six 
arclies of 50 feet span 
each; making in all \^ 
arches, VV'e may justly 
^juestion the policy of the 
engineer who has hurlhened 
the water supply with the 
maintenance of these sy- 
phon pipes for the sake of 
saving, at niOi^t, 1^^ feet of 
additional masonry in the 
piers. 
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There is a very important syphon in the Manhattan Valley, 
which carries the water over a depression of 102 feet in the 
deepest part. Provision is made for laying down four pipes, 5 feet 
in cliameter. Temporarily only two are fixed, which are sufficient 
for the present demands of the city. 

The receiving reservoirs are skilfully constructed, with a depth 
varying from «0 to 30 feet of water. The retaining walls are 
executed partly in masonry towards the streets, with a hatter of 
1 in 3; the inside is of earth, puddled, and covered with dry 
pitching, laid and dressed off to aslope of lA to 1. The total 
surface of these reservoirs is nearly 31 acres; tneir contents are 
estimated at about 150,000,000 imperial gallons. 

The distributing reservoir is f^ituated about two miles from the 
receiving reservoirs. It is 420 feet square on the top, with about 
36 feet depth of water when full, and is calculated to hold about 
90,000,000 gallons. 

The total cost of the aqueduct and the reservoirs was about 
9,000,000 dollars, or 1,800,000/, sterling, without including the 
pipes for the town supply. These latter, added to the above cost, 
make the total expense incurred by the municiuality for its water 
supply amount to the sum of li,000,000 dollars, or 2,400,000/, 
nearly. 

Geo. R. Bl'bnelu 
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On the Purifying find Filtering of large bodies of WaUr for 
mipptging extennve Gtid popttlom Towth/, By James Hendeb«oj*, 
C.E., Glasgow. 

Rain water, immediately after it haa fallen, is generally consi- 
dered the purest of all natural waters, and being the great source 
from which all streams and rivers are supplied and more easily 
obtained in large quantities than spring water, it forms the best 
supply for large and populous towns. But as the rains which faU 
on the surface of the eartii collect and flow from their various 
sources into their different channels, and from thence into the 
streams and rivers which convey them back again to the ocean, 
they become impregnated with variooseartby, mineral, and organic 
substances. IV ith many of these, owing to the great solvent 
power which water possesses, it chemicaUy combines; while with 
others it forma only a mechanical mixture, the impurities being 
simply held in suspension. These latter impurities, tti^ether with 
all insects, animalculie, &c., can he removed by a proper svstem ot 
filtration; but those which are chemically combined with the water 
cannot thus he separated. 

The nature ancl quantity of the impurities in streams and rivers 
depend on the nature of the eontri hitting ground, and the state 
of the weather; which causes, and more et^pecially the latter, pro- 
duce great variations in their purity — the same stream or river 
which, during a succession of fine weather, is comparatively pure, 
becoming, during heavy floods, loaded with a large accumulation 
of earthy and other impurities. This being the case, it is highly 
essential, that before water is let on to a filter, it should be 
impounded in a reservoir, so as to purify to a certain extent by 
suh Hide nee. 

When the stream which supplies the town is not large enough 
to admit of giving a sufficient quantity at all seasons of the year, 
the impounding of the waters becomes, of course, one of the main 
principles of the system, in order to retain a sufficient supply in 
storage when the run in the stream is? deficient in dry summer 
weather; hut when the river is large enough at all seasons to give 
an adei|uateBupply, it still becomes highly cat^ential first to impound 
its waters in a reriervoir for the sake of subsidence; and the larger 
that reservoir can he obtained, so much the better. In some water- 
works, where the tiupply is from a large river, the principle of 
subsidence is parlicularly attended to, while in others the water in 
taken directly from the river on to filter; thus greatly incretising 
the difficulty of supplying pure water to the inhabitants at all 
seasons. Indeed, in alJ such water- works during heavy floodt^, 
except where some peculiarly advantageous circumstances exist, 
the supplying of the inhabitants with muddy water becomefi 
almost unavoidable, the filter bed in a short time becoming so muck 
]i};tded with silt as to be incapable of passing a sufficient supply, 
and to make up the deficiency the water haa to be sent in as \% 
comes from tlie river. 

The impounding of the waters in large reservoirs, besides being 
advantageous by allowing many of the impuritiei^ to subside, owing 
to its thus being more exposed to the infiuence of the sun mid air, 
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and the action of the wind«, the waters are still furtlier purified^ I 
as they have a tendency to irive off, when thua expo^eiU many of 
the gases they may have combined with during the dei^nmpoiiitiou 
of animal and vegetable matter, which gases cannot otherwit^e he 
removed by filtratitm: it has likewise the effect of removing hard* 
uesa from the water, and rendering it more fit for all domestic and 
olher purpoisCB. The Thames water, for instance, owing to its 
being much loaded with urgaiiic matter received from the tuwns 
and villagf>8 on its banks, after being kept fur two or three months 
in a closed cask, when opened, the water h found to be bluck, 
nauseous, and unfit for use; but on being exposed and ai,'^it;ited it 
denositii a quantity of silimy mad, and becomes clear and sweet. 

The water, after having been allowed to subside, the next point 
to be attended to is the proce^ of filtriitiou, in order to remove all 
the remaining impurities. In all tilter^ the great principle to 
which attention should be most jiarticularly directed, ijs that of 
having a large extent of filtering tsurface, it being greatly owing to 
Mant of attention to such an imiiurtant puint that is to be attri- 
buted the inelhciency of the filters of n»any water-works. The 
great aim in th^ construction of many filters, is that of having the 
bed of fiuflkient fineness, so as to prevent the impurities from 
passing througli, causing the filter bed thus lu act like a sieve. 
Besides this, however, in order to filler water thoroughly, another 
important principle should be brought into uperatii^n — nuioely, 
that of attraction, and the only way by wliich advantage of this 
principle can be obtained, is by having a large filterilg surface, »o 
that the water may percolate very slowly through the filtering 
material. 

If a stone, for instance, be suspended in muddy water, it will be 
found very soon coated all round with the impurities in the water, 
caused by the attract iiin which exists between the tmj»unties and 
the stone, the latter, as it were, forming a nucleous to which these 
impurities adhere. On tJie same principle, if the water is allowed 
to percolate very slowly through the material composing the bed 
of filter, while the whole surface will still act like a sieve to prevent 
the passage of many of the impnrities, each particle of the material 
is broyght more folly into operation in removing the finer particles 
of the impurities carried along with the water. The filtered water 
is thus rendered more pure and pellucid- very fine material 
becomes unnecessary, and the filter bed wiU continue for a much 
longer time in good'and efficient working urder. 

When the filter bed is too small, as the water must of course 
pass quickly thnmgh, fine material becomes almost indispensable, to 
prevent the quick ]*ercolation of the water from carrying many uf 
the impurities with it ; the consequence is, that it soon becomes 
ftilted up, and requires continual cleansing; and previous to being 
cleansed, recourse is not unfrequcntly hud to that of forming holes 
in the material, in order to make it mt»re ojion; or, as 1 have 
already observed, filter as much as they can, and make up tJie 
deficiency by unfiltered water. It may, indeed, be taken as a 
general principle, that the snmller the bed of filter, in proportHtu 
to the amount of filtered water required, the finer must be the 
material it contains, in order to remove the impurities; ami, on 
the contrary, the larger the bed the coarser the material. 

With regard to the speed with which the water should be allowed 
to percolate througii tlie filtering materia!, much will depend on 
the state of the water previous to being let on to the bed of the 
filter. In the most oi filters at water-works the speed will be 
found to range from 2S feet and upwards per day, and even that is 
not regular in many cases; but in general, the water shouhl not 
be allowed to percolate more than from !0 to 20 feet per day, 
passed regularly through during the whole 2i hours. To many, 
this speed being only from 5 to 10 inches per botir, mny seem nnwh 
less than tliere is any need for; but, taking everything into con- 
Btdcration, water companies, by making their filters so as to come 
within this limit, they would be enabled to filter all the water sent 
in for supply, and very materially diminish the yearly expense for 
cleansing, 
Ta^le showing ike number of Cubic Feet and Imperiai Guthinx of Pilfered 
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being allowed to percotoie through the material from 10 feet to 20 feet 

per day. 
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Water can be filtered by pacing it through the mntcrial in an 
upward^ downward, or horizontal direction; in springs it passes 



along in various directions, according as it finds a paasage through 
the different strata in its course* W ith artificial filten^ however, 
the same will not apply, as in the construction of these it is neces- 
sary to take into account the process of cleansing. Upward filtra- 
tion is, no doubt, the best, as the sediment, on account of lU 
weight, tends to fall downward while the water is flowing up- 
ward; but in the cleansing of such filters there are many difficulties 
to contend with, as since the sediment or silt lies mostly at the 
bottom, the whole material requires to be taken out before the silt 
can be either partially or wholly removed. Horizontal or oblique 
iiltration has similar objections, hi practice the downward system 
has been found to suit best, as the great body uf the impurities lie 
near the surface, and the bed of filter can be partially cleansed by 
scraping, as is sometimes done, or more effectually by reversijig 
the direction of the water, as will be afterwards explained. 

The material through which to filter water should be of «ueh a 
nature as will remain unchanged, be imputrescent, capable of 
allowing the water to paws through, and which does not change in 
its mechanical structure — such as broken granite, trap rnck^ 
bard gi'itty freestone, silicious sand, pebbly and hard gravel* 
ashes, &c."; that which is most generally employed is silicious i 
and gravel; hrtiken trap rock and freestone being only used whi 
good coarse fi;ravel cannot be got in sufficient quantities; they, 
however, suit exceedingly weU for a coarse filter bed, and in many 
eaaea are even preferable to the gravel. Indeed^ it ban been 
observed, that w ben water passes along a bed composed of rocks 
the trap, or amygdaloid species, a kind of natural filtratio 
effected — so mucli so, that even muss water is rendered in s 
cases com]iaratively pure. As to the fineness of the silicious saod-, 
none finer than that obtained on exposed parts of the coiist should 
he used, and it is even advisable to free that of much of its finer 
particles, Sumetimes only the finest of the sea sand is employed; 
hut when the filter is of large extent compared to the quantity of 
water required to be furnished, a good bed of coarse silicious sand, 
plentifully intermixed with pebbly gravel, makes a much better 
filter. The use of fine sand is one of the great mistakes committed 
in many filters at present in operation, as they always 
ineffective at times when moiit required, besides entailing a 
annual expense for cleansing. 

The next important matter connected with filtration is the best 
construction of filters, so as to act efl^ectually, and admit of bein^f 
easily cleansed, I have already observed, that the most practical 
system of filtration is when the water isallowed to fiow downwards 
tiirough the material, as by this means the filter admits of being 
much easier cleansed; and' further, it may now be observed, thatia 
order to get advantage of the whole surface of filter bed, the filter 
should be so arranged that the water, when Jet on, will eprrad 
equally amongst the whole material of siud bed. 

In many existing filters the water is let on by various openings, 
and the filtered water is taken away at a level with the bottom, 
either by drains or by a false bottom below filtering material. In 
such filters the water which is let on, when the mitterial i» quits 
clean, will he obst^rved to spread only a small distance from the 
inlet, and then disappear; but as the material becomes silled up, it 
gradually spreadii farther on to the bed of filter, and it is only 
when the whole is silted up that the water spreads over the entire 
surface. In such a filter the actual filtering surface becomes only 
a part of the whole, anil the coarser the material the less will that 
part be; and, even although the whole surface be of large extent, 
very slow filtration is not obtained ; fine material, consequently, 
becomes necessary, in order to cause the water to spread over a 
larger part of the entire surface, as well as to prevent the impu- 
rities from pttssing through. Were the water, by some means or 
other, caused to fall on the entire surface in drops like rain, tho 
whole would he brought at once into operation, and by having a 
large surface slow filtration would be obtained, and fine material 
become unnecessary. 

That of getting the water to fail equally over the whole surfact 
not being easily attained, especially in a lir^e filter, the next bett 
system is that of raising the level at winch the filtered wat«r 
escapes, thus causing the water, as it is let on, to be dammed back 
amongst the filtering material, which c*insei[uently becomes fiilly 
saturated, and is air brought more or less into operation : besidei, 
the pressure of water, by rabiog the outlet, being taken off, tht 
sand bed especially does not become so soon consolidated, as will 
be observed to be the case when the outlet is at the lowest part of 
the filter. Where such a system has been adopted the water ii 
observed to rise in the bed of filler as the material becomes ailted 
up, forming a thin sheet over the whole surface. During hot 
summer weather this thin sheet of water has a tendency to became 
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I: ftttd burned by the strong rays of the tunj and when there 
h organic matt^jr in the water it becomes a living mass of 
lcul»» and even at some times will be found frosr**, and great 
f« of tadpoles. This living mnssy of course, cauRes the sand 
up mnch sooner, but generally doea not affect the purity of 
Iter when filtered, being entirely excluded by the material 
!f bed; bnt the strong raya of a syminer &un beating on the 
e, by burning it, aa it is termed, tends to give the water a 
taste and light brownish colour, which, although not to be 
ed in ^all, is quite perceptible in large (|i3antitie«. Among 
erm this effect of the sun is a well-known fact, their pure 
by this cause, being not unfrequently rendered nnfit for the 
ed purpose* In order to avoid this, and Ktill dam back 
it€r, a sluice should be fixed on the outlet, by means of which 
p^rintendent, during summer, can gradually raise or lower 
^el of overflow at said outlet, as be obi^erveJ the water rising 
Uig in filter bed; by this means he can prevent the water 
preading on the surface in a thin sheet, and from being 
d and burned; and put a stop, to a great extent, to the rapid 
le of animalculfe; and as for tadpoles, they could not exist. 
I weatbex the same precaution becomes unnecessary; in fact, 
1 seasons, the water ii improved by being exposed in thin 
to the influence of the sun ami air* 

ihe deanwng of filters the nystem now sometimes adopted 
t of rerersing the direction of the water, and conveying it 
by drain, after coming to the surface, mixed with the silt, 
\me» the sutface of bed is scraped— the former is, however, 
itt«r fiystem; but on account of its not being sufficiently 
lalJy applied, caused by the openings into draiu not being 
ly placed, and the water sent up from below not sufBcient 
IB quantity or pressure, in all cases where it has yet been 
i its effect has been very paitial, and recourse is not unfre- 
y had to the scraping besides; hut even in such caf^es, 
gh its effect in removing the silt is so deficient, still it has 
idencv to improve the working of the filter bed, owing to 
kterial being rendered more loose and open; and when often 
ed, the filter bed will continue to act for a conwjderable time, 
ifter it has become verjr much loaded with impurities, 
t for this system of cleansing are generally constructed with 
bottom, formed by brick on edge, supporting perforated 
he water being let into this space by means of openings or 
rhen the lied is required to be cleaned, 
MS, in order to be properly cleansed by this system, fihould be 
»tructed as to admit of a large body of water being forced 
elow with sufficient pressure, so as to boil up and agitate the 
iii of the filter bed, in order to free the sand of the silt ■ and 
irther, to remove the impurities from the particles of the 
luring the time that the upward current is going on, it 
be well raked with a large rake ; or a harrow, loaded to 
t from floating, having ropes attached, and drawn backward 
rward by two men, would answer better. The effect of this 
, besides loosening the impurities, tends to spread the boil- 
of the water equally over the whole surface, and not in 
ed patches, as is otherwise found to be the case. By tbis 
, the water from below, as it rises and spreads itself over the 
filter, will gradually get loaded with impurities; and while 
laded, were it conveyed to a drain, with a current sufhciently 
^«o us to prevent these impurities from again settling on tbe 
ihe object aimed at would be attained. In order to get a 
fnt current to effect this purpose, the openings into drain 
be on the same level as bed of filter, and so arranged that 
!i into each will be short— say alniut 20 feet* On drain, a 
should be placed, so that when down the water would be 
ted from getting away: it would thus keep gradually rising 
filter-bed, and if, after having acr|uired a depth of from B to 
tea, this sluice was opened, owing to the short runs and the 
of water, there is little doubt but a strong current would be 
Bd, and the higher the water was allowed to rise before 
g the sluice, tbe greater of course would be the currents 
le existing filters, to cause a current, the water is let on to 
rface at the same time that it is kept rushing up from below; 
I system, however, it is clear there is & f^ent loss of water, 
t acta only a secondary part in the operation* But by taking 
water from below and creating a current by the system 1 
lere mentioned, there is no waste of water, that which is 
peing all fully got advantage of, both foi the purpose of 
I the material in filter-bed of the silt, and for creating a 
t to carry it, when loaded with the impurities, quickly into 

rder that the false bottom be enabled to stand the pressure 



of the water, it should be made much stronger than is generally 

done; the holes in tiles larger, so as to admit of the water getting 
freely up amongst the material; and to prevent the sand escaping 
from these openings, the tiles should first be covered with a layer 
of broken stones and gravel. 

In the filtering of water, it is sometimes passed through various 
beds of different degrees of fineness, and sometimes only one. In 
eases where the water, by subsidence, can be rendered tolerably 
pure before being filtered, one large bed will be sufficient; but 
where ita purity may vary much, more beds become necessary. In 
most ea»m two beds will be found quite sufficient, the one filled 
with K good thick bed of coarse gravel, and the other with good 
coarse silicious sand. If a sufficient quantity of coarse gravel 
cannot be easily obtained, broken granite, trap rock, or hard gritty 
freestone, will, as I have already observed, suit exceedingly well, 
continue in good working order for years, remove a large propor- 
ti«»n of the grosser impurities, and thus render the water, before 
being let on to the sand bed, more equal in purity during all 
seasonsf. 

In concluding these remarks on the purifying and filtering of 
water, 1 may here simply observe, that in the construction of all 
filters connected with waterworks for supplying large and populoui 
towns, in order that they may be cleansed without causing the 
necessity of supplying unfiitered water, the filter bed should be 
divided into water-tight comparments, so as to sidmit of one part 
being cleansed while the others are in full operation* 



BRIDGE BUILDING IN AMERICA. 

At the Franklin Institute (U. S.), Mr. Solomon W. Roberts 
made some remarks upon bridges. He referred to the importance 
of economy in their construction, aa large sums were often expended 
in such structures, when a less amount would answer the purpose. 
Suspension bridges, supported by iron chains or wire cHblea, sub* 
jected to a tensile strain, are comparatively cheap. When the 
material used is wrought-iron it is easy to make utrong spliceft, 
but thia is not the c^ae with wood. Suspension bridges on a large 
scale cannot readily b© built of wood, on account of tbe difficulty 
of tieing the timbers securely together and holding them fast. 
The bridges built by a person named Remington, about which a 
good deal was said in the newspapers not long ago, were wooden 
suspension bridges, on a small scale. It Is believed that the first 
rude suspension bridges ever made were constructed of grape vint?* 
or some similar materials of vegetable growth. They were* of 
course, but of smaH dimensions. 

The railroads of our country abound in examples of economical 
bridge-building; and when we are informed that more than three 
millions of dollars have recently been expended in England, in 
building a railroad bridge about fifteen hundred feet long and one 
hundred feet high, it seems almost incredible. No doubt the 
difficulties were great, nnd no doubt the bridge in question is a 
magnificent structure: but a person accustomed to the exigencieM 
of engineering in America shrinks from the idea of such an outlay 
of capital. 

The wngon bridge across the Niagara river, below the Falls, is 
a cheap structure, the span being about seven hundred and fifty 
feet, and the height more than two hundred feet. It is understtK^d 
that, at the same point, two able, experienced, and resoonsible 
engineers have offered to contract to build a substantial bridge 
for railroad trains across the must terrific torrent on the globe; 
and that the price asked by one was two hundred thousand doUars, 
and the other one hundred and ninety thousand dollHrs. At such 
prices tlie bridge would coat but little, if any, more than the 
interest for one year, at six per cent, of the cost of the tubular 
bridge across the* ilenai Strait. The cases were not alike, but 
they might serve to draw attention to the different circumstances 
under which engineering works, are executed in Kngland and 
America. — Journal of tJ^e Franklin Institute* 



i 



Ths New Ahbrican Gab Lioht. — By our advicci from the United 
StfttcB, we learn that the excitement is stiU very great abotit Paine's tj^siem 
of gtft*ligh(ing by decomposing water. It it loolced upon as one of the great 
discoverieB of Ibc age, and very itrong certificates are giiren by tbo»e who 
have aeen ibe apparatuf at work, the onljr part kept accrel being tbe inte- 
rior dispoiitioii of the electrode*. A very itrong controveray ragei abottt 
Mr. Paiae'i abilitiea aa aa engiaeer, but it it certain he hai long held i good 
itanding ansong the practical men of hit locality. Eoormoui atimi arc 
offered for tbe patent, in ctie he lucceeda in lighting Aitor lluuie. 
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ANOTHER PROJECT FOR THE ENLARGEMENT OF 
THE BRITISH MUSEUM. 

In all probability most of our readers have seen Mr. Hoskinjc's 
plfin fur erecting a spaiiuus rotunda in the inner quadraiii^le of the 
Britjsih Museum; and we here ciubmifc to them another, which, 
whether it be a better one or not, is certainly not borrowed from 
his, it having been produced upwards of a twelvemonth ago, by the 
author of the olan and elevution of a Corinthian octastvle for the 
facade of the Museum, published in the CimI Engineer and Archi- 
tects Journal^ jutit before the present Ionic one was begua» In- 
deed, it is so far from being singular that the idea of providing 
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additional nnd m»ich-wanted accommodation, by erecting buildings 
for the purpoae within the f|uadr«ngle, should have occurred to two 
individuals wholly unacijuainted with each other's intentions, that 
the only gnrprising thing is that the architect of the Museum sljould 
have thrown away so much space; and not only space, hut m much 
expensive work also, putting decorated stone fronts where they can- 
not be seen, while many part^^ of the exterior, which are in contact 
with, and come into view together with the facade, exhibit merely 
plain brick walls. Hardly does such contradictory treatment of 
what is exposed and what is concealed say much for either the 
economy or the judgment of Sir Robert Smirke — who being now 
professionally defunct, may be spoken of — that is, in his iirofess tonal 
rapacity, with as little cWemony ab if be were actually dead and 



gone, more especially aa we lake kim to be quite indifferent to 
either praise or censure. 

Had no more regard been paid to appearance in the inner coart 
than on the sides of the exterior, there might have been very little 
scruple to making alterations in the former; but now there must 
naturalJy be con!<^iderable reluctance on the part of the trustees U> 
cut up and destroy— for destroyed it would be— what kaa had 90 
much money expended upon it. Even should necessity at last get 
the better of not wholly unreasonable objections, desirable it would 
Rtiil be that additions made within the ifuadrangle should interfere 
as little as possible with any of the existing buildings around it. 
Nevertheless, Mr» Hosking proposes to remove a considerable por- 
tion of wall, both on the eaut and the west nide of the court. 
Now, putting expense out of the question, it w(»uld be attended 
with exceedingly great inconvenience during the whole of the time 
it wm being carried into effiH't, particularly in the Royal Library, 
which would, after all, hardly be improved by the alteration, un- 
le!^ further change were to be made, and its centre compartment 
be as much extended eastward as it would he we6tward,or on the side 
next the present ijuadrangle. Besides that any extension whatever 
of that iiorary is not at cill required; as it cannot be thrown open to 
the public, an immediate commuitication between it and the cen» 
trsd rotunda, would, perhaps, be rather undesirable than otherwise, 
A similar remark applicei to the other libraries forming the north 
range of buildings, Mr. Hosking appears, in fact, to have taken 
carif blanche for making alterations in, as well as additions to, the 
actual building; inasmuch as he further proposes that the present 
etaircase — the most scenic bit in the whole interior — *ihould he 
demoliKhed, in order to obtain there an additional gaUery. It is 
true, Ije provides a much more spacious staircii^e, in a line with 
the entrance-hall and his rotunda; and the new' staircase might, 
perhaps, in point of architectural effect, be more striking than the 
existing one; as to which, however, we cannot pretend to<;peak ^m 
a mere plan, more especially as that part of the plan requires in 
the absence of a section, a good deal of verbal explanation to 
render it sufficiently intelligible- Still, great as the improvement 
might be, so much of both doing and undoing would be terribly 
expensive work, and likely very greatly to exceed what Mr, Hoi- 
king hints at as its probable co^t> 

Even were his design pruned down, the rotunda propo^d by 
him would he not only so large, hut so lofty a masn, that it would 
in a manner quite choke uji the quadrangle, and greatly obstruct 
light, as the dome would be about sixty feet higher than the other 
biiildingti. Unless there he already more light tlian is found neces- 
Bary, it would be expedient to* keep whatever galleries might 
be erected with in the court as low as possible, consistently with 
regard to good proportions. Whether that would be satis^factorily 
accomplished by the plan here exhibited, we leave it to othen 
to decide after retidiug the explanation of it, which we begin b? 
observing that alteration of what already exists would be contined 
to the entrance-hall; not, however, that it would be absolutely ne- 
cessary, but it wiiuld he a comparatively trtHing one in conipariiton 
with the great improvement effected by it, by rendering that hall 
much more striking in effect as well as symmetrical in plan, as the 
staircase would then occupy a central situation on the west side, 
instead of haviug, ai^ at present, too much the look of being thrust 
into a corner. In the corridor leading from the hall to the new 
glyptotheca, or rotunda, would be two flights of steps lending 
down to the latter, which, in order to gain height, would be upon 
a lower level, by about ten feet, than the firnt hall. And so fir 
from being at all objectionable, such descent, which would assume 
quite a different character from a staircase, would be found to con- 
tribute to picturesque variety; while the corridor itseJf — «o to call 
it, might be made to serve in some degree as an additional gallery, 
although only one of approach, or a vestibule to the glyptotheca. 

As regards the last-mentioned apartment, although it wouM 
resemble Mr. Hosking's in a general circularity of plan, it would 
differ essentirilly from t hatband, indeed, from almost all other 
fitructures of a similar kind — ^inasmuch as it would form a double 
rotunda, an outer and an inner one, the former being a spaciout 
circular gallery surrounding and enclosing the othen The germ 
of the idea may be found in the so^calied Glyptotheca of the 
Colosseum in the Regent's Park, a most picturesque and tastefully- 
arranged interior; but which, being only part of an exhibititiD 
speculation, does not po^^ess any of that prestige which usually 
awes the many into admiration— at least, into the hypocrisy oi 
affecting to admire, merely !»ecause they are ashamed to cornea 
their ignorance or their indifference. 

The idea so derived is, however, differently treated, and further 
developed; a rotunda covered with a dome being substituted fer 
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the naall cylindrical eove containing an enclosed staircase in the 
ColoHeum. Though far inferior in dimensions to Mr. Hosking8,and 
of aomewhat lower proportions — viz., 75 feet in diameter, and about 
TO bigh, it could hardly be called small, as its diameter would bo 
connderably greater than that of the rotunda in the Bank of Eng- 
land (57 feet), and of the new Coal Exchange (60 feet), or, to quote 
what may seem authority more to the point, the central rotunda in 
the Museum erected at Berlin by Schinkel, which is nut more than 
€7 English feet in diameter. No doubt, the rotunda alone would 
afford very insufficient additional accommodation; but, besides 
that, there would be an outer ring-Khaped gallery, 30 feet wide 
and about 85 feet high, which would form room for a considerable 
collec t ion of works of sculpture on each side of it. In order to 
avoid interfering with, or coming into contact with the buildings 
on the north and east sides of the quadrangle, spacious semi- 
dreolar recesses or tribunes are substituted for the oblong 
branches of the plan, which, on the two other sides, would connect 
the new building with the present ones. Those two tribunes 
might be covered with semi-domes, and the light might be ad- 
mitted from above, either through the vertex of the coiicAviby of 
the dome, or through a large arched window in the lunette or 
arched head of the wall forming the chord of the semicircle. In 
the western branch from the rotunda would be flights of steps, as 
in the southern one, in order to ascend to the level of the west 
gallery, which would there be entered, as in Mr. Ilosking's 
plan, immediately opposite the Elgin Room; but with this differ- 
ence, that the gallery itself would remain untouched, as all the 
alteration there required would extend to little more than breaking 
through the wall and forming a door benetiih the centre window on 
that side; the windows being 12 feet from the floor, and the con- 
necting vestibule between that west gallery and the circular one 
beinff somewhat lower than the latter, so that its roof (a lead fiat) 
would clear the sill of the window, — as is now done in tne new por- 
tion of that west gallery, where two doors occur beneath windows. 

Such descent and ascent would, it is conceived, be not inappro- 
priate, as marking transition and creating variety; but whether de- 
«rable or not on that account, great positive inconvenience would 
be avoided by placing the rotunda about ten feet below the level of 
the present ground-floor galleries; for, asi«umin^ abtmt thirty feet 
as the height of the cylindrical walls, they would rise only eight 
feet higher than the sills of the windows around the quadrangle, 
so that they would not be visible at all through the windows from 
within, while the dome, being so much smaller, and consequently 
further off than in Mr. Ilosking's plan, would occasiim hardly any 
difference at all as to light. It may further be remarked,' that 
although it would be no more than what attention to pro]iortion 
would require, the height of Mr. II. 's rotunda would be somewhat 
preposterous as far as purpose was concerned, excessive height 
not beihff particularly desirable in a hall or gallery intended for 
the exhibition of sculpture, since sculpture can be placed only on 
the floor, or against the lower part of the walls. And besides tliat, 
in a room 120 feet high, even large statues would show too much 
like mere ornamental accessories to the architecture, so lofty and 
spacious a room brought into immediate propinquity with the 
present {galleries could not fail to dwarf them, and cause them to 
appear diminutive in comparison with it. 

ohould the plan here shown, and what we have said on the subject, 
draw forth remarks from others, either in the shape of objections 
or otherwise, we may have occasion to say something further; but 
at present we will only add, that the plan is not to be looked upon 
as a matured one, but merely as a general shaping out of what 
might be adopted, with such modification as might be held most 
expedient. Perhaps it would be an improvement to make the 
inner rotunda still smaller — to reduce its diameter to :ibout 60 feet, 
and lower it in the same proportion, so as to admit of obtaining 
two circular galleries around it, about 25 feet wide each, instead of 
a single one of 30 feet in width; that would augment accommoda- 
tion for exhibiting sculpture, with very little extensicm of plan, 
and, at the same time, the height of the buildings would not require 
to be so high by several feet, which, under the peculiar circum- 
stances of the locale, is a most important consideration. 



AaCHiTKCTUBAL EXHIBITION. — At the meeting of the Architectural 
Aitociatiun.on the 26th, aiubscriptioii was handed in hy a member, from 
''An Architfct/' who '* regrets to find the sister art to Painting and Sculp- 
lore likely to he diiven, by the unkiiidiieis of her relative!, from the portals 
of the Ruyal Academy ; and in the hope, ere long, that all may bhare a 
boilding fully adequate to the requisitions of the thiee." 



OX THE SUPPLY OF SPRING WATER FOR THE 
METROPOLIS.* 

On the Geological CondUione which determine the Relative Value of 
the Water-bearing Strata qf the Tertiary and Cretaceous Seriee, and 
on the probability of finding in the lower memhere of the latter^ beneath 
London^ fresh and large Sources of Water Supply^ tending possibly to 
rise to heights considerably above the lower levels of the Metropolisjf 
By Joseph PaESTwicu, jun., Esq., F.G.S. 

Thk following observations are the result of inquiries connected 
solely with questions of pure geolo^. As they have, however, 
some hearing on a subject which is now of considerable practical 
importance, it has led me to give them an application which was 
not anticipated at the time they were made, and consequently, 
some of the data more immediately connected with the practical 
part of the question are wanting; still, the theoretical deductions 
may possibly be of some use. As the subject is one of great extent^ 
1 cannot, in this communication, give more than a general sketch 
of it. Much of the detail must necessarily be omitted. 

The wells of London derive their suppfies of water from three 
sources: Ist. From the gravel reposing upon the London clay; 
Sndly. From the beds of sand and cla^ oetween the London clay 
and the chalk, which, in the course ofthe paper, will be designated 
as the Lower Tertiary Strata (the term '^Mastic Clay Formation" 
being obiectionable) ; and 3rdlv. From the chalk. 

Whether the beds below the chalk may not be available as 
i sources of water supply to London, is one of the objects of this 
inquiry. The first of these sources is small, and does not come 
I within the range of the present subject. The second has led from 
. time to time to the hope that it would prove large and abundant ; 
\ but from its failing, in many instances, the third has, of late 
i especially, been much resorted to, but with variable success. 

So far as London is concerned, the results yielded by the Lower 
Tertiary Strata and by the chalk are well known, and might be 
exactly determined. But in the event of its becoming necessary' 
to inquire into the capability of any other deposit relatively to 
these two, it is desirable to ascertain the physical conditions under 
which the present supply is obtained. These are essentially 
geological, and have not yet been investigated. They are regulated-^ 

1st. By the lithological character and by the thickness of the 
water-bearing strata, upon which depends the facility with which 
water can percolate through them, and their capacity, as a reservoir 
for water. 

Sndly. l^y the areas over which the exposed surfaces and outcrops 
of these strata respectively extend, whereby the quantity of rain 
water, which they can receive directly, is determined. 

3rdly. By the position which their outcrop occupies on the 
surface of tlie country, which governs the amount of surface water 
that may be absorbed, and also facilitates or prevents their receiving 
the drainage from off any of the adjacent lands. 

4th ly. By the exposed surfaces being bare, or covered by any 
form of drift. 

stilly. By the existence of any lines of disturbance, by which 
the subterranean circulation of the water may be interfered with 
or stopped. 

^V^ith regard to the first point, the lower tertiary strata vary so 
much in their thickness, and in their lithological character, that it 
is necessary to examine them over a wide range, in order to obtain 
any exact results, otherwise very different conclusions as to their 
probable water value might be arrived at. 

They consist throughout of a very variable series of sands, 
pebbles, and mottled clays. The clays usually form distinct and 
separate beds, and do not blend with the sands; and, as they are 
not permeable, they must, in estimating the capacity of this series 
for water, be separated from the sands, which alone will represent 
the water capacity of the series. In the eastern portion of the 
tertiary district, the beds between the London clay and the chalk 
are largely developed, and sands predominate. '1 he thickness of 
the series in the north-east of Kent averages about l^U feet, of 
which 90 to 100 feet may be sands, and the rest clays. In the 
north-west of Kent we find a total thickness of from 90 to 1 00 

• Read ut Uii> Royul Iiwtilui« of HritUh ArchitecU. July Hili. l^dii. 

t Since the lollowiiiK P.»|>er w:ia wniioii, the faluable " Kcport of the Genpril DoHril 
of H(>alth on the Sujiply of WhUt (n ihe MvtroiioU*," bus bcvii piiiilinhi-d. Hud I tweii 
aware last autumn, wh«n my aiientioii «rat more purticuiar'y (Jiriu:ed to thi« suluHut, ujr 
Uie wantol geoluitical inforniatiiMi which kt^minj nut unln-qiiHi.tlr t} xi»t in thf iliMru-- 
slons of the many planii reUitfe to difiVTvnt intMie^ uf •'Upply, I'-at kuch un invistiicatmn 
was in progrett, I probubly thou'd n>it havi* thuu^hi of Hmr.ui^ii.g upon thU in«i>iir)r. A» 
It howerer relut^s to geolocl al princlpiv* uf pvii«ral applicai on, a» hc.I a« to a ^ix^ciflu 
branch of the quvetlon, neither of which atf, I Hud, louoheit n|K>ii in the " lt-:Kiri." I 
venture to iubuit to the '* Inklituiiuu" a ihori lUttemeul of tlM principal reauiu I bav« 
trriTcd St. 
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feet, of which about 70 are sands. In that part of the tertiary 
district in which London is placed, a change takes place in the 
condition of the lower tertiary strata. The thickness of the 
sands diminishes, whilst the number and thickness of the subordi- 
nate beds of clay rapidly increase. It results, that beneath London 
the total thickness averages about 75 feet, of which 40 only are 
sands, and 35 clays. At Isleworth and Twickenham the thickness 
of the sands beneath the London clay do not exceed 15 feet, whilst 
that of the associated clays amounts 'to 60 feet. At Clarcmont the 
sands are 10 feet, and the clays 50 feet thick. Westward from 
these places to the end of the tertiary district at Hungerford, the 
mean of a number of sections gives only 11 feet of sand, whereas 
the clays are 38 feet thick. This reduces the water capacity of 
these strata within very narrow limits. The eiTect also of these 
changes, which are particularly rapid in the district a few miles 
westward from London, is materially to impede the subterranean 
flow of water, and it is probable that little, or if any, of the water 
absorbed at the outcrop of the lower tertiary strata in the portions 
of the tertiary district, from Guildford and Maidenhead westward 
to Hungerford, reaches London. 

The second point of inquiry refers to the superficial area occu- 
uied by the strata between tlie London clay and the chalk, which 
has apparently been generally represented as much larger tlian it 
really is. From an examination of our best geological maps, tliis 
outcrop might be estimated at about 800 square miles, whereas, it 
is certain that the area actually occupied by the exposed surface 
of the^e strata is under 400 square miles, and of this, a portion of 
nearly 200 square miles is in Kent, and is, therefore, for reasons 
given hert after, useless with regard to London Artesian wells. 
The dimension of their exposed surface and outcrops being known, 
the quantity of rain received on any deposit can be readily calcu- 
lated; but the quantity that would be absorbed would depend upon 
conditions named in the third point for inquiry. It will easily be 
conceived, that if a stratum crops out at the bottom of a valley, 
the rain lalling upon it, as well as any waters derived from the 
drainage of the adjacent hills, will remain on the surface of its 
outcrop, until either absorbed by it, or else removed by the surface 
channels, or by evaporation. This is a common form of structure 
in the lower tertiaries from Croydon to Hungerford, along which 
line they very generally form a small and narrow valley, running 
parallel to the higher range of the chalk. But if the outcrop of 
the stratum should take place midway on the slope of a hill, then 
much of the rain water falling on its surface will naturally drain 
to the lower levels, and little or no supplies from the adjacent 
surfaces will be received. This is the condition which holds good, 
to a great extent, along the northern outcrop of the lower tertiary 
strata from Watford, or even from Newbury, to Hertford, and 
also, as far as can be judged, from Hertford to Ipswich. There 
are other positions of outcrop; these, however, arc the two principal 
ones. 

The fourth point is one which exercises great influence on the 
supply of water to the water-bearing strata. If the surface of 
outcrop of any deposit were always bare (the mere vegetable 
mould excepted) as the London clay at Primrose Hill, or the chalk 
downs around Brighton, then, necessarily, there would be no im- 
pediment to the passage of the surface waters into any absorbent 
stratum; but if the stratum should be covered by any form of drift 
in the shape of sand, clay, or gravel, then the passage of the sur- 
face waters would be more or less impeded, according to the 
tenacity and thickness of the overlying mass. In geological maps 
this drift is not laid down, and therefore it is sometimes conceived 
that the underlying strata came to or near to the surface; such is, 
however, not at all invariably the case. Beds of drift are very 
generally, but at the same time, very irregularly, dispersed all 
over the surface of the country. In the neighbourhood of London 
they are largely developed, but do not much affect the southern 
outcrop of the lower tertiaries. On the northern line, the outcrop 
being commonly on the slope of the hills, the covering of drift is 
very partial. In Essex and Suffolk, where the lower tertiaries 
frequently crop out on the summit and on the brow of the hills, a 
thick mass of perfectly impermeable drift clay (Boulder clay of 
Sir Cliarles Lyell) overlies them, and entirely excludes at places 
the surface waters. 

In the fifth place, whatever may be the value of any deposit with 
regard to its thickness or its area of outcrop, its effective. power 
will depend upon these conditions of thickness and area acting 
without interruption from the circumference to the centre; for if, 
from any cause, the continuity of the strata should be broken or 
in any way interfered with, then the other conditions, howsoever 
favourable, are rendered more or less inoperative, according to 



the amount of the disturbance. In the neighbourhood of London 
these causes have materially impaired the efliciencnr of the lower 
tertiary strata, as a source of water supply to London. The ter- 
tiary district is traversed by two main lines of disturbance, dividing 
it into four unequal areas, each of which is more or less independent 
one of the other. One line runs nearly east and west, and forms 
an irregular ri(L;e, or small anticlinal line, passing from Cliff by 
Gravesend and Woolwich to New Cross, and Drinking up the chalk 
to the surface along that portion of its range. It then proceedsi 
apparently, to Windsor, and thence towards Maidenhead. By the 
operation of this line of disturbance, the drainage of the lower 
tertiary strata in the north-west of Kent, where they are largely 
developed, is prevented from passing under the large mass of 
London clay spread over Essex. Southward and westward of 
London, as the lower tertiaries do not come to the surface, their 
I continuity is not so completely broken by this distuiCMUice. 
I Another line of disturbance runs nearly due north and south, and 
I intersects the first line at Deptford, passing apparently down the 
; valley of the Lea, crossing the Thames, and tnen running up the 
I valley of the Ravensbourne. Its effects with regard to the supply 
of water to London are important: it intercepts — ^in conjunction 
I with the first fault— almost, if not all, the drainage water of the 
i lower tertiaries in Kent from passing to the strata below London, 
: and in the same way, it separates to some extent the Essex district, 
I and prevents it from contributing any large supply of water to 
the division in which London is placed. There are other smaller 
' lines of disturbance, which cannot now be noticed. From all 
these conditions it must be apparent that, so far from the larger 
portion of the outcrop of the strata between the London clay and 
the chalk contributing to the supply of the Artesian wells at 
London, the contributing surface is confined to a very small section 
of the wliole area. The whole of Kent (except possibly for a 
short distance between Beckenham and Croydon) must be excluded; 
Essex is of but ^ght assistance, and the district of country from 
Hungerford eastward to at least about Guildford and Maidenhead, 
contributes probably little or nothing to the water supply beneath 
London. 

Of the remaining portion of the area, the part from Maidenhead 
to Hertford is generally placed under conditions unfavour- 
able for the absorption of the rain-water, whilst the physical 
structure of the district between the southern line of the outcrop 
and London places ilifiiculties in the way to the free jpassage of 
water. These restrictions render it probable that, or the— say 
400 square miles occupied by the lower tertiary strata, probably 
not more than an area of 30 square miles, if so much, can be con- 
sidered as contributing to the water supply of London, which is 
placed at the south-east corner of the north-west division, in such 
a position, that^ instead of its being a matter of surprise that the 
water value of the lower tertiary strata is not greater, it is, on 
the contrary, an indication of what that value would be, if a 
similar series of aienacious strata were placed under more favour- 
able conditions. 

As evidence of the water value of the lower tertiaries, a few 
cases may be briefly mentioned. In Essex, where the area of out- 
crop is both small and very unfavourably situated, nevertheless, 
from the large subterranean mass and the thickness of the strata, 
the supply of water is general and steady. Wells of 100 to SOU 
feet in depth are common, and there are many from 300 to 400 
feet. The water rises in most cases to above the level of the 
Thames, and in quantities varying from two quarts to eight 
gallons per minute. It must be observed^ however, that, unlike 
the wells in London, the Artesian wells in Essex almost invariably 
end in the sands below the London clay, and do not often reacn 
the chalk. In the low marshy islands at the mouth of the 
Thames, these wells have of late become numerous, and have 
proved of the greatest value. Formerly, in dry seasons, great 
distress used to be experienced in these districts tor want of fresh 
water; now, there are wells in Wallisea Island 400 feet, and in 
Foulness Island 450 feet deep, the water in all of which rises 
above the surface, and furnishes a good and steady supply in all 
seasons. 

In Kent, the Artesian wells of Sheppy may be instanced as cases 
of a larger supply. 

To the South of London the number of Artesian wells ending 
in the tertiary sands is not inconsiderable, and the supply of water 
is large. To allude only to one set of them, we will take those 
which are sunk in the Valley of the Wandle, as at G.nrrett, near 
Wandsworth, and at Tooting, where there are several such wells, 
130 to 160 feet deep. Some of them have been in operation fur 
several (10 to 25) years, and they continue to overflow at the 
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■nrfiue at the rate of from 50 to 100 jcrallons per minute. At the 
new almihouiies at Garrett, the supply from the Artesian well is 
60 gallons per minute, and the water is laid on to the groiind-iloor 
of the forty- two houses, and supplies beside a small fountain in 
front of them. 

At Kinf^ton, Richmond, and Twickenham, the supply of water 
from these strata is also good. It then diminishes in proceeding 
westward, apparently from the thinning out of the beds of sand, 
and the preponderance of mottled clays in the lower tertiary 
strata. At oandgate, near Chertsey, a well was sunk to the depth 
of 600 feet through the London clay, and ended in the mottled 
days. No water was obtained. At Cubham and at Knapp-hill, 
near Woking, the same result was experienced. At Cobham-place, 
near Cobham, a well was sunk some years since through tlic whole 
thickness of the tertiary strata, conmicncing with the Bagshot 
Mnda, to a depth of 649 feet. The lower tertiary strata here 
were about 50 feet Uiick, of which i-7 were of clay^ and only about 
3 to 4 feet of sand. The supply of water being small, the works 
were continued down further to a depth of 150 feet into the chalk; 
but after aU, the quantity obtained was not large. 

In the north-west division of the map the supply *c water in 
the lower tertiarv strata is very uncertain, and at all times small. 
At Ncnwood, in Middlesex, these strata were traversed, togeilier 
with 50 feet of chalk, without finding any water; and at Han well, 
although a supply of SO gallons of water per minute was at first 
obtained, yet, at the end of six years, the quantity had diminished 
by more than three-fourths, and other sources of 6u])ply had to be 
songht. 

In the valley of the Lea, the Artesian wells are numerous, and 
tolerably well supplied. There are some at Broxbourne, several 
at Waltham Abbey; also at Enfield, Edmonton, and Tottenham 
The water rises above or near to the surface in all of them; their 
depth varies from 70 to 120 feet. 

In London, the great number of Artesian wells has rendered it 
necessary to extend a large proportion of them down to the chalk, 
in order to obtain a better supply of water than can n4)w be ])ro- 
cured from the lower tertiary strata. 

With regard to the much debated question as to the probable 
supplies of water to be expected from the chalk, there can be 
little doubt that a very large portion of the rain falling on any bare 
chalk district is absorbed at once. This is generally admitted, and 
is evident from the absence both of streams and also of standing 
waters on the surface — whether the water so absorbed passes to, 
and percolates freely at great depths in the chalk, or whether it 
remains near the surface in the upper beds, is to be determined. 
It is evident from the recent experiment of Professor Ansted, that 
the absorbent power of tlie challc is very great — as much as two 
gallons of water per cubic foot of chalk. But so far fram this 
property being or value as a source of free water supply, it 
probably favours a contrary result. For this absorbent power is, I 
consider, owing to a strong capillary attraction arising from the 
extremely fine texture of the chalk; and if such be the case, there 
will be a natural tendency to a rapid absorption by the upper beds 
of the chalk of the rain-water which falls upon its surface, but 
the very strength of this tendency must cause these upper beds of 
chalk to part with difficulty with the water so absorbed. 

It will follow that it is only when the upper beds of the chalk 
are in a state of saturation, or when fissures allow of gravity to 
act on the water with a force stronger than that which solicits it 

a' capillary attraction, that water passes deeper into the mass of the 
alk. Notwithstanding these counteracting causes, as the surface 
of the chalk is frequently much brrken and fissured, the quantity of 
water in its upper beds is, in many valleys, often very great. As 
the depth of the chalk increases, these small fissures rapidly 
decrease in number; but they are intersected at intervals by larger 
ones, which conduct part of the water to greater depths. The 
planes in which the flints are deposited also present unadhering 
surfaces and joints through which water can pass; and this, rather 
than a general diffusion of water in the mass, will account for the 
phenomenon presented in hilly chalk districts where the level of 
the water in wells follows nearly the surface level of the intersect- 
ing valleys; for the base of these vallies being fissured and satu- 
rated with water, this water finds probably a readier passage late- 
rally along the planes of stratification in which the fiints occur, 
than downwards through irregular fissures. Consequently, in 
sinking wells on the hills, the water is frequently found on reach- 
ing the strata which are on a level with the base of the adjacent 
Vfludeys. At a certain depth in the chalk the passage of water is 
usually obstructed by the lower beds, known as the chalk marl, 
which form an almost perfectly impermeable mass, holding up the 



water from the upper and middle chalk, and throwing it off in 
numerous springs at the base of the chalk escarpment, where the 
an^le of inwardi dip is not too rapid. 

Unlike, therefore, strata of sand, through which water can per- 
meate with facility in all directions, and where it will tend to take 
the form of large sheets co-extensive with the strata themselves, 
the percolation of water in the chalk is partly in the seams of 
bedding, and partly through fissures irregularly distributed, the 
direction of which can only be determined by experience. It may 
be compared to a mineral occurring in veins traversing a rock in- 
dependently in a great measure of its stratification, and the volume 
and permanence of which is very uncertain; whilst, in arenaceous 
strat.-i, it may be represented by the same mineral occurring in 
beds in any stratified deposit, of which the range is persistent and 
uniform, and the dimensions can be tolerably well determined 
beforehand. 

It is also to be observed that the chalk is far from presenting a 
generallv bare surface. On the contrary, a large portion of it in 
Hertfordshire and Buckinghamshire is covered by beds of a red- 
dish drift clay, generally very tenacious and impermeable. It is 
from 10 to ^ feet thick, and prevents to a great extent the passage 
of the surface waters into the chalk. It is confined almost entirely 
to the summit of the hills. The vallevs usually present nearly 
bare chalk slopes. This drift is of much less extent in Kent and 
Surrey. 

The deepest well in the chalk is at Saffron Walden. It was 
bored to the depth of 1001 feet, all in chalk, and was abandoned 
for want of a sufficient supply of water. There are also many 
wells from ^0 to 400 feet deep in the chalk district south of 
L(»ndon. The very depth of these wells shows the mass not to be 
so water-charged as it has been frequently supposed. Water, in 
fact, rather percolates than permeates through the chalk. That 
that portion of water which finds its way through the mass of the 
chalk is kept up by the gault at its base, is therefore seemingly 
incorrect. It is more probable that it is held up almost entirely 
by tlie chalk marl. 

Immediately below these latter beds is the formation called the 
u]»per grecnsand, which exhibits to the north and south-east of 
London a type so insignificant, that it would be likely to be 
regarded, with reference to this question, merely as a few feet of 
unimportant sandy beds at the base of the chalk formation itself. 
It must, however, be viewed over a longer range, and then it will 
be found to possess an importance of which the narrower limits 
give no indications, and to which I would call attention with 
regard to its value as a water bearing deposit. 

At Folkstone it is only 15 feet thick, but expands to 40 or 50 
feet at Merstham. At the first place it is very argillaceous, and 
of little value as a water-bearing stratum. It is the same at Cam- 
bridge, where it is only two or three feet thick. In Bedfordshire 
it is rather thicker. Taken on a line passing from Bedfordshire 
through London to Godstone, the lower greensand may be about 
20 to 30 feet thick. Westward, however, from this line it gra- 
dually expands, slowly at first, and more rapidly afterwards, and 
at the same time it assumes a more distinct type, and becomes 
much more arenaceous and permeable. At Farnham it has attained 
a thickness of nearly 100 feet; near Watlington of 70 feet; at 
Wantage of above 100 feet; at Burbage, in tlie vale of Pewsey, 
apparently of more than 140 feet, whilst at its extremity at Devizes 
it is also about I U) feet thick. It therefore represents a long 
wedge, of which the thinner edge is beneath London, and the 
thicker one rises to the surface at Devizes and near Calne. 

Unlike the lower tertiaries, which present such rapid change^ in 
their lithological structure, the upper greensand presents, notwith- 
standing its various development, a remarkable uniformity in its 
structure throughout its range from the meridian of London to 
Devizes. It may be considered on the whole as formed of two 
divisitms — the upper one of sands, occasionally slightly mixed with 
clay, and of various shades of green, generally light — the lower 
one of soft thin bedded or fissile, calcareous sandstone. The upper 
division expands more than the lower one, and, as it expands, it 
becomes more purely sandy and very permeable ; whilst the lower 
division is so fissile and fissured that water can generally percolate 
through it with facility. 

The area occupied by the outcrop of the upper greensand west- 
ward of the meridian of London is apparently about 160 square 
miles, of which about 110 maybe effective as a source of water 
RU]>])lv, whereas, as before mentioned, the lower tertiary possess 
less than 30 square miles of such surface. In their subterranean 
range the difference is still greater — the tertiaries spreading over 
an extent of about 500 square miles, and the upper greensand of 
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2500 square mileft, in water communication beneath London* If, 
further, the volume of their ma^es^ with reference only to those 
beds which are permeable aud the area which is effective, be com- 
pared, the following is the result in round numbers, each uitit 
representing a mass a mile square and one foot thick. 

Volume of the permeable portion of the beds beneath the 
chalk and the London clay ... lt),50U 

Volume of the permeable portion of the upper green- 

aand ,.. ... ... .• 150,000 

The productive and contributini^ area of outcrop of the upper 
greensand may be considered to he four times greater^ and th*^ 
volume of its maasg, viewed as a reservoir for water nearly ten 
times larg^er tFian that of the lower tertiary strata. The water in 
this upper greensand is everywhere held up by the underlying 
gauU, which consist of a mass of dark grey tenacious and per« 
fectly impermeable clay from 100 to 150 feet thick. 

Below the g-ault is the lower jj^eensand formation, consi^^tin^jr ^f 
a series of beds of loose sands and soft sandstones, with subordi- 
nate beds of clay, and groups of argillaceous atrata ; the sands, 
however, on the whole, predominate largely* Ai a mass, it is 
much more variable in mineral character than the upper green- 
sand. It also follows a very different rule in its development; the 
If&tter thins out as it ranges eastward, whilst exactly the reverse 
holds good with the former. At Hythe it is, according to Dr. 
Fitton, 406 feet thick, whereas at Devizes it is only 13 to 20f eet 
thick ; the decrease, however, is not gradual, for its thickness in 
Surrey is probably greater even than at Hythe. In Bedfordshire 
it may be from ^50 to 300 feet thick ; it gradually becomes thinner 
as it ranges to Norfolk on the one i^ide, and to Oxfordshire on the 
other. 

Without going into further details, it mav he observed, that the 
area of outcrop of the lower greensand, with reference to the sur- 
face that might contribute to the water supply at London, appears 
to me not much less than 400 square miles, whili^t, in its effective 
underground range, it is spread over an extent of about 30O0 
square miles, and its effective volume may be represented as a 
mass of 500,U00 square miles, one foot thick* The great excess gf 
these dimensions over those of the lower tertiaries need scarcely 
he pointed out. 

'J'he lower greensand is underlied by the Weald clay and the 
Kim me ridge clay, both of which are of considerable thick i^ess 
(^200 to 400 feet), and perfectly retentive of water. From theae 
facts it therefore appearii prohable that, both with regard to areas 
fur drainage and to capacity for water, the upper and luwer green- 
sands present conditions far more favourable than the lower ter- 
tiary strata; for their areas of outcrop are greater, — their litho- 
logical character and thickness are superior,— the position occu- 
pied by their outcrop is usually more favourable, — their exposed 
hur faces are generally more free from drift, and they are both, the 
lower greensaiids especially, very absorbent. These conditions 
deternnned, it remains, however, to ascertain how far they may 
be rendered inoperative by disturbances in the strata between their 
outcrop and a central point at London. The main lines of dis- 
turbance which have affected this district run nearly east and 
west ; consequently, as the expansion of the upper greensand and 
its main receiving surface are to the westward of London, or 
pai-allel to these lines, the probability of the continuity of the 
strata being broken between Middlesex and Wiltshire is less thaa 
it would be if they were on a north and south line. 

As far as my own observations go, there are apparently no faults 
or disturbances of a sufficient power to interrupt the underground 
flow of water from the outcrop of the upper greensand in Wilt- 
ahire, and more especially in Oxfordshire and Berkshire, to London. 
M^ith regard to the lower greensand, the case is different. Its 
contributing surfaces lie northward and southward of London, and 
it is traversed longitudinally by some faults of considerable mag- 
nitude. The mi>st important one runs east and west, inime- 
diutely beyond the outcrop of the upper greensand and the gault 
at the base of the North Domfus, and is of a force sufficient at 
places to tihift the whole thickness of the lower greensand out of 
its true position. If this fiiult were continuous, and its effects 
equal from any point near Westerham to Farnham, then it is pro- 
bable that the drainage of nearly the entire »one of exposed sur- 
face of the loner greensand^here two to five miles broad — would 
be intercepted by it. But lines of disturbance are rarely main- 
tained in equal power through any great length of range; they 
ore, at it were, intermittent ; therefore, although the continuity 
uf the lower greensand might be broken at one or more places, yet 
ttl other places it might be, and no doubt is maintained. For in a 



formation of so variable and arenaceous character as tbii, it is not 
necessarv that each stratum should preserve its continuity. If the 
mass is displaced to the extent of 100 to 900 feet^ provided strata 
of a loose sandy nature lire brought into juitapoajtion on the oppo- 
site sides of the fault, that will be sufficient to keep up the circu- 
lation of water from one side of the disturbance to the other, and 
the waters dammed back in thotjc parts where the disturbance i* 
greater, and the continuity completely destroyed, will paas roimd 
through such points of communication. Neverthelesa, there is di» 
doubt that the water- value of strata so affected must be leaaened, 
and for this altowimce has been made. On the zone of outcrop to 
the north of London there seems to be but few disturbances, or, ai 
all events, not any of sufficient magnitude to produce great inter- 
ference, except westward bevond Abingdon, where the lower green- 
sand is entirely cut off by a fault. The previous calculations there- 
fore only refer to the districts from Wallingford and Biggleswade, 
and from Farniiam to Maidsitone. But it is to be observed alto 
that the lines of disturbance which so materially affect the compa- 
ratively thin and not deep-seated beds of the lower tertiary strata 
would be of little consequence in the deep-seated greensanda, 
where the water-level is so far above the level of the disturbed 
strata. It is therefore, I think, probable that the upper and lower 
green sands constitute two important zones of water-bearing strata 
underneath London, and it next becomes a question to determine 
at what depth they may be met with. 

The thickness of the chalk has been very variously estimated, 
but there are good geological grounds for presuming ihut the 
chalk underneath London is not above 600 to 700 feel tliick; if, 
therefore, a point be taken where the tertiary strata are not above 
200 feet thick, it is probable that the u[jper greensand would be 
reached at a depth not exceeiling at a maximum 1000 feet, and 
the lower greensand at 1200 feet. Supposing this to be the caae, 
theo, as the outcrop of the upper greensand above Trinity high* 
watermark at London is 360 feet sou tli ward at iVIerstham, and 135 ft* 
northward beyond Hilchin ; and as, with few exceptional it con- 
tinues to maintain a high and increasing level from these points 
westward to Calne and Devizes, where it reaches an elevation of 
about +M feet ; it follows that a supply of water from this source 
nt London would probablv rise to a height of from 100 to 150 feet 
above the level of the 'f hames at Loudon. The outcrop of the 
lower greensand varies from 100 to 300 feet above the same level ; 
and, as the dista nee of its contributing areas of outcrop from 
London is much less than those of the upper greensand, it is pro- 
bable that its waters might rise to a height of SO to 100 feet, or 
more, above the level of the Thames, 

In conclusion, aJthough the supplv of water obtained from the 
lower tertiary strata at and around London is confessedly inade- 
quate to the supply of a large town, yet it is, as a local supply, in 
many cases, of considerable value. If, therefore, with an area of 
Outcrop of such limited extent, and a capacity of such moderate 
volume, the lower tertiary strata nevertheless are of not inconsi- 
derable value as regards their water supply, then it is prolable 
that, with dimensions in every respect so much greater, and under 
conditions generally so much more favourable, the upper green- 
sand, and the lower greeuHand more especially, must poweae a 
wa.er value very considerably greater; and there appears to me tu 
be no reason why, in the case of the upper greensand, the downs 
and valleys of \f iltshire and the plains of Oxfordshire and Berk- 
shire, should not contribute their contingent to a supply of water 
at London, or why even a very much larger supply, amounting 
possibly to at much as 50,000,OCK) of gallons daily, if needed, should 
not be furnished by the lower greensand of the hills of Kent, 
Surrey, Buckinghamshire, and Bedfordshire, The first srource of 
supply would be doubtless purer and better j but the latter would 
be more abundant, aud more generHlly available for all ordinary 
purposes requiring large supplies, while, frt«m its being naturally 
at a high prensurei it might be applicable, not only to sanitx^y 
improvements, but also to the ornament and convenience of the 
metropolis. 

Monsieur lyArchiac, who has paid great attention to the subject 
of the water-bearing strata of the tertiary and cretaceous series of 
France, confirms, a^ the result of his experience, the rule laid 
down upiui perfectly independent grounds by the Abbe Paramelle, 
ju his ^Observation:^ on iSpriug^,' viz., ^^ That the underground 
currents of witter follow the same law as those which ffow ou the 
surface." This is a natural consequence of the physical structure 
which determines the water-sheds of a country. Applied to the 
ease before us, it would corroborate the views advanced in this 

Saper ; for as the 'Ihames and its tributaries effect the surface 
raioage of the tertiary and cretaceous districts around Loadojl| 
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•d would the drculatloa of water, in the eubterranemi raii|^ of 
the lower cretaceans strata, have a tendency to follow under- 
ground a direction correspoodirti; to that in which it Bows un the 
lurface, and would indicate that the positiori of London, with 
reference to the pri>hal>ility of meeting with such sources of supply, 
ia extremely favourable. 

There are many other point** I could have wished to notice, such 
aa the fall of rain on the Kurfat-es of the different water-bearing 
atrata — the quantity of free water which the masses will hold, &c.j 
but which the limits of this paper will not allow me to enter upon. 
Should the general concluHioriK be correct, and should there exist 
beneath London two lar^e and important, and hitherto uottmched 
tonrces of water supply, it then becomes a question how far such 
aoureea are available, and what may prove to be the quality of the 

I water. It was not my intention, nor do 1 feel competent, to go 
beyond the'lheoretical part of the inquiry, the impartial discuasion 
of which was the sole object I had in view; there are, however, a 
few questions of practice, and an analogous case, bo strongly in 
point, that I cannot help makinier a few observations on them. 
The great difficulty experienced in sinking* Artesian wells in 
London has arisen from the circumstance of the water not rising 
to within many feet (60 to Uii^) of the surface, in consequence of 
which it has been necessary to sink shafts through the London 
clay, as well as through the loose sands and clay below it; a work 
frequently attended with great difficulty and expense. The chalk 
oDce reached, the operation of boring to greater depths has been 
eoinp«ratively easy. As it i^, however, probable that the water 
from the green sands would rise, generally, to above the surface, 
the whole depth could be bored ^ and the great expense of ainking 
the shafts would be avoided. The case in point to which 1 would 
I refer ia the Artesian well at Calais; it presents conditions so 

> «tnktngly similar to those which would probably be found to exist 
at London, that 1 tliink it may be viewed^ although unsuccessful* 
in furnishing a supply of water, as a fair criterion of the difficulty 
and expense of a like operation here. 

The tertiary strata presented^ probably, even greater impediments 

tlian they would at London. The first 80 feet con£«isted of gravel 

Bud loose wet sands; then fultowed a succession of clays, sands, 

»nd pebble beds, of a thickness of 161 feet — ^^the larger part being 

sands. These beds belong to the lower tertiary series. Below 

them is the chalk, through the entire thickness of which the bore 

Was continued 76'^ feet. Then followed 3 feet of a stratum, which 

I may be the equivalent of the upper greensands, and then 24. feet of 

I ^ult clay, and finally, 17 feet of hard greensand. The total depth 

at this point was 1017 feet. So far the work, whirh was begun in 

1S4$, had been two years and-a-half in progress, but would have 

been eompleted in much less time had it not been for delays in the 

( arrival of^the necessary auparatus. The siae and number of the 

fiint pebbles, and the hardness of the chalk, also caused delay, by 

> breaking the instruments several times. The total expense, up to 
this time, amounted to 48,300 francs, apart from the cost of the 
t^niporarv tubes, which came to 18,471 francs. Had the work been 
•neecisfiu, the engineer. M. Mulot, would have been entitled to the 
latter, together with a further sum of 1D,000 francs, consequently, 
the expense of the work necessary to have obtaine<l the hope for 
supply oi water at this depth would not have exceeded 3000/. A 
further sum of 19,000 franco was afterwards voted, and the works 
were carried, still without success, to a total depth of 1 1 60 feet — a 
depth, 1 believe, sufficient to reach the lower greensand at London- 
while the depth to which the well was first sunk would here, 1 
tliink, more than suffice to reach the upper greensand. The depth 
of the Artesian well at Grenelte, in I'ari^^ is nearly 1800 feet, and 
the yield of water about l,000,iNJO of gaOuns per 24 hours. It 

■ riaee about 190 feet above the surface, and the water-bearing strata 
crop out in the country beyi>ud Troyes at an elevation of about 
300 to 350 feet above the surface level of this well. 

There would, therefore, I conceive, be no practical difficulty in 
boring through the tertiary strata and the chalk to the upper 
greensand beneath London. The thinness of the latter at this 
point renders it, of course, uncertain how far its supply of water 
may be interfered with by causes which have escaped notice* 
Should any unforeseen causes occur, which, however, I do not 
anticipate, then it would be necessary' to continue the work deeper, 
JOBS to reach the lower greensand, which, as the upper greensand 
IS close and compact, and underlied by chiy only, would not be 
attended with any unusual difficulty. The great thickness and 
ext^ut of exposed surface of thLs formation renders the chance of 
•oeotiM mitcn greater than with the upjier greenaand^ 

* TUt* >« prob^tljr causNl bj » /MtU^ of which Ui«r« mn »ppmnaUj iRdlriUoOi ft few 
pilci i<» tr»c todib of Cmlti^ V> Itiiuul a moraliupucluot kiMw|td|« i^tiitt dl«trJct| I Cftn, 




With regard to the quality of the water, the unifonn character 
and mixed calcareous and siiicions structure of the upper green* 
sand are favourable for a supply ai good, or probably ratner better, 
than that from the chalk — ^probably not quite so hard. With 
regard to the lower greensand, although it consists chie^y of pure 
iilicious sands, still many of the beds are ferruginous, and olhera 
of very variable mineral character; the quality of the water whicli 
would be obtained from this source would therefore be rather 
uncertain. Admitting that it should not be fit for domestic 
purposes, still it would be free from organic impurities— it would 
poueai a uniform temperature of from 68^ to 70^. (The water of 
the Grenelle well contains 14 grammes of solid residue in 100 
litres, whilst the same quantity of Seine water contains 17^ 
grammes.) 

For the purposes of stand-pipes for cleansing the streets and 
courts for safety against fires, tor public fountains, and oman^ental 
waters (such as the Serpentine), for irrigation and for baths, I 
believe that a very large and important auxiliary supply might 
thus be obtained. Even on a limited application, eigrit or ten 
wells of this description, yielding from 6,000,000 to 10,000,000 

fl^allons daily, sunk in different parts of London, each with a 
imited distributory apparatus attached to itself as a centre, would 
probably constitute, to a certain extent, an efficient and economical 
mode of supply for this object, and might prove a meaaure of 
public utility and advantage. 



LATERAL STRENGTH OF STONE.. 

Sni — Experiments on the lateral Htrengtli of wood have already 
been made in abundance; but on the lateral strength of stone — 
that is, what weight is required to break it when supported at 
each end, and the weight laid on the middle of its length, I am 
not aware of any experiments on record. 

This void is the more remarkable, considering the numerous ap* 
plications of stone supported at the ends and loaded in the middle 
— especially in (irecian architecture^ — for entablatures, lintels, Sec; 
and in itairs, landings^ balconies, platforms, &c., ike. The fol* 
luwing experiments on a variety of stone and slate were made at 
the time tne Chester General Railway Station was constructed, in 
Marcli 1848. If you think them worth a place in your Journal^ 
chiefly with a view to engage others to pursue the subject, I beg 
to put them at your disposal, and vouch for the greatest care 
having been employed to insure their accuracy: — 

Bangor Statt. 
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jV^e4 — The Biiigor Slate ia t^ch experimeot waa fractured itrii^ht acroit 
on top, and tpltnlered underaeith; the Llangollea SUte iplintered ; tb« 
Wingerwortb Stoae frtctared nearlj itraight and tqttare acrQii ; and Ibst 
from the Red Stone Quarrf fncluccd itcai|Jb.t^ 
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The machinery for the experiments consisted of two bars of 
malleable iron tor supports. These were reduced to an acute 
angle on their upper edge, and perfectly straight longitudinally; 
both were fixed in Uocks of wood, laid on two atone walls about 
S feet high, thus leaving enough of soace for applying the weights 
below. These bars were laid level in the oirection of their 
length, and level with each other; exactly parallel, and placed, 
as correctly as could be measured, 3 feet apart, from the angle of 
the upper edge of the one to that of the other. The stone or 
slate having been previously dressed to a uniform breadth and 
thickness throughout, and 3 ft. 3 in. in length, were successively — 
when experimented — laid on the iron bearings crossing them at 
right angles, and equidistant from the ends. Another iron bar. 



RAILWAY POINTS AND CROSSINGS.* 

Ma. CABTPBCiiri, the resident engineer of the Edinburgh and 
Bathgate Railway, has invented some improvements in railway 
points and crossings, and in setting of the rails in the chairs, 
which have been adopted with success on the above railway. The 
annexed engravings show the improved points and crossings, as 
well as the common and the patent make. 



FIOJ 




Fig. 1 is a section of the improved switch, drawn to a fourth of 
the full size, at the points of the switches. It is on the bottom 
side the same as the common switch, while on the top it resembles 
the patent switch; but it is simple and equally as efficient, and will 
stand more work. The bearing surface is neither notched nor 
undercut, the inside of the top of the switch being bent with a 
twist so as to pass under the top flange of the stock rail. The top 
of the switch not being mitred into the underside of the bearing 
surface of the stock rail, it is not liable to be locked by the barb- 
ing over of the stock from the pressure of the wheels, as frequently 
happens with the patent switch and others which resemble it in 
cutting under the top flange of the stock. In Mr. Campbell's 



having its onder-edge dressed to an acute angle and stnught in its 
length, was laid perfectly square across the middle of the stone or 
slate under the experiment. This third bar of iron projected 
over the stone or state, sufficient to suspend therefrom^ at each 
end, an iron triangular frame. The bases of the triannea bding 
horizontal and parallel to each other, served to support the weight 
applied to break the stone; which weight consisted of ban of 
iron, laid on one by one, with great caution, so as not to commu- 
nicate a concussion to the weight. No steelyard or levers of any 
kind were used, so that the quantity of iron laid on, including the 
triangular frame and cross-bar being all weighed, gave the nett 
weight required to break the stone or slate. 

SeacambCy May SOth, 1850. William Stbwabt. 



meet the tear and wear of the crossing point, notwithstanding the 
weight of the engines in use. Any contrivance for the main road 
must be very secure; but at stations where there is much tnttc, 




while the transit is slow, the wheels might be assisted over the 
interval at the crossing point by a piece of iron keyed between 
the rails, having its surface one inch below the top of the rail, and 



net 




tapering down at each end, on which the flange of the wheel would 
run till the face again touched the rail, and so be prevented from 
falling, as it does, off the steeled point with a blow on the knee of 



FIC.6 




improved switch, part of the under flange of the stock is cut away, 
which allows a broader and steadier base for the switch, and at the 
same time stones do not so readily rest between and prevent the 
shuttinff of the switch. 
Mr. Campbell was not aware of anything having been done to 

• Th« dMcription Is from a ptper nuA bj Mr. OunpbtU, tt Um Itoysl SooiMik Soeitty, 
85th Mueb, 18S0. 



the wing rail, which is the point that gives way. This is similar 
to what is done at the crossing of the bars on a turntable. The 
chair is laid level on the sleeper, but the seat of the rail is inclined 
I in 15 in the chair, as shown in fig. 4, so as to give the rail an 
equal cant its whole lengUi, to meet the cone of the wheel. The 
inside iaw of the joint cnair should fit close up under the flange of 
the rail, but the intermediate chairs should not rise quite so ugiN 
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and be ■lightly rounded on the inner face to allow the rail to 
acHut iteelf to the joints, which are firgt keyed and spiked firm. 

rig. S shows a section of the common switch, which possesses 
the advantage of a straight face and continuous bearing surface; 
bat in consequence of it consisting of two parts, is much less 
durable at the point than the improved switch. 

Fig. 3 is a section of the patent switch. 

Fig. 4 is a section showing the cant of the rail in the chair. 

Fig. 5 is a section of a check rail chair. 

Fig. 6 is a plan of a crossing point. 



FLOATING OF THE FOURTH AND LAST TUBE OF 
THE BRITANNIA BRIDGE. 

The floating of the fourth and last tube, which may be saifl to complete 
this magnificent itructure, came off on Thursday morning, tlie 25th ult., at 
9 o'clock, with Buccetf. 

The interest that hat throughout been associated with these great engineer- 
lag performances was probably heightened on the present occasion from the 
fact of its being the last great laanching operation of the kind Likely to occur 
in this country, and accordingly, the concourse of people present from all 
parti was estimated to be not far short of the thousands who thronged the 
Straits on the occasion of floating the first tube. 

At the above hour Mr. Stephenson, M.P., Captain Claxton, Mr. Edwin 
Clarke, Mr. Bidder, Mr. C.H. Wild, Mr. Ricardo, M.P., Mr. Lee, C.E., Mr. 
Borthwick, C.E, and others, took their stations on the top of the tube, which, 
amid the cheers of the multitude, gradually, as the tide came up, ruse upon 
its cradle of pontoons. The men at the mooring-cbains an>l capstans then, 
in obedience to the Tarious signalings and coloured flags, plied away at their 
posts, until at three minutes past 9, the huge mass, when released from its 
moorings, moved out into mid-strekm, where under the control of the vast and 
intricate tackle, it made its way for full 40 minutes, until in the space of 
another ten, and after various nice evolutions, it came home and was safely 
deposited, amid artillery and cheers, on the projecting plinths of the towers. 
The tide taken at starting was 12 ft. 8 in., and it gradually rose until it reached 
a masironm of 17ft. The total distance travelled over from the starting point 
on the Carnarvonshire coast to the base of the towers was upwards of 300 
yards. At about four minutes past 10, just as the operation was completed, 
the tide turned and it was high water at 32 m. past 10. The length of the 
tube floated was 470 feet; its weight, 1690 tons; the number of pontoons, 8; 
their aggregate burden, 2750 tons; the number of men engaged in the floating, 
685. During the operation, the spectators were permitted to stand upon the 
top of the tube already in use, and which was covered with them from one 
end to the other. The completion of the bridge will cause the Chester and 
Holyhead Company to dispense with nearly 1000 worktuen, ^ho since 
the commencement of the works, with their wives and families, have been 
in constant occupation. The hydraulic presses are on tlie towers and will 
commence lifting almost immediately. The tube that has been in daily use 
dace the 18th of March last, has presented to the most careful observation 
no change or alteration up to this time. The deflection found to be caused by 
the passage of ordinary trains daily is two-tenths of an inch, and some 
extreme heavy coal trains have deflected it as much as half*an-inch. The 
eflfect of joining the several tubes together, and lowering the opposi*e end, 
has been to raise them four inches, so that the most heavy trains do not 
coQotcract more than one-eighth of the advantage that was gained by this 
process. 

Ao early day in November next is officially announced by the engineers 
aa the period for the consolidation and complete public opening of the bridge. 



N0TS8 or 



MONTH. 



EzHXBrnoM BuiLDiNo.^Another estimate has been sent, by another 
party, to the Royal Commission for the Exhibition of 1851, offering to con- 
atract a building similar in dimensions to that of Mr. Paxton, but in iron, in 
place of glass, for the sum of 40,000/., the material to be returned to the 
contractor. If this offer be accepted, there will remain out of the 64,000/. 
subscribed a balance in band of 24,000/. for other eipenses of the Exhibi- 
tion. Whereas, the estimate of the glass building being 85,000/., will leave 
a deficiency of 21,000/.; and if to that sum we add 24.000/. for other ex- 
penses, it will make in all a deficiency of 45,000/. Moreover, the ribk will 
be avoided of the calico, intended to cover the glass building, being fired 
with squibs or crackers, or by some accidental sparks from the neighbouring 
chimneys, which, in all probability, would soon break the glass and fire the 
goods within, — and tbos terminate the Exhibition with as much confusion as 
it baa begun. 

A model of London has been made for the Exhibition of 1851, on a 
leale of eight inches to the mile, and containing in all ninety*Bix square 
ftti. We understand that it exhibits the exact situation of all the public 
buildings, churches, bridges, railways, &cr., with the Thames from Batter- 
icm to Rotheriiitbe, and shows the different elevations uf the streets. 



Death or Robk«t SrtTBNiosr, Eao.* C.E.^It is with extreme regret we 
have to announce the death of Mr. Stevenson, the civil engineer, an event 
which took place on Friday, the 13th inst. Mr Robert Stevenson, bad reached 
the advanced age of 78. The ooatemporary of Telford, Rennie and Stephen- 
son (of England), needs no biography beyond an ennmeration of his works. 
Mr Stevenson, it will be remembered, was the sole designer and executor of 
the celebrated Bell Rock Lighthouse, which is in itself a monument of inge- 
nuity and industry. Sir Walter Scott, in his diary, mentions Mr. Stevenson 
in terms of admiration, and his impromptu in the album of the Bell Rook 
Lighthouse is well known. Mr. Stevenson first brought into notice the 
superiority of malleable iron rails for railways over the old cast.iron,afact which 
has been fully acknowledged. He also surveyed the line between Edinburgh and 
Glasgow, and though his plan waa not adopted, it was much admired. The 
coast of Scotland, however, is the place where the labours of Mr. Stevenson 
are principally to be seen. Not a harbour, rock, nor island, but bears evi- 
dence of his indefatigable industry, and it is incalculable to tbink of the amount 
of life and property which by bis exertions, have been saved. In matters re- 
lating to the construction of harbours, docks, or breakwater, he waa generally 
consulted as an authority; and received, as a mark of respect and admiration, 
a gold medal from the late King of the Netherlands. We may mention 
that in private life nothing could excel the amiability and good heartednesa 
of Mr. Stevenson, ilis courtesy on all occasions was such as to render him 
popular with all who desired access to his presence. — Seotiiih Railway 
Gazette, 

The Gbsat Bull tbom Nineveh.— The lovers of art will be pleased to 
hear that the Great Bull and upwards of 100 tons of sculpture, excavated by 
our enterprising countryman. Dr. Layard, are now on their way to England, 
and may be expected in the course of September. In addition to the Elgin, 
Phigalian, Lycian, and Boodroom marbles, our museum will soon be enriched 
with a magnificent series of Assyrian sculptures. It is said at Nineveh that 
the French Government are determined to excel us in the exhibition of Assyrian 
works of art in order to compensate the comparative deficiency which the 
Louvre is obliged to acknowledge as to the treasures it possesses in the other 
great catalogues, and that large sums have been accordingly voted for the 
expenses of excavation. A drawing which represents the shipping of the 
sculpture has been just brought over by one of the Messrs. Lynch, of Bagdad, 
who has been with Dr. Layard exploring the remains of Nineveh. It repre- 
sents the action of placing the great Bull on board the Apprentice, at Morghill, 
on the right bank of the Euphrates, about three miles above the old city of 
Bussorah. This place long formed the country residence of Colonel Taylor, 
lately the political agent of this country at Bagdad and Bussorah, and is now 
rented by Messrs. Stephen Lynch and Co., to the Hon. East India Company, 
as a depot for their vessels on the Euphrates. Alongside the Apprentice is the 
Nicotris steamer, under the command of Captain Jones, LN., whose infiuence 
with the natives is most powerful, and to whose assistance the success in 
effecting the difficult operation on the muddy and deserted banks of the 
Euphrates is in a great measure attributable. The Apprentice was sent out 
from this country by Mr. Aidv^rman Finnis, at the instance of the trusteea 
of the British Museum, and to that gentleman and bis nephews, Messrs. 
L> nch, the public are indebted for a periodical communication between the 
Thames and the Euphrates. Another vessel belonging to the alderman is, 
we understand, about leaving London, and it is hoped that she may in like 
manner return home laden with the monuments and trophies of what we had 
been too apt to regard as the semi-fabulous metropolis of the ancient 
world. 

Isthmus or Panama. — The news from the Isthmus is unfavourable to 
the early construction of the railroad between Chagres and Panama. Im- 
pediments had occurred which were never contemplated, and, if the work 
is not entirely abandoned — as it is supposed it roust be — it will at all events 
be many years before it can be completed, at a cost, too, compared with 
which, the original estimates are trifiing. Such is the publicly avowed 
opinion of those who are best informed on the sul^ect. Important modifi- 
cations of the contract had been obtained from the Congress of New 
Grenada, among which is the conclusive privilege of constructing a plank or 
wagon road for temporary purposes. The immediate opening, however, of 
the less fatiguing, less distant, and perfectly salubrious route throug Nicara- 
gua by the Atlantic and Pacific Ship Canal Company, will undoubtedly do 
away with the necessity even of this substitue for a railroad, by monopolis- 
i ng, as it must do, tue whole traffic of the Isthmus. 

Gas. — There are now in England and Wales 560 proprietary gas-works, 
and in Ireland and Scotland 170. Besides these there are thirty-three 
which belong to private individuals, and twelve the property of municipal 
bodies or parish officers : in all, 775 distinct establishments for the manu- 
facture and sale of gas. In these works a capital of 10,500,000 is said to be 
invested. The quantity of gas annually produced is about 9000,000,000 
cubic feet, and the coal consumed in making it weighs 1,125,000 tons. The 
number of persons employed in its production is about 20,000 ; and pro- 
bably an equal number finds employment in the preparatory work in the 
mines, ironworks and other processes connected with it. After allowing for 
waste and leakage, the quantity of gas actually sold to the public, in the 
year, is about 7200,000.000 feet, producing a light equal to what would be 
given out by 32,133,640 gallons of sperm oil ; which at eight shillings a 
gallon would cost the consumers 13,253,456^ The gas itself is charged by 
the companies about 1,620,0004 
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Write Paimt, — The French chymiiti hive diicoTered i proceti by which 
A while pAint ii obtiined from zinc, of a character emtneotty fitted for every 
purpoie for which white lead ha» bitherlo been ipplied. It would appear 
that doriiig the mantificlure of Ihe zinc, a streaiD of atmoipheric air ii con- 
atantly made todisAemiBate itself throughout the preparation; and by thii 
iimpfe procew the many ohjectionable characteriitici of the zinc paint, in 
genera!, are eflectualty remoted. The French government have awarded 
high hononn to the diiCoverer«, and have extended the more solid advan- 
tages of direct encouragement to the patent — the poiaonoas white lead hav- 
ing been denounced in all the public worki, and tlie white zinc paint under 
notice generally adopted ; nor bai this been done without those necetaary 
teatt of excellence which should always mark a cour«e which ii intended at 
a general example. This paint is perfectly innocent, both to Ihe arttzan and 
to those inhabiting placet covered by it. For iron it proves an immediate 
preservative, enti^rinjt at once into the pores of the metal and producing an 
amilgam. Tlie gentlemen deputed to ^ive it the moat extended pubHcity in 
thit cunntry are the Messri. llu'djUL-ks opposite the London Dncks, who 
have already made arrangements for its manufacture and economical distri- 
bution. It may be addt>d that its applicarion has a decided saniiary effrct, 
and di'iLinfects every aubitance upon which it is laid. 

pROTBCTioN OF Ibon FROM OxiOATioN. — The foHowing report "On the 
Method employed by M. Paris, for Protecting Iron from Ozidatioti/Mia« hren 
pretentfd by M. £belmen to the French Society of Arts: — Various means 
have hitherto been employed for the purpose of protecting iron from the 
ifettructive action of air and moisture; up to the present tlme« the applica- 
tion of a thin layer of another metal to the surface of the iron has been the 
haai& of all theie methods of presentation i and tin, lead, and zinc, have all 
been employed for this purpose. Iron can be preserved from oxidation and 
destruction by covering its surface with a vitreous substance, and it tt this 
proceaa which M. Paris has adopted in the preparation of the vanous objects 
aubmilted to the notice of the Society; these objects consist of various 
utensils employed in domestic economy — iron pipes, Ghemical apparatus, 
sheet iron for iroofing, &c. Your committee of chemical arts have examined 
these ipecimens* with a view to ascertain whether the iron prepared by the 
process of M. Paris prcsentt those conditions of solidity^ strength^ and dura- 
hilily annmmcud by Ihe author of the discovery. The composition which 
M. Paris applies to the iron is a real transparent glass, which allows the 
colour of the metiil to he seen through it. The composition is spread with 
regularity, and leaves no portion of the metal uncovcred^ — a very itoportant 
circumstance. It does not peel off or crack when exposed to th'* direct 
action of the fire. Three tinifs have we heated to rednesa the bottom of a 
prepart^d iron capsule, until the composition hat become quite aoft. and then 
ptunged 11 into cold water; it was only in the third experiment thut aonoc 
imall portions of the glaze, were detached frnm the metal in small scales. 
fio fissure or crack was produced during ihi:i trial. Hot and concentrated 
acids Kcarcely have the slightest action on this unoxidisible iron. Such, 
however, is not the case with alkaline liquors. We boiled for ahont two 
hour* a weak solution of a potash in one of the prepared capsule*; the re- 
sulting liquiir contained iilcx and boracic acid in appreciable quantines. We 
are of npinion that the unoxidisible iron of M. Paris'offers the condiijons of 
resistance and inalterability annnu need by the inventnr; consequently* this 
new product appears to ui susceptible of several very advantageous applica- 
lions. 

Ivory EKORAViNs.-^The process used to cover ivory with ornaments and 
designs in block, consiits in engraving in the ivory itself, and then filling in 
the designs with a black bard varnt»h. To obtain finer and mure regular 
rictigns, the ivory is to be covered with the common ground, and by means 
of the point the designs are engraved upon it. They are then eaten in by 
a Bohition formed as follows: — Fine silver, 6 parts j nitric acid, 30 parts ; dis- 
tilled vtater, 125 parts (by weight). At the end of a half-hour, according to the 
depth to be given, it is to be washed with distilled water, and dried with 
bibulous paper. The design is then exposed for an hour to the solar light, 
and thc'Iaycr of wax is removed by essence of turpentine. The design has 
then a black colour or a dark brown, which blackens entirely at the end of 
one or two days. Other colours may be produced, by repl icing the trilulion 
of nitrate of silver by a solution of gold or platioit in «qu4 rcgia, or of 
copper in nitric add. 



I^IBT OF NS^Vir PATENTS 

eAANTBD IN ENGLAND t&OH JPNK 20, TO JULY 25, 1850, 

Six Months aliowed/or Enrolment ^ unteat ofhet'witt expreawd. 

Wlllfnm etsunderf . ot the Arm of Bandell and Saunder«, of Balh, Soraersat, slone 
ai«rc:hunt«f for Iraprarement* tntawini^ and tawing machlnrry.— June (0, 

Joliii Hunt, of Siraiford, Bisex, engineer, for luiprOTemcnif in formtQiE and moulding 
plasifc suUtancff, tnd ihe madiinery and tppAntu* emf4uy*.'d tll«^tir^^Ju(]4l m. 

RoIktl Amlrew Uacae, of LlverpooU Biiifir rennet, for iinpror«mt;nti» In manufac- 
titrlnfc, reliiiing, and vrrpaHug lu^jiir, ftlio luiprov^mruU \a m«iOUfai,turing and treaiing 
animal Lharcoal— Jun« 24. 

Rmry Stephen*, of Suniford itrertt BUekfrlAra-road, writing fluid manufacturer, and 
Edtry'^' Wyld*T, t>f Paildlnt^loa. MiJdle!iex, mn ntnitt, far /erudu imprQwmeiUt In evrr- 
pointifd penilljit pcna, and fi»nfho)(ivr!i.<-Juoe 24. 

Willlan) Laird, of Liverpool, mrrcttant. for jtnprovementi {n Hfp botta, and In »pp«- 
raliia for filisriny 4Qd pitrifylnf iVAtcr. (A communkaLltfuO - Ju'ie 24« 



JoibnaVtckfraiao Oinna, of UKrIrwood, near TTuddtnficld. Tttrk, (iiee*»ai»le, f«»r im* 

prov«m«nia ku pt^elng: wool carding*, and in a >Ti(»chlnec«l4rd a plrcliii.RM(.'hkMr— JaoaM, 

l!^dward MUebad, of Gre^L iiluttou-ilrret, Clerkcnw^ll, ^ntlFcnaa, lor (m|«iwcai«aLa la 

faitcninga for articles uteri for wHliog and dr«>«1ug and oiber purppaav, mnd Imp t wt^ ^ 

ments In «rticlea to bt utvd for wrttlniir and drawiu;.— June 24« 

John Percy, of It I rm Ingham, doctor of medicine, and Henry Wli^^in, of the Mnt 
place, maoiifaciurrr, tor a ql'w metallic alloy, or new roc^talllc alloya.^ — June ^4. 

Ttiamaa Fulljatnea, af Old Iieiii-ri>ad, geailemao, or ceri^n tmprotrmt-nla ia ma. 
chlnipry or Apparatus for ntlaluf, lowering, and mor\af welf hla or other heavy bodtoa.— 
June 26. 

Jamet Fonler, of Llrerpool, mercbant, for ixnproveoienta In fiiterla; wae«r ood oilier 
llquidi. — Jvine 27. 
Joaei^h Frtat, of Spilml-iquart, MIddteieK, f>iT Improirraieiita In tioHrn.— June 27, 
WUliam Lancaitrr, of Neir Boad-icrr«t, MlJiiietei, Kunm«ker, fbr jin|ir«teu«aSt la 
the manuracture of fire anni and canouu, uiid of iiercuiaion tubes. — Joty 3. 

John Coope Haddi.m, ot Blixjmflburyaq^iar^t Middlesex, civil enfincer, t^r tniprvre> 
tneiita in the co4j«truciion of carnaRei and tif wherU, and In lirlclfi#««rk,--Ju(y $. 

Francla F^dviraril Cole^ravi?, of Hngbtou, Eaq.. for ImpruvCineDU Ln the vulirea iifitaam 
and other rnginea in cauilnii: the driving whrela of locooiotlre englnri to bile the lallSi 
and alio In aupplylni; water to ateam boil era.— July lU 

Charles Phiihpa, or Hrlitol. englm^er, for im pro v amenta In apparatus or mocblnary Ibr 
cuuirij$ turnl|it i»tid uiher slmiilur anbuUnt'ea aa rood for cattle. ^Juty $, 

Ri<.-hord Hormiby, of Spittle^tiie GiurtthatQ. LIncola, Ofricurtumi implement maoii- 
facturcr^ Tor Impruvemcnta In nucbinery for aowing enro aud ae<-d». and In clcrp«>ai|»ag^ 
manure in thrashing macbliQca, in n>iicUiini;» lor depositing or w1iUDOwii>|{ cum, anct tu 
ateam enfr^na* and boilers for agrlculturial pufposea — Juiy 3* 

James Thooiaon, of Glasgow, civil «fi]gjii#er, ivr Imprurementt In bydranllc mftctilnery, 
and In stram eufftues. — July^. 

Richard Wkuttr, al New Crosa, Kent, gentleman, far improvementa Ln metollie rrsMla 
for meaauring anil holding l^uid '.—July ,i« 

James Wuri Koby, of Hlackheaih. engineer, fjr rertalo JmproTemefita In tbe 
Hon of parts of Ihe permanent wiiy of milwaya, and lu shaping Iron. —July .'t. 

P*ul KAp^y HodKC civU and mechanical eoifineer, of Adam'Sireei, 
provements In certain denrrlptSotii of steam -engines, and In the appar.i 
uient for cultiratlrti; aud juajiuring the mjW, and io treatlog the produce u 
iBuiik'«tlan»)— July 3, 

Waketieid Ptm, uf Klngttan npnn-flulL engine and boiler maker, for cerUiii Improvs- 
iDenta in the construction of the boilsra and funnels nf ateam-eaftaes.—July J. 

Charlfs Starr, of New York, Unked States of America, for improrenjeot* la bookbliid- 
Ing.— July .1. 

James Klngsfurd, of Essex street, Strand, Esq., for ImpmaTcmenta in refrtgeratlog aid 
freeitng.— July 8 

Weston Tuxftjrd, of Boston, Lincoln, for improvemeats In machinery for cruahiof or 
pressing land, arid for shaking straw ^ also luiproremcDts in appljdnff ttram.power Is 
agrieuUnral machinery.— July 4. 

Henry Pratt, of New Bond.atreet, Mlddloiev, asnip equipage manafociurer, for ia- 
provements In the coustructlun of portmanteaus itod ua*eiling trunks.— July 9. 

Alfred Vincent Newton, of Chnncery-lane, Mfddleaex, mechanical draughuman. fur 
improrementa In the preparation and manufacture of cAuatchouc or Iniilarubbcrir^ 
July 9. 

Hobert Rumney Crawrorrl, of Warden Psp«r Mil), NorthumberlAnd, paper maker » lor 
tn improveraient in drying paper.— July 10* 

Jacob Connop, of Hydc-.psrk, Mldcfla^ei, genilernan. for Improve men to In melting, 
moulding, and casiinii s^uid, earthy and argillaceous snbstancea, for paving, liuilnJcig, oiul 
rurioua other t^sefui (lur pose*,— July H>- 

James Uhl, of liitalybildge, Cheiter, cotton spinner, for Impro'rements In or appricaMt 
to certain muclUnva for |jreparlng cotton, wool, And oiber fibrous subaUuect for aplatdiiv 
and doubllnir — July 15. 

Teaipeti Huoth, of Ardwick, Lancaster, fun manufacturer, for certain Improv'raiCfits 
In the method of aud aptiiifatus ior otitaltiing and applying motive power.— -July l^< 

Edwani N. iamitii. cif Weil Bruoklield. SI u •sac h use (la, lu the Uidted SUte* of Morth 
America, for a machine to fohl pnper. — July 17. 

Edward Johu lJi-»i^ of ihr Strand, Middlesex, chronometer-mAkcr. for Improremtuts 
tn conipAJsrJi for n.iivii<;aUou, surTvytnu, and shnSlar purposes.— July 17, 

WtUlara Herheri Ci<i>tsAKi', ot Siolie Prior, Wurcrttrr, chernlst, for improrrdienla is 
obtatn^ing certain niedls trum noma compound* containing such metaJs. anrl ttt uUlalD* 
Jng other protl tclt by lUi' use of certain comptmtids conulitliig metals.— July 17, 

Jean Jules Varilliil, cjf Huu^n, France, munufaclnHog chrmist, fur Improvernenls Id 
the ritractiun and preparation of colouring, tanntoic. and laccharlne oiattera from vartuaS 
vegetable fuhsrancrs. uii'l in the apparatus to be employed ibereliii. Jiuiy 17- 

John htvWiUv, o( Up|i«r Hnrley-sireet, Sliddlesti^, Ksq,, for certain I in provements to 
theconslJruclloo of jraiiw.iy»aud locnmotlTe engine* anl csrriaget. — July 17. 

Hrnrlettft Drotvn, of Lon^.Lune, Bermondsey, widow and executrix of the lato Saui^rl 
Brown, for lmprx)vernenLs in the manufacikur of melaillc caaks aud ve*«ela. {A comibo- 
nhAilun.)— July I". 

John .SlJee^ler, of West Bromwith, StaRbrd, whlteaviith, for Improvements In straitgU' 
eidng, isttenJng, «.eHlBg, and siiaptiif^ hardened st^el.— July 17. 

Eieklel l-dmunda Ihe yukiiigvr, of Bradford, Wilfihke, cloth marTufacturer. for IB- 
prorementi la the maniirac-ture of certAio deicHptlons of wntiilru f'^tirk-s.^Jitiy 17 

Henry Bessemer, of B>txierhause. Old 8t. Psncras roB<l, Middlesex, for certain lin* 
prarements In ^gurlng and uruamvnting aiirfacea, and lu tbe biocks, plai4». rollefs^ 
implemeniB, and m&chmery smplnyetl therein.— July '22, 

James Bradlord, of Torquay, l>evun«hire, jiewelier, for improremeuti In locks and 
other fastenings.— July 22, 

Thumus Wills, of Iluw, HlddleteSi engineer, for fhaproremeoli In sfetaDi'SOflAet tad 
in pumps.- July 2i?. 

Joseph Paxton, of Chataworlh, Derby, gentleman^fur eertalD Improsvmeala In roofs^— 
July r,'. 

Leonard Bower, of Birmingham, Warwick, manufacturer, and Thomas Fortune, of 
Harborne, j^taffbrd, mechanic, for certain improved machinery for uiauufacturiug acrewf* 
bolts, rivets, and nails.— July 2ii. 

William Beelson. of llrlck-iitne, St. Lake's. BfIddlei«X| brus-founder, for ltBpror»> 
oientt in water-closets, pumps, and cocks.— July '23, 

William Edward Newton, oi Chancery.lAne, Middlesex, civil enflneer, for Itaprovv* 
menti In obtaining, preparing, and applying rinc and otber volatile metalt. and Io (IM 
nvidei tberet^f, and in the application of inc, or ores containing the ipme, Io the prepanM- 
tlon or manufiirMre of certain meluls or alloys of metals. (A eommunicatlon^j— July 35. 
Georee llmeldine, of Liint^itreet, Sourhwark, Surrey^ caTtage-'liUllder. for Imp'rovi* 
mentt In the couatructlon of wagons, carts, and vans— July 'i-'i, 

Heury Cuustanilne Jennlnfics, of Great Tower^ttrret, Louden, practical chemist, for 
Improvements In rt^nderlng canvas, and other fabric* nnd leuther, watrrproof.- Jul)f S3. 

William PTdwnrd Mewluo, of I'haocery lane, Mlddleaei:, civU euglnrer, fbr lmpft»9#^ 
ments tn machinery for cutting flies, f A comfnnnicaUon.j— July 2a, 
George l>urihAr, Ksq,,of Paris, for lm>iruvement« In suspending carriages.— July SS. 
Langston t^cutt, of Muof gate- street, London, wine merchant, for Ini provements In a 
mode or modss of prepailng certain matters or suhstaoces to be used as phrmenlSf^ 
July 24. 

t'bnrles William Bell, of Mnnchester, Lar^cnater, for ImprovemenU in atppMilal 
canne&led with water closeu, drains, and cesapools, and gos atid alrtraps< — JcUy 35. 
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^ OK CONDENSING STEAM ENGINES, 

V ( Wiih Engravingn, Pkte X.) 

^B On ihe OmfJenxation of Steom in the Engine* of the South Stfijff)rd' 
^^Ukire Iron District ^ atut thti Impr^nH^rnvntit to f>e effort f*ft in them. By 
^^i%'tt.i4A>r SjiiTB, of Du<I ley*— (Read at the Institution of Me- 
chanical Engineers.) 

Tbb object of the present paper with the accomipanyin^ series 
of Iiidicatur Dia^rams^ which Iihvc been taken Irtmi the several 

■engines by the author <if the paper, is in show the present working 
^nditiuo of forty-eight of the lari^est cla^s of mill, h\t^e^ and 
jblast engines in South Stalfurdshire^ with some remarks a8 to the 
practicability of improving them. 

The generiil character of the Iiidipator Diagrams of the majority 
ef these engines, showu a considerable presr-ure of ^team, con- 
tinued nearly uniform throughout the whole stroke of the pist<in, 
^and averaging about I'i lb. per square inrh above the atmosphere 
"in the forge and millengines, and about 7 lb. per square inch in the 
Iblast engines; with a very defective vacuum, iMnnniencing about 
|the atmospheric line, and reaching only from 7 lb. to 11 lb. per 
iquare inch below the atmosphere at the end of the stroke, the 
ivernge vacuum being about 6^ lb, per squnre inch below the 
!ioj»phere throughout the stroke. Some of the Indicator Dia- 
na from blaot engines show a considerable eicpansiive action, 
t not a good vacuum. 
Fig. 3, Plate X. shows the Indicator Diagram from a mill 
engine of -i^-inch cylinder and 7 feet stroke, making 17 stroke!* 
per minute, which was working very imperfectly tn the coudeusa- 
iion of the ssteam, and haa been improved to a remarkable extent, 

■ by an alteration made for the purpose of improving the vacuum, 
twhich ha« effected a very consiiderable saving in the consuniption 
of fuel. This engine was working with 12,J lb. pre*>sure of steam 
at the beginning of the stroke, contiuued to I 7.^ lb, pressiure at 
the middle, ami reduced to 6 lb, per inch at the end of the stroke, 
hy wire-drawing the steam without any cut-off expansion-valve; 

■ the average nresiiure being 16*37 lb. per square inch throughout 
the stroke; the a\'erage vacuum was only 2*7^ lb. per square inch 
below the atmosphere, beginning a little above tlie atmri^pheric 
line, and reaching only >5 lb. below the atmosphere at the end of 
the stroke. This performance being so had it was considered ne- 

I<cej«aMry to examine the engine, and the cause was found to be fmm 
(the valves, thoroughfares, and condenser, being much too small 
/or the proper proportion, the steam and eduction valves being 
©nly 7 inches diameter, and the thoroughfares of the same size; 
the^ were therefore removed ami replaced by others, the steam 
valves being 10 inches diameter, and the eduction valves and 
thoroughfares 12 inches diameter, or three times the area of the 
original one^. The ctuidenser was also nearly doubleit in capacity 
by attaching a large vessel on the top of it, which made it rather 
larger thaji the regular pnfportion; the air-pump was only ^4 

• inches diameter, with half the stroke of the steam piston, or 
about one-fifth less contents than the regular propt^rtion U^r the 
nize of the cylinder; this was nut altered, but there was an abund- 
ant supply of cold water for injection. 

The result of the above alteration is shown bv the dotted lines 
12 A, fig, 3, the steam pressure being 8 lb, at the beginning, and 
reduced to about the atmosphere at the end of the stroke, the 
average being 5*40 lb, instead of l(i"'17 lb. per square inch pressure 
throughout the stroke; the vacuum commenced at KXJlh, and 
ended at 11 lb., the average being 10'l.ilh, instead of 2*7'^ lb. 
square inch below the atmosphere throughout the stroke. 
improvement in the vacuum amounts therefore to a constant 
average pressure of 7' 13 lb, per square inch throughout the stroke; 

■ the total power of the engine as shown by the first diagram, was 
19'09lb. per inch on the piston throygh<mt the stroke, being I9t) 
borse^power, consequently this improvement of the vacuum 
' amounted to 39 per cent, of the total power of the engine or 74 
horse-power, 

The mode of effecting the above alterations (No. 12 Engine) is 
abown in figa. 1 and 2, Plate X. Fig. 1 shows the engine beftire 
the alteration, the steam valves S, the edui'tion valves E, and the 
thoroughfares T being only 7 inches diameter. Fig. 2 shows the 
engine after the alteration, the steam valves S are increased to 
10 inches diameter, and the eduction valves E and thorough- 
fares T are 12 inches diameter; the new valves being so much 
larger than the old ones, a different arrangement was required to 
malce room for them, the spindle of the lower steam valve being 
carried up the side pipe, as shown in fig, 2, and the opjier educ- 
tion valve placed over the other side pipe, so that three of the 
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valve spindles are worked at the upper steam chest, and one only 
at the lower. The addition made to the condenser is shown at C, 
fig. 2, which was a circular vessel constructed of boiler plate^ 3 
feet 6 inches diameter, and 15 inches high, tixed on the top of the 
condenser. A further improvement was also made in the con- 
denser, by cleaning out the deposit of Mme, and adding an internal 
injection pipe and rose P; there was no internal injection pipe pre- 
viously, but simply a hole in the side of the condenser, where the 
injection-cock A was fixed on, as shown in fig, 1, and consequently 
the injection water was much less efficient in condensing the 
steam, being poured into the condenser in a single stream instead 
of being scattered in a number of small jets from the rose end of 
the pipe. 

The majority of engines in this district are similar in this 
respect, and the reason that has been given is, that the rose is 
apt to get the holes choked up by deposit from the water, which 
is very much impregnated with lime. This is a matter requiring 
particular attention in this district, and cases have come under 
the writer 8 observation, where condensers were filled up by the 
deposit in the course of two or three years' time, to such an extent, 
that the capacity was reduced fully one half, as well as the passage 
through the foot valve; it is a very hard calcareous deposit 
which adheres firmly to the cast-iron, and requires considerable 
labour to cut it out, involving a serious stoppage of the engines, 
and they were consequently worked as long as possible before 
taking off the condenser cover to cut out the deposit, which 
increased to 7 inches thickness, and as nmch as half a ton weight 
in one engine. Besides the very important saving effected by the 
greater power obtained from tlie steam^ in consequence of the im- 
provement of 39 per rent, in the vacuum, as described above, the 
eJigine has been found to do the work more regularly and satis- 
factorily since the alteration, than before; it was liable to be 
pulled up by any extra strain of the rolls, &c., whenever the pis- 
ton was getting in want of repacking, the leakage of steam 
injuring the vacuum on account of the very deficient condensing 
power; but that has not occurred since the alteration was made. 
The engine drives a merchant mill of 3 pair of rolls, a guide 
mill of 3 pair, 2 pair f*f forge roll^, a forge hammer, 2 shears, 
and a pump for draining the foundations. It wtis not stopped 
longer tlian three days to make the whole of the alterations 
described above. 

Another similar engine of the same size as the ^ireceding, 
was also examined, in consequence of the imperfection in its 
condensing, and the valves and thoroughfares were found to be 
It) inches diameter, but the valves had not sufficient lift, the 
eduction pipe to the condenser was § inches diameter, and the 
condenser was 2 feet 4 inches diameter, and I feet 6 inches high; 
the eduction pipe was then removed and renlaced with one 12 
inches diameter, also a large vessel was fixeo on the top of the 
condenser, which increased its capacity about one-third. The 
lift of the valves was then increased from 1^ inch to 2'^ inches, 
and the result of the alteration was an improvement in the vacuum 
of from r50lb. to 7*97 ib. per square inch below the atmosphere, 
or 6"47lb, per square inch increase of average pressure through- 
out the stroke. 

The saving of fuel from these alterations has not been well 
ascertained, as the engines in both cases are worked from a 
series of boilers which also supply steam U» other engines upon 
which the load is very unequal, but the saving is admitted to be 
very courfiderable, and in the case of No. 17, the proprietors have 
been enabled to use an inferior description of smck, and also to 
throw oflT one boiler, with a fire grate about 7 feet square, and 45 
si)uare yards of heated surface, without any diminution in the 
power employed. 

The aggregate power of the 45 mill, forge, and blast engines 
from which the Indicator Diagrams are taken, is nominally 3240 
horse-power, according to Bonlton and Watt's proportions of the 
cylinders, hot by the calculation of the Indicator Diagrams, the 
total is 7819-horse power; the average vacuum obtained in the 
present working of all the engines is about 6 lb. per inch below 
the atmosphere throughout the stroke, omitting from the average 
four, whicli are exceptions to the general run of thpse engines; 
aod the average vacuum obtained in the six expansive engines, of 
which Indicator Diagrams are also given, is lo|lb. per inch he- 
low the atmoi^phere throughout the stroke. The loss of power 
from the imperfect vacuum in the former engines may therefore 
be taken at the difference between these pressures, or 4.Jlk per 
square inch prea^ure throughout the stroke, which amounts to 
1930 indicated horse-power upon these engines; or in other 
words, ail additional power of 1930 horse-power, or 25 per cent. 
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ID creased power mi^ht be obtained from tlie Bnme expenditure 
of steam, nod can^etjnently of fuel, if the vacuum were improved 
so Ad to be as good as the average of the six expansive en^fiRes, 
or 10^ lb. per innh throughout the stroke. This viicuum has been 
obtained in the two enp'-ines, No». 12 and 17, which have been 
altered as before described, althoufi^h in these engines the altera- 
tton was carried nut only to a limited extent, and at a cnmpara* 
tively trifling expenae; but if it were rnrried out effioientiv by 
attacUing expansive pear in addition to the alterations that nave 
been made, a much better effect would be obtained by using the 
Karae volume of steam expansively. 

tn many cases the expansive action is accomplished by the addi- 
tion of a separate expaDMion valve in the ^tenm pipe, which is 
worked by a cam, so as to cut off the steam at any portion of the 
iitroke that may be desired, this valve opening and »huttin^ twice 
for each double stroke of the engine; the eteam and eduction 
valves are worked by a common eccentric motion, the top and 
bottom valve* opening and shutting together. But this is nn 
imperfect mode cif obtaining expansion, because the eteam fillirig 
the side pipe and the two tsteam chests expands* ^fter the cut-off 
valve is shot, and this steam forms a considerable proportion to 
the contents* of the cylinder* 

The only efficient mode of applying expansive action, is by 
lifting each valve by a separate cam, so adjusted nm to «hut each 
iiteam valve at whatever point of the stroke may be desired, whilst 
the edoctiun valve is held open till tlie tenninjitiou of the stroke; 
hv which means the full effect of the expansive action is obtained. 
'I he difference in effect between these two modes of cutting off 
the steam, is shown by the Diagrams Nus. it» and 47, Plate X., 
wbicb are taken from a pair of blast enpnes workin(T coupled 
together, and with no difference between them except that in No, 
46 the steam is cut off by a separate expansion i^alve in the steam 
pipe, and in No. 47 the valves are lifted by separate cams. 

But independent of the loss sustained by not working expan^^ 
sively, the loss of power in the engines described being 193a 
borse-power, as shown Ijefore, the annual loss in money by extra 
consumption of fuel in these engines, calculating 20 lb. of slack 
per hour, for one-horse power, at a cost of 3*. per ton, will amount 
to 18,610/., or 2/. 7jv. Trf. per horse-power per annum. 

The total power of the steam engines employed in the manufac- 
ture of iron in the district, may he computed to be fully ten times 
the nominal power above named; and the total anuual loss to the 
proprietor from the causes described in the present paper, may l>e 
tberefore taken in round numbers at 180,00-0/. per annum, iis the 
more expansive engines described above may be considered a fair 
average of the engines in the district. 

it has been generally connidered hitherto, that the improvement 
of expansive action of steam was not applicable advantageously to 
the engines of this district, because of the small cost of the fuel 
employed; but this will be seen to be an erroneous conclusion from 
the actual results of the alterations described above, where the 
Improvement was only effected in the vacuum, and the expansive 
principle was not carried out, which would have effected a stil! 
greater saving. The totid quantity of fuel consumed at present is 
so large, that although the price per ton in itiKignificant, the total 
amount of saving effected by the per centage on the whole is very 
important. 

In addition to the saving in cost of fuel consumed, a very im- 
portant saving would also be effected in the tear and wear of the 
iKJllerp, which is fully in proportion to the extra ftxel burnt under 
them, and the repairing of wliich is invariably attended with 
serious inconvenience and expense, 

TIjo description of boiler** in general use in the district, and the 
further saving to be effected by improvements in their construction 
and made of setting, is aluo an important prnctieal subject for con- 
sideration, and is intended to form the subject of amither paper, 
to be laid before the Institution at a future meeting. 

Memarkt, — Mn i\^CoNNELL8aid,he believed the writer was ciuit© 
within bounds when he estimated the saving in fuel which might 
be effected in that district alone, at 180,000/. per annum; nor was 
the subject of importance in that light merely, Wcuuse it was found 
to prevail as a general rule, that the amount of destruction in ma- 
chinery and boilers was nearly in proportion to the quHutity of fuel 
consumed. He had remarked at a former meeting on the practical 
importance of obtaining comparative accounts as complete as po«t- 
bihle of the consumption of fuel, and economy of working of the 
steam-engines in the different districts of the country, and he 
thought that all information of that kind was of great practical 
viilue. 



Mr. Bowman inquired whether, in most of the engines mentioned, 
the proportions of Boulton and W^att were observed in the con« 
denser? 

Mr. W, Smttii replied, that speaking generally he believed that 
was the case, hut the bad working of the engines was accounted 
for by the extraordinary piessure of the steam useiL The error 
was, tlmt engines intended and proportioned for 3 lb, steam were 
worked up to 12 Ih. or 16 Jb. per inch throughout the stroke, and 
consequently, they were ver\^ imperfect in their condensing; as 
there was so much larger quantity of steam to be condensed at each 
stroke, when the cylinder full of high pressure steam expanded 
down to the same pressure as the low pressure steam, 

.Mr. BowMJiN observed, that this would seem to imply that the 
size of the condenser should be regulated by the pressure of th« 
i^team in the cylinder. 

Mr. CowPKB said, the pressure of the steam was certainly a ne- 
cessary tdement to be taken into consideration, as well as the size 
of the cylinder, in determining the size of the condenser. There 
was not only a greater quantitv of steam to condense when a higher 
pressure was employed, hut also a greater quantity of air to pump 
out at each stroke of the air pump. He mentioned a case which 
came within his own observation in that district, where li9 lb. steam 




WHS employed; there was no barometer gu age, but the parties ^ 
satisfied that they had a good vacuum ; however the fact was, that 
the injection water was forced into the condenser by means of a cis- 
tern at the top of the engine house, 29 feet in height. 

Mr. Slate remiirkcd, that he fully concurred in the results 
obtained by Mr, Smith, but feared they were s<j startling that 
there would be a disinclination to give them credence in the dis- 
trict. It was highly important then that the truth of the deduc- 
tions should be practically admitted 

Mr, T. TiJonNEVcBOFT. as an iron-master of the district referred 
to, felt extremely obliged to the author of the paper pointing ont 
the means whereby any saving conld be effected, more especially 
at a time when, owing to the state of the trade, economy in the 
manufacture was so essential. 

Mr. W. Smyth said, it had often occurred to him^ that a steam 

engine was like no other marbine. A time-piece, if out of order, 

I WHS sent back to the maker to be repaired ; and in the case of ma- 

j chines of other descriptions, if they did not do their work well 

I they were immediately stopped, because they wasted and injured 

I the material upon which they were employed, Bnt when the old 

steam-engine, after twenty or thirty yetirs' of hard labour, showed 

some symptoms of disorder, it couTd not be stopped, <»o with ao 

extra application of the coal shovel, and some hammering at tb0 

cotters, ikc,^ it was set to wmk again, and with its powerful st 

arm it wound round all the complicated machiner)'. This, 

ever, was done at an enornmus expense to the proprietor of t1 

engine, and it would be much better if he were to renovate itA 

constitution. He trusted that the exertions of the members of the 

lui^tilution would htu'esome influence in showing to persona of the 

description referred to, the necessity of carrylnj; out the^e things 

on more efficient principles than they had hitherto been ©oo- 

ducted, 

Mr. Bowman thought it a matter of great importance that tlit 
injection water should spread itself out amongst toe whole quantity 
of steam immediately on its passage int*> the condenser, and tb« 
alteration made by Xir. Smith in the mode of injection was very 
advantageous. 

Mr, CowFER observed, that they ought all to add their testimony 
to the value of the Indicator f^igures produced by Mr, Smith, 
because they showed the character of the engines much better thao 
any judgment which could be formed with reference to them, ina*- 
rnycli as it was the churacter of each engine written by itself, and 
could not be erroueou'*. He hud not the slightest doubt, that a 
loss of 180,001J/. at least, as stated by Mr. Smith, was sustained in 
that district, bt^t-nuse the mode of condensing ordinarily adopted 
was exceedingly defective. It had occurred to him many yearf 
ago, that a valve might he put at the aide of the condenser, and 
connected with an injection pump, bo that a gush of cold water 
might be injected at every stroke, at the very moment of the 
entrance of the steam into the condenser, and shut off again imme- 
diiitely, by which means the greatest possible use might be made 
of the irijection water, and the condensation of the steam effected 
with a smaller quantity of injection water. He then explained the 
druwing of an improved injection valve which he had constructed, 
nud found to work verv successfully; the object was to maintain 
the full pressure of the water at the point of entrance into the 
condenser, and to obtain a more efficient disstributiou of the jet of 
water without danger of its getting choked. I a fig. 5, A is the 
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c<mden«€r^ B the eduction pipe, V the air pump, D the cold water 
rtstero in which they are immersed ; E is the injection valve, a 
corneal valve rising a little ahove the botttim of the condenser-^ with 
a perforated cap below in the e«ld water cistern : this valve is 
^Kjiited by the screwed rod F, and the admission of the ii^jection 
^BwAler can be reg^uliited with the greatest accuracy by the screw. 
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Tbfl water enters the conderiBer in a fine sheet all round the valve, 
which strikes the sides of the coxidenser and fills the whole space 
irith a fine spray ; he had aHcertaiaed thiia by trying the vjilve in a 
box similar to tlie condenser, hut pnrtiuliy open, with a column of 
water of the same pres^sure na the injection, and lie found the dis- 
tribution of the water was so perfect as to Jill the box with a com- 
plete t«pray or fo^. There w?i>* uUo a different construction in the 
air-pump which he cimsidered advant;i^eou8 ; the bottom dropped 
into a well G G, in the bottom of the condenser, and the water rojie 
up the space GG, when the air-pump bucket dipped into it, form- 
lug a water-valve instead of the ordinary foot-vtilve, and ^s^v'mfr 
pressure enouj^h to enisjure the bucket-valve openings if there was 
any obi-truction. An indicator fi<^ure» taken from the engine when 
in full work, at 24 revoliitiuuii per minute, drivini^ shaftinjET and 
two fans, indicated 72;J-horse power. By an indicntor figure of 
the same engine when prirt of the work was thrown off, it umouuted 
to 38A-hor*e power; and h\ amither indicator fiprure for theen^fine 
and four lines of shaftin*< alone, without any work, amounted to 
1i ]lior»&-power, at the same Kpeed of 24 revolutions per minute* 
Tli6 engine ts hi^h-prest^ure^ expauBive and condensing, and is one 
of a pair workinj^ coupled tojrether; there whk orig^tnally in their 
place, a pair of hif^li-preiSJiure en^jineH, non-expansive and noti- 
condeni^ing, and the compsirative economy of power effected by the 
present eutfiues is so great, that although the same boilers only 
are used, there is* 2\ to '^A time?i the power obtained. The indi- 
cator figures eichibiled by \Ir. Cowper to the meeting, were drawn 
to the s<*ale of 20 inchc!* length of stroke, nnd |-incb for each lb, 
of pres%^ure; and he begged to suggest that @cale as a convenient 
one to be adhered to, for indicator li|fures* intended to be exhibited 

■ to the Intititotion. 
Mr, Slate thought the plan of injection proposed by Mr. Cow- 
per, was a very eligible one. With reference to the alternate 
injection of the water, he had experienced the difficulty in niutine 
engines, of too much water being admitted by the injection cock, 
whenever the engines were working slowly, cansinj^ the injectioji 
water to choke up the condenser, sind evei^ get up into the cylinder, 
and he had adapted a «li4e vahe iti the injectiun pipe, admitting 
only water empugh at each stroke of the engine fiir the cuudensja- 
tion of the steam; the jet of water waa thrown against a perfo- 
rated distributiiig plate. 

Mr. M*Co?<Nt:LL remarked th»t, there would be a tendency in 
the Titae of the injection pipe, as adopted by Mr. Smith, to become 
choked up. 

Mr. CowTKR obi^erved that in the plan he had described, that 
difficulty was quite obviated, aw in the case of the circular valve 
becoming choked, they had <udy to lift it up an Inch or two l>y 
the screw handle, and then iscrcw it down again, and the rush of 
water would effectually Wiish mjt uny obstruction. 

Mr. M^CoNNiXL couiiidered that a great advantage, aa it would 



prevent any stoppage of the engine. He thought the members 
of the Institution were much indebted to Mr. Smith for his 
re^cearcbeit, but their obligations were small compared with those 
of the iron manufacturers of the district, with whom he had 
been more immediately brought in contact, as the saving proved 
to have been effected by the improvement of the engines, formed 
so serious a proportion to the whole expense of working them. 
It was important that this subject iibould occupy the attention 
of the iron masters, because their material must bear a proportion 
in itM price to the management bestowed in its manufacture. He 
hoped Mr. Smith would not lo&e sight of the subject, but keep 
it joomiiiently before, not only the iron manufacturers of 
South Staffordshire, but the owners of steam- engijies throughout 
the country; and he thought this Institution was an excellent 
vehicle for the purpose, because it was only by such an Institu- 
tion that informatimi could be collected in a practical form, and 
the results be duly investigated and considered. In conclusion, 
he proposed a vote of tbauk« to Mr* Smitb, which was paased. 
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BLOM^ING ENGINES. 
{With Eiigmvingn, Plate X.) 

O?* o Bhwing Engine woj-king at High VehmticM, By Arithi- 
BALo Slatk, of Dudley. — (Paper read at the Institution of Me- 
chanical Engineers). 

Mr. SijkTK directed attention to the various changes through 
which this description of engine has passed, the better to elucidate 
the difficulties to be overcome, and the advaiitagea to be derived 
from the further change now proposed. 

The first records he has been able to collect show the blowing 
cylinders to be single-acting, or having the power of propelling 
tie blast when the piston was moving in one direction only ; three 
or more of these blowing cylinders appear to have been attached 
to one crank-shaft, worked by a water whe€l, and thus a tolerably 
steady pressure of air has been obtained. VVhen the gradual im- 
provements of the steam-engine and the demand for increased 
means of manufacture caused it almost entirely to supersede all 
other power, the blowing apparatus appears to have been accom- 
modated aa much us possible to the steam-engine, so as to afford 
the character of engine for the time being, the fullest development 
of its powen 

In pursuance of this object, the single-acting atmospheric engine 
of Newcomen was attached to a blowing cylinder, which pro- 
pelled the air from the tipper side of the piston only, and in addi- 
tion to the water regulator, which appears to have been known at 
an ciirlier date, there was attached a cylinder, now known as the 
regulating-tub, which was equal to or larger in diameter than the 
blowing cylinder. In this was fitted a piston with a rod moving 
in a guide fixed on the open top of the regulating tub^ the bottom 
of the latter being close, and having an open connection to the 
main from the blowing cylinder. The piston in the tub was 
loaded to the pressure of (dast required, and in the intervals be- 
tween the discharges of the blowing cylinder, the descent of the 
fdstim iu tlie tub kept up the discharge of air into the water regu- 
ator, which intervened between it and the furnace; thus in effect, 
as far as possible, making the engine double-acting. To prevent 
the piston being bhiwn out of the regulating tub, a large safety- 
valve was attached to the top of the rod by a strap, long enough 
to ^low the desired play of the piston, and short enough to lift 
the safety-valve, or snorter, as It is usually termed, if the piston 
at any time exceeded its limits; and the number of strokes of the 
engine were also regulated by the tub piston, as to it the cataracts 
were attached. 

When the double-acting engines of Watt were introduced, the 
regulating tub was still retnined, though not nearly so essential a 
part of the machine a« in the former instance. 

The next change that toi^k place was the general abandonment 
of the water regulator (though some of these are still at work, or 
have been within a few yeais): the reason for this change was the 
discovery that the air u\ s^uuimer, already surcharged with mois- 
ture, took up an additional quantity from passing over the surface 
of the water in the regubitor, and that this was prejudicial to the 
working of the furnaces. 

When the large area of the water regulator was shut off, it was 
then found that the tub was by no means such a perfect regulator 
as it was supposed to be, as the momentum of the engine passed 
too sudden into the heavy piston of tbo tub, and throwing it up 
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ijiuch heyond the heij^ht due to the pres«9iire of the air^ caused an 
irregularity that wiii* even more fti?gravat«d by its descent ; ti» 
»*(iuiiteract this, a spriiij^ beam was placed on the top of the tub so 
Hg gradually Ut check the mumentuin of the piaton, and this had 
«*nne effect, but not at all a satisfactory one. 

The next alteration which appearti to have suggested itself,, was 
the Ap]>I]Cfttiuii of large air chamheri*, from twelve timeti to thirty 
lime>; the area of the blowing cylinder, in which the elasticity uf 
the compressed air acted as the rejfulator of the discharge, tlie 
tub with itHi piHti»n being in sunie cases retained to work the cata- 
racts^ and as a tell-tale a^aini^t the engine men, in case of their 
allowing the steam to slacken and the piston to descend. 

We now enter upon the last ciiange which took place some fif- 
teen years ago, nnmely, the coupling of two double-acting engines, 
and duuble-acting blowing cylinders upon the same crank-shaft at 
right angles, so as to keep up a regular discharge. This effect wan 
in some measure obtained, but an flir chamher, or, what h eout- 
vaJent to it, very large main», were still required to obtain vmitt 
was considered a watiKfactnry result. 

At this point the realised improvements of the blowing engine 
btop short, leaving it still a large cumlnous and expensive machine, 
nod not capable of moving through its valves the highly elastic 
medium air, at a greater rate than the absolutely non-elastic 
iluid water, i» moved tbrt>ugh an ordinary pump. Under these cir- 
i;umstaneeii,it must be obvious that after all llie engineering talent 
that haa been spent on tljis description of engine, there is btill (if 
the expresfiiun may he applied) a wide range of dis^cuvery open. 

The immediate CHUse uf the writer's attention being atlraeted to 
the improvement of the blowing engine, was the difficulty ex- 
perienced in regulating one uf the old construction of blowing 
engines in the latter part of 1848, and having at the same time 
f>cci)S]on to employ some small 9- inch cylinders driven by the air 
of the Iflrge blowing engine. These small cylinders when driving 
the shafting only, sometimes attained a velocity of upwards of 200 
revolutions per minute, suggesting the idea of the possibility ttf 
reversing their motion and taking in the air in place of blowing it 
out through them ; there was however a difficulty in the slide 
valve which did not open and shut fast enough. After some con- 
hideration it was agreed that another cylinder should be prepared, 
iind the centre port made much larger, and the slide overtravelled 
nearly half its stroke in excess, which had the desired effect ; a 
cylinder of 9 inches diameter, and 1 foot stroke, having l^een 
driven 320 revolutions or 640 feet per minute, discharging the air 
at a pressure of 3| lb. per square inch, through a tuyere of l| inch 
diameter, or i^'^th of the area of the blowing piKton. Thi:* per- 
formance» as is well known, is more than double that of any 
i^rdinary engine, the total area of the tuyeres with a 90 inch blow- 
ing cylinder, being at a pressure of 3^ lb., about 52 circular inches, 
or r^^tli of the area blowing piston. 

We are all acquainted with the tremour which is felt even in 
the best form of the large sized engines; but in the experiments 
j;t a high velocity with the small sized cylinders, not the slightest 
jar was felt or noise heard, it is therefore proposed to increase the 
}*peed of the piston in actual practice, from 640 to 750 feet per 
miuule, the length of stroke being 2 feet in place of 1 foot ; this is 
somewhat under the speed of a locomotive piston at 40 miles per 
hour, which is about 800 feet per minute, so that it is conceived no 
difficulty can present itself to this. The proposed speed of 750 
feet per minute, is three times the usual speed of the present blow- 
ing engines, 250 feet per minute. 

I'lie c4»nstruction of the proposed engine is shown in the accom- 

{►aiiyi ng engraving, lig. 4, Plate X., showing the plan of a pair of 
jorizoutiil steam cylinders and blowing cylinders; A A are the 
steum cylinders, 10 inches diameter and S feet stroke ; B B, the 
bbiwing cylinders, 30 inches diameter and 2 feet stroke, with their 
pistons C, fijced on the same piiton rods D, which are connected to 
two cranks E, fixed at right angles to each other on the siime 
shaft. The slide valves F, of the steam cylinders are worked by 
the eccentrics C, on the cranked shaft, and the cranks H, at the 
outer ends of the same shaft, work the slide valves I, of the blowing 
cylinders. The centre port K, passes downwards to an external 
opening for the adoiission of the air, and the discharge ports L L, 
deliver into the passages M,on the top of the cylinder, which com- 
municate with the air main N, by the chest i), formed between the 
cylinders. The piston of the blowing cylinder is intended to be 
made nitbout any pficking, being a light hollow cast-iron piston 
turned to an easy bt ; and the slide valve of the blowing cylinder 
to have a packing plate at the back, working against the cover of 
the v^alve box, with a ring of india-rubber inserted between this 
plate and the back uf the valve, to give a little elasticity. 



It appears that SO inches diameter is iome where about the mott 
conveuient size for a stroke of 2 feet, and as it is considered aa 
advantage to have the stroke as short as possible, to increiise the 
regularity of the blast, the comparative cost of the different en* 
giues which folbiws has been taken upon this basts two 10-inch steam 
cvlinders and two SO-inch blowing cylinders, costing together (ex- 
clusive of the boilers,) about 400/, being recko'ned equal to blow 
one uf our largest furnaces, making l<tO tons of iron per week, and 
having a surplus equal to blowing a cupola or refinery, as is gene- 
rally allowed, as such an engine would give at 640 feet per minute 
the same speed of piston as in the experiment*, very nearly 30 
circular inches of tuyere, at a pressure of 3^ lb. to the square inch; 
the circular inch is used in speaking of the area of tuyere, as the 
blast that any furnace is taking is usually reckoned by simply 
squaring the diameter of the tuyere, but the pressure is taken on 
the square inch. 

The experiments on which these calculations were founded, 
having been ninde upwards of 19 months ago, were repeated Ia«t 
week, and the results were found to be as nearly aa they could be 
measured the same, the blowing cylinder had in the interval 
!>een driving the lathes in the pattern shop, and the slide was 
found perfect An indicator was applied with a view to test the 
amount of friction of the air in entering the cylinder at the high 
velocity, and a simple method was adopted of ascertaining this. , 
A tuyere was made as large as the inlet port, and the engine was 
driven to nearly or ouite 700 feet per minute, when the giiage 
showed a pressure of | of a lb. per square inch ; and as the fric- 
tion would be the same through the dame sized openings at other 
pressures, it follows that the loss by friction on a pressure uf 
blast of 3^ lb. per inch, would be ryth or tt| per cent loss; as the 
port in this case was y^^th of the area, and tne port proposed is |th, 
it is assumed that the loss wuuld not exceed 5 per cent, from 
this cause, or indeed from any other cause, as the friction from 
propelling the air through a given sized tuyere, at a given prei- 
sure, must be the same in both cases. 

Following up the comparison of first cost, we find (that €xclu* 
sive of boilers, which are assumed the same in both casesi, hut 
taking into account the cost of the engine bouse,) there would be 
a saving by the proposed plan of between 65 and 70 per cent.; the 
cost of a pair of the best engines in Staffordshire, blowing three 
f II maces, oeing 3650/., while on the proposed plan they would cost 
1100/. if high pressure only, or if nigh pressure and condensing 
1350/., including in each case the engine-bouse but not the 
boilers. 

Many will prefer high pressure only, on account of its simpli- 
city, but as it appears evident that a given quantity of steam can 
be condensed in the same time, in tlie same condenser, whether 
admitted in a few large jets or in a great number of small jets, 
there is no reason whatever why a condensing apparatus may not 
be attached to the short -stroke engine at high velocities; the only 
condition being that it must be eijuivulent to the power of the 
engine without relation to the size of the cylinder. The air-pump 
in this case must he double acting witli slide valves, or it may be 
rotary and placed round the crank-shaft, and there appears to be 
nt» advantage tn a fly-wheel for such an arrangement of blowing 
engines. 

The speed of the engine should be regulated by a hydrostatic 
governor, communicating with the blast main, and attached to the 
throttle valve, exactly similar lo those used in gas works for 
regulating the engine driving the exhausters; this would regu- 
late the engine with greater delicacy, and maintain a more uniform 
blast than can be done with the preseiLt engines; and the rapid 
succession of the strokes of the two small blowing cylinders acting 
alternately, would render the present large reservoir quite un- 
necessary. 

Supposing the advantages claimed for thia description of en- 
gine to be realised, which the writer has no reason to doubt, it 
may he applied to assist the present blowing engines where they 
are overpowered, which is in many instances the case, as there 
is no ready means of increasing their power as the works develope 
themselves, and greater calls are made on the engine; but in tuc 
case of the proposed engines, if at any time an increase were 
desired another blowing cylinder might be added to the shaft, at ft 
i'oui]>:ira lively small cost. 

Referring again to what first drew the attention of the w^riter to 
this subject, the employment of small cylinders worked by the 
pre!»sure of air, where it was inconvenient or impracticable to 
employ shafting; it has been found that a 12- inch air cylinder with 
^ lb. pressure attached to a large foundry crane, under which fifteen 
30-int-h pipes are cast vertically every ten hours, dues the work uf 
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douKle tfie number of men that could by any possibility work iit 
the crane. 

ThiB sufTgests the possibility of a very considerable advanta^fe 
to railway companies, by the use of the proposed en|5'ine8, as the 
blowing cylinders for cum pressing- the air nii^ht be attached to 
the end of* the piston-rod of any of the small-aized engines now 
bud up at several stations^ and' the air conveyed to the variouB 
cranes, to which cylinders tnij^ht be attached for about 25/, per 
crane, without disturbing the present arruntfenient for the uae of 
manual power in cases of emergency. The savinp^ of manual 
labour by such an arrangement will be best estimated by the 
mana|^er» of good 8 departments, some of whom are amon|r«t the 
members, and with reference to the mecbanical application of the 

fower, the writer hopes to have the ploasure ol pre^^enting the 
nstitution with another paper at some fiiture meetinar. 
At the conclusion of the readint: of tlie p^iper, »ever»tl cjue*«tions 
were put U* Mr* Slate, and which he answered* He stated that 
he bad used fan« made according^ to Mr. Huckle'ii princijile, and 
could speak to their excellence and Kuperionty; they were the 
leMit expense in construction, being made with' liifht wood arms, 
und he had obtained from il to 5 oz. per sr|uare inch |ire,<^ure with 
them. He had tried both the cyHnder-hlast and the fan-blast for 
melting iniU, and indeed had them both mtw in use ; hut he was of 
opinion the cvlinder4)last w«» decidedly the he»t for the purpose, 
as the fan -blast caused the lining of the cupola to burn away 

Jjuicker, and also cooiomed a larger proportion of fueL He had 
ound they could not blow »o rontinuoiiHly with the fan-blast, and 
required to stop more freoiiently for repairs* of the linirn? than 
with the cylinder-blajft. 1 he pressure of the fan-blast was jjot 
sufficient to carry it throuii^h the burden, so that the passage of 
the air wa^ more at the ^ides of the cupola, which caused the 
lining to be cut away, and hence he considered the cylinder-blast 
was the best for melting iron ; and thoni^h it mi^ht not be so cheap 
at first, cost, there was no doubt of its ultimate economy. In the 
thousands of tons which he had melted, he had been unable to 
detect any difference between the <iuality of iron made under the 
influence of the fan and that made by the cvlinder-blast. The 
preaaure with the cylinder-blast was about 3| tb. per inch at the 
cupola^ and they had six 1-inch or 1^-ioch tuyeres. In the caae of 
the fan, they had two tuyeres about ti inches in diameter. They 
used best Durham hard coke, because hght coke was unless with 
Ihe cylinder-blasl, vrbich would blow it away. 

Mr. Havifj^ »aid, be made an exhuuster that had been used 
^xtensivtdy for blowini? copper-melting furnaces, but he believed 
the fan wiis preferred, though it gave les;* pressure of blast. 

Mr. Robinson thought the faii-biai^t w»s best for a cupoln, and 
he could not see the reason why the cylinder-blwHt should not 
injure the sides of the cupola more than the fan-blast, becati«e it 
had greater pressure, and must have mure power to force its way 
through it* tne opposite side. 

Mr. CowpEB thought there would not be any greater destruction 
of the lining with the fan-blast, unless there were some other 
cause ; the circumstance of blowing with six tuyeres in the one case, 
and only twi> in the other, might cause a difference. At the Lon- 
don Works the cupola was blown vrith a fan-blast, and bad two 
|0-inch tuyeres at .i oz. prcii^ure, but they did not find the sides 
Bt away ; on the contrary, with some trifling repairs each morning 
wfore starting work, the lining of the cupola lasted for many 
weeks. 

Mr. W. Smith remarked, that he did not know any instance of 
the fan being applied to blast furnaces in that district^ and it was 
for tho«e more particularly that Mr. Slate's engine was proposed ; 
the question raised by the paper, was whether in the case of blast 
furnaces it was better to employ a small cylinder at a high velocity, 
or a lAT^e cylinder at a sIovf speed. Tliis small blowijig engine 
waa proposed to Kuper!st*de the ponderous machiites which were 
employed for the purpose at the bbii^t furnaces ; be considered it 
ivftd an important stiggestioo, aud he saw no reason why it should 
not accomplish the object intended. 

Mr, CowPER was of t^piriion that the proposed qnick motion 
would give a more regular blast, which was a matter of great im- 
purtance as aficcting the make of iron ; but it was a question 
whether the great speed at which it was (no posed to be wi irked 
would not injuriously atfect the durability of the workiJig parts of 
the engine, 

Mr. M'CojfVELL did not think there was reasou to fear any 
serious objection from that cause, when it was borne in mind that 
the piston of a locomotive engine frequently worked at the velo- 
city of 800 feet per minute, and the proposed engine would be sta- 
tionary iiiBtead of locomotive. 



THE TUBULAR BRIDGES. 

The Britannia and ConvHi^ Tabular Briffffes; with General in- 
quirie* on Benrnt^ and on the Froperliet of Material uted in Con^ 
struction. By EnwiN Clark, Resident Engineer. Published 
with the sanction and under the supervision of RonEST Stephen- 
SON. London: l^Vale. 1850. 

The Tubnlai Bridges may now he supposed familiar to all, and 
in taking up a book on the subject, however important, we have 
some fear lest what we say, as being supposed to be on an old and 
known subject, should not be listened to. The event is not near 
enough to have the prestige of novelty: it is not yet far enough 
for curiosity agrain to rise as to the actors by whom brought about, 
and the circumstances attending it. Our reading of Mr. Edwin 
Clark's book- however, has heightened our feelings; and though 
in the pages of this Journal we have over and over again written 
of the Britannia Bridge, we are not without hopes that our readers 
will go with us in reviewing, on this the first complete opportunity, 
the history of one of the greates-t works of modern times, of a 
great monument of our days, which, notwithstanding the sneers of 
those who can properly appreciate neither antiquity nor the present, 
are more fruitful in great moral events, and in vast physical exertiona 
than the world has yet seen. Many of us stand but as flies upon tlie 
axles; but as the wheel of Time's car runs swiftly on its way, 
the wonders of bygone ages are quickly surpassed, and events, 
each in itself the worthy subject of a history, are crowded before 
us. When Alexander wept that he bad no more worlds to conquer, 
when Napoleon, greater still, thirsted for victory in Russia, or 
even when he was tottering to bis fall, the world was not so much 
moved as now; for though the fate of single nations might waver 
under the beam, the lot of mankind and the welfare of beings yet 
to be born was hardly at stake. The revolutiou which has shaken 
Europe, the sudden chance which has unlocked the golden stores of 
California and opened a new world in the Pacilic, the spreading 
ijifliience of the older English in China and Hindostan, and the 
southward march of the two great English races to grasp tlie lord* 
ship of America, are events which would have dicaxled the older 
historians, and awakened the im^piratiou of a Thucyilides, Livy, 
Gibbon, or Niebuhr; but these evejitshave not come alone. Kings 
and nations, we know of old, can rise and fall; but time and space, 
eternal in their laws, are now made sensible to us under very 
different conditions. Every day we are made more and more aware 
of the mighty influence of those apjdications of steaui and elec- 
tricity, by which the ends of the earth are being brought together, 
and tne luost distant lauds drawn within our reach. In such mighty 
operation.H it is that the man of science is made sensible how much, 
by well-directed exertion, he may influence the destiny of man- 
kind; and even the humble mechanic is wdled on to take part in 
these great actions. This is one — not the least important — of the 
new aspects under which the wurld appears. Plato might strive 
to influence statesmen; Aristotle gain the ear of Alexander; 
Seneca train up a Ciesar and lind him a Nero; Bacon vindicate the 
claim of philosophers to political influence; but such men could 
never hojie HuccessfuUy to overcome the stubbornness of their 
instruments, the chances of educatiou, the vicissitudes of party 
intrigues, or the disasters of haibarian warfare. It is by giving 
less preditmiiiance to speculative science, and a more practical 
turn to the labours of students, idd and young, that a change has 
been produced ; and the modern historian must attribute as great an 
induence to a VVatt, Trevitbick, or Stephenson, as the older his- 
torians to Socrates, Aristotle, aud Bacon. It is not that morals have 
lost by this change : it is that they have gained by tlie application 
of intellect to practical results, msteud of the elaboratiou of a 
Republic, a Utopia, or an Oceania; aud the contrast of the t^o 
systems cloes not rest on a bright image of the present, and a dim 
lemerubrance of the past, for we have tliem face to face by sum- 
moning a Kant, Ficlite, and llegel. 

If, however, the change is now most apparent, it has not been 
fiudtJeuly brought about, for tlie foundation is what Bacon laid 
and Newton worked upon; and the sujierstructure shows mo^t 
now, for the foundations are deep* In pro|n>rtioo as this practical 
system is carried forward, so must the share of the engineer be 
greater, and the influence of the practical man be increased; and 
the mechanic will hereafter seek that participation in great deeds 
in the workshop, for which bis fathers shed their blood on the 
battle-field. Intthejpresencc of the moral results that are obtaint-d, 
the ambition of the engineer will take a nobler direction; and 
work?* will be carried out from oiotives of humariity, the mngniti- 
cence of which would never attiact capital, nor allow of a proht. 
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The wants of the present day reqtiire vast appliances, and the €on- 
siilerution of the instruments whkh are ut our dii^posal la not 
«mong the Jerist plea^in^ nietlitEitiona, white casting- a hoj^eful 
g^lance ut the future. V^iewed under the infipiration of all lhe!»e 
Considertititin^, the Britannia Bridge geems invented with an inftii- 
cnoe, the possible resulti of which cun hardly he appreciated. It 
i>i not only a ^rt at work in itself, but it is an extension of niechiuii- 
Cftl pouor !4uch as enable^i ns tu work out still grander dee^ignii. 
Everythiofj which is a means to a great end calls for our observa- 
tion; but tho!*e which are the most powerful in their results, whe- 
ther a tele^aph wire or the beam-bridge, justly claim our most 
Mfioiis attention. 

The enifineer, in contemplating the structures which have given 
ri«e to these remarks, neither irrelevant, we hope^ nor unworthy 
of them, will chiefly have re^rard to two conditions — first, as to 
the meanvt of completely imitating them, and next, as to the possi- 
bility of the application of the same construction on a larger 
ftcale, Aa a record of the Britannia or Can way Bridge, we 
should care little for miy work; but it is in their results, in their 
influence, that our interest lies. Mr. Edwin Clark, the author, 
has well understood the conditions required, and he has therefore 
laid dowji a text-book, which will n<»t merely be rend and re- 
ferred to, but uiiich will be worked out by the engineer engaged 
in some tike undertaking, perhaps among the step pes of Russia, 
the jungles of llindostan, or the prairies of the far west. To 
^nabJe this to be done effectually, it was needful not only to 
describe the works, and the way io which they were built up, hut 
to investigate the principles in conforming to which their stability 
depends. In the case of an arch or <^uspension bridge, or a light- 
house, this has been already done; hut the hollow beam being 
new, it will be seen how great is the task imposed upon the author; 
and hence the work, being carefully and ably perlormed, as here, 
hoiv valuable in its teachinp. 

Such then is the book before us, &nd familiar as its subject may 
at lirst sight appear, it is most difficult f**r us, within our limits, 
properly to bring it under the notice of our readers, fur we should 
he tibliged to enter into many details at the same length as the 
author, or to reproduce his statements. We are therefore obliged 
to adopt a less systematic course, and taking it as uur text, offer 
Bucb observations as occur, leaving the analysis of tlie book to our 
readers, uho will not wait for our bidding to buy it, iind who are 
an it \rere constrained to read what is the standard work of engi- 
ne€»ring literature in the present di*y. 

First, we must alltide to the feeling of gratification which all 
memliers of the profesHion must entertiiiu towards Robert Ste- 
phenson, for promoting the publiccilion of this work. It is a 
graceful recognition of the duty incumbent on all to contribute to 
the commmi stock of knowledge, from which each gleans, and none 
more than those whose own achievements are greatest; and we feel 
a personal satisfaction in having constantly urged on the profes- 
sion the discharge of this duty, because we kntiw that we are 
answered hy the sympathy of those whom we address. W'e may 
be forgiven for this personal allusion, because in a profession «o 
newly risen to a great height, neitht^r are the duties of its mem* 
bers well understood, nor the value of a technical periodical pro- 
perly appreciated. We call the attention i»f our readers to our- 
selves, because it is as a means of serving their interests. The 
more readiness shown in giving information to tlie public, the 
greater the aggregate re.su It and the heuefit to each; for the 
influence of the press is not confined to general suggestions, being 
more especially uwing to the diffusion of infornntion to an extent 
which is little known, and can therefore hardly be conceived. In 
Mr. Clark's work, at p. b'5l, will be found a reference to our 
iiages, and others are miide by him and Mr. Stephenson to our 
contemporaries; while within the last few months alone, our pages 
have been ackiiow ledged as a sioirce of int'ormation to niemtiers of 
the profession in Hio Janeiro, in Canada, and in Ilindostan. Who 
cares about giving information to others in India or America, yet 
it was by gleaning inroruiiUiou as to a covered viaituitt in America 
(p, 23), as to an accnlent in a dockyard at home (p. 3o), that 
Robert Stephenson obtained the corollary evidence ou which to 
justify his vast design. We do not feel disapptonied with the suc- 
cess of our exertions — far from it, they are beyond what we could 
ever have expected; but we spenk because we wish to stimulate 
the great body of engineers to the communicatiou of iuformation 
upon which too many are ne;;h*ctrul, either as thinking too much 
ot their works, and selfishly keeping their knowledge to them- 
selves or thinking too little of what they see^ and passing over 
what they think trifles. 

Under these circumstances, Mr. Clurk's book is invested with 



the character of a record by its maker, of a great undertaking 
rather than the narration of an historian. Robert Stephenson has 
not only supervised the whole work, hut he has written a section 
of it ; it contains his letters and reports. But, above all, Mr. Clark 
was in this whole business his bosom friend and helpmate, kaowjng 
of all that was done ; [lartner of every doubt^ of every fear and 
©very hope; present at the rise of each new auggeation, and taking 
pari in carrying it to fruition. The book justiliies, therefore, the 
character we have given it, of being one of the great standard 
workti, and we hope many others are to come. In many profeasiooi 
the reward of excellence is so narrow that it is beyond the 

rower of the members to incur any Icirge pecuniary contributioo; 
ut the earnings of our great engineers have been so princely at 
to leave no excuse of this kind, and little time ought to past 
before the gigantic undertakings of the day are as well commemo- 
rated as the Britannia Bridge, of which we are now i^peaking, th» 
Meuai Bridge by Mr. Pro vis, the Plymouth Breakwater by Sir 
John Rennie, and the Skerryvore Lighthouse by Mr. Alan Steven- 
son. One very memorable circumstance connected with the Bri- 
tannia Bridge iss, the union in its production of the resource* ol 
theoretical research and of practical ac<]uirement&, and the har- 
mony and zeal with which, with a well-known exception, «»o maof 
men of various acf|uirements co-operated in the achievement of 
this design. Whether it was from fellow-feeling for the engineer, 
burdened with a task almost impossible, or whether with the 
earnest desire of ensuring success for a grand conception, certain 
it is few men have had so many or so able helpmates. The report 
of the Admiralty engineers, &ir John Rennie and Mr, Rendel, 
made abortive a very lidmirable design; and it appears very ques- 
tionable, whether in the conditions they imposed, they did not 
seek to make the passage of thf^ railway impossible, .irid to favour 
the Porth Dynllaen plan. The tribunal of the ParUamentary 
Committee was ntd the most encouraging for the announcemeut of 
the new plan; and incredulity was as strongly ex pre^ssed at the sug- 
gestion of a beam 450 feet long, as when the father before a like 
audience spoke of locomotives running thirty miles an himr. If 
Robert Stephenson feit seriously the responsibility thrust upon 
him, he soon received the assurance of co-operation and support. 
Not only did he have the assistance of Mr. Fai rbairn, Professor 
Eaton ModgkinS4.>n, and Mr. Edwin Clark, but he found a liberal 
counsellor in the Astronomer Royal (pp. 483^ *^l^)t ^^^ practical 
supporters in Mr. Brunei, Mr. Tierney Clark, .Mr. John Laird, and 
Mr. Miller. When it is remembered the feud was still ra^ng at 
to the broad gauche and the narrow gauge, the atmospheric railway 
and the locomotive, in which tiie two great engineeri* were pitted 
against each other, and that throtighout they have been rivabfbr 
fame, it la not the less remarkable, and we are sure not the leart 
pleiising, to Jind Robert Stephenson and Brunei working freely and 
earnestly together, and it is an event equally honourable to both. 
Throughout we find frei^uent references to communicationa from 
Brunei (pp. 101, 131, 461, iH8, 510, 6*3, 680), and a mo§t inte- 
resting description of his original application of the principle to a 
circtilar beam, 3(^9 feet l!>ng, f<fr a bridge over the Wve (p, 109). 
All the experience he had acquired in getting up the Hungerford 
Bridge and the Clifton Bridge was readily commuaicated, as well 
as that of .Mr. Tierney Clark, as to the Pesth and other great 
suspension bridges. 

Another memorable circumstance was the costly seriea of experi- 
ments, and the lengthened scientific investigation forming part of 
the preparations. Distinct experiments were carried on by Mr. 
Fairhairn, Mr. E,^ton Hodgkinson, and Mr. Edwin Clark, and 
those of Sir Mark Brunei and his son were freely communicated. 
These experiments were followed by a careful and laborious ma- 
thematical investigation, conducted by Mr, Eaton llodgklnsoOi 
checked by Mr. Edwin Clark, and laid for revisal before the 
Astronomer Royal, who, in one instance (p« 513), pointed out an 
erroneous deduction. The experiments began with small tubes 
and other slight models, and extended to a costly model made one- 
sixth i>rthe size of the Britannia tube, or no less than seventy-five 
feet hmg (p. l^^). Of course, the material being only in euldc pro- 
portion to that of the great tube, was very small (1 to 2l«i), but the 
model was 80 large n» to give a near approvimation to the condition 
of the gigantic structure. The experiments of Brunei on a beam of 
(i6 feet long {p. 437) are likewise on a large scale; and what may be 
called the auxiliary experiments are likewise unapproachable under 
ordinary conditions. Such are those of Mr. Fairbairn on an iron 
ateam-ship WO feet long, with 1900 tons of machinery in the middle; 
and such are those on the tubes themselves while on the platforms. 
The bridges were likewise the subject of experiment, and the 
opportunity waa thus given of observing a beam 1511 feet loDf, 
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•nil wei^hirijff 4306 toni. This la an nppamtiis whirh Arehimedes 
mi^ht have sighed for, and whiuh modern science will know how 
tu turn to account. 

The co«t of the experiments to the Railway Company was 6530/. 
(p. 811), besides the time of Mr. Stephenson and Mr. Clark, and 
without re«'koriing any contrilmtion from extraneous sotirces. 
We are therefore justified in cons^iderin^ that a sum of ICOCMi/. was 
devoted to the expertmenta on which the tubular bridp^e was 
founded, and the book before us written. The experiments con- 
aiated of two ^eat series, those at Mill wall and those at Man- 
chester, In the MillwaJl experiments the oriprinal cost of I ha 
lar^^e model was 320/., and tfif r**pairs to it in the several ex pet i- 
tnentH 600/, liU, id., making a total of 920/. 13*, id. The Man* 
cheater experiments were continued from January to December, 
1846, and cost nearly 4000/. Some of the tubes tried in ex]>eri- 
mentin^ were afterwards used up for chimneys and otherwise on 
the works at the Britannia, 

We shall now turn to a personal question, which is rather of a 
painful nature; and that is the question between Mr. Stephenson 
and Mr. William Fairbairn, and with re^'^ard to wliich the proft*s*sion 
have looked forward to this hook h itb some anxiety, ililherto it 
was difficult to arrive at any correct jud^^nnent, thouprh it was eaay 
to 6e« temper had more to do with the nuitter thrm nnythin^ else. 
We think we can make out our way more easily now; and we 
trust in the end these dissensions may he heult^d, und Oiat we shall 
no louder on a ^nve and important ?^ubject have to n^^r^r't bicker- 
ing« which do injury to the cause of science as murh as to tlie 
party in the wrong. 

From this book there is no opiming^ for doubt thft Mr Ste- 
phenson it was who first conceived the idea of throwing u hollow 
beam or covered hridge over the Merj;*i; and therefore any claim 
narrows itself to after co-operation as to the development of the 
idea, Mr* Fairbairn wa« early called upon to aKsist, upon tJie very 
good ground that he had paid great attention to the fstren^th of 
materials. No disj>ute exists, we believe, as to the extent of Mr, 
Fairbairn's co-operation — at any rate it is fully enough acknow- 
ledged in this book - it is only as to the nature of it. Mr. Fair- 
bairn has set up the chum of bein^ joint-enjLrineer in the produc- 
tion of the bridges; but even on the technical grounds he haa put 
rorward^ we cannot see there is any justice in this, or the assump* 
tion that his name should therefore be joined with ^tephenson'i 
ou the bridges. We say, we do not admit even the technical 
grounds of the engagement with Stephenson or th« Railway Com- 
jjany; but we do not allow that the question is to be argued on 
•uch grounds. Mr. Fairbairn has gone into a court of equity, he 
lias opened the whole matter, and jiidg:meut is to be given yptin 
the merits. The question then takes thiJ* shape— has Mr- Fiiirbairn 
an equal claim with Mr. Stephenson? We think not, because 
Mr. Stephenson was the originator, and because Mr. Fairbairn was 
introduced by Mr. Stephenson, and thcrefure subsidiary. 

Looking at it in this li^t, we go the length of saying that had Mr. 
Stephenson made any bargain with Mr, Fairbiiirn for equal honours, 
Le would not have been jut.tified in doing so— he had no right to do so 
— snd he would not have been acknowledged in doing so. 7'he merit 
and responsibility ofthe suggestion was iMr.Stephensc*n's; and on the 
hBcirrectness of the principle it chiefly depended whether it could be 
' ' "led out. The adaptation of the principle wa?s a tentative pro- 
and it matters little in comparison who carried it out, Mr. 
Stephenson provided the idea, he marshal led the staff for currying 
j it out, he procured the money for the experiments, and Mr. I^air- 
f bairn would have hardly done his duty creditably had he not 
r' achieved what he did. (Granted there was a resp*msibility on Mr. 
' Fairbairn — there was npon every asststant^-and 4lr. Fairbairn well 
I fuJjilied his dutv, coming in at the beginning; and Mr, Stephenson*s 
ftime being so fully taken up, tlie direction naturally fell upon Mr. 
1 Fairbairn,and tliereby he bad the opptiTtunitv of doing more than he 
j would under ordinary circumstances; but tliat by mi means raises 
I'biin to the summit of the hierarchy, though it muy advance his posi- 
ftion in it. Whatever Air, Fjiirbairn may put f4H*wurd, the original 
|j)oaition of Mr. Stephenson remains untouched; and it is hardly 
worth while to examine the technical 4iT<>ii^ids oii which Mr. Fair- 
bairn attempts to support his case. We are convinced his object 
his unattainable; and we are therefore the more concerned the con- 
|troveri*y should drop, the ill-feeling be allayed, and the former cor- 
*diality be resumed. 

On Mr, Stephenson reouestvng Mr. Fairbairn's co-operation, 
Mr. Fairbairn was officially apjiointed by the Railway t ompiiny 
one of its engineers, fio as to give him the p<jwer to supervise con- 
^tractt; but various circumstances occurred very materially to 
$e Mr, Fairbairn's position. That he went zealously into the 




work, Mr Edwin Clark acknowledges; that be freely and liberally 
acknowledged Mr. Stephenson's origination of the undertaking, bis 
letters show (p. 812); and that he was not knowingly a cause of 
the Bubjsequent alienation, we fully believe. The taking out a patent 
for the application of the principle with Mr. Stephenson's cuncur- 
rence was an effort of Mr, Fairbairn'N zeal, but was an instrument 
of dissension, and the jealousy of Mr, Stephenson's supporters was 
artmaed by representations in the Lancashire papers, that the 
undertaking waa proceeding under Mr. Fairbairn's auspices. When 
the time came to contract for the work, and Mr, Fairbairn claimed, 
not unfairly, the lion's share (p. H07), it was a matter of course the 
t'ompany removed him from the office of engineer, and substituted 
Mr Edwin Clark (p. SU5), After obtaining a large contract. Mr. 
Fairbairn resigned it, for a consideration, to Mr. .\fare; and this 
circunjstance, together with the heavy charge for the experiment, 
seem» to have created an unfavourable feeling with the Railway 
Company, Mr. Fairbairn was thus in the end neither engineer 
nor contractor ; and though he gave his co-operation to the last, 
it is easy to underKtand how an alienation of feeling arose, and a 
disappointment, which reacted in his ret^uiring a greater consi- 
deration for bis claims than either Mr. Stephenson or his friends 
were willing to acknowledge. Let it be hoped, nevertheless, that 
the handh^ume recognition of his service* in thi;* volume may be 
considered as a proof of kindly feeling to which he wiU recipro- 
cate. 
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Cajc the chnracteriMtic forms and decorations of classic archi- 
tecture be retained in modern buildings without deviation from 
their original constructive purposes? It is replied that the 
te^trictjon of primitive forms to primitive uses can be complied 
with in no other edtficen than thoae constructed on the type of 
ancient temples. 

If this ohjcL'tion were valid it were idle to contend longer for 
architectural truth, f(»r our advocacy would reduce us to this 
dilemma— we must either give up the use of classic forma alto> 
gether, or we must make all modern edifices in which thej f re 
em|doyed similar to the Madeleine at Paris, mere copies of ancient 
structures. The oltjection, however, amounts to this, that the 
rules of tireek architecture are so strict as to be incapable of 
cf»nsistent application to any but a rectangular peripteral building. 
We concede at once that pointed architecture is infinitely more 
susceptible of variation than the rival style, from the simple reamon 
that arch-construction remove from the former style the restrictiona 
which in the btter limited the distance of inter-spaces to the 
length of a single block of stone. Hut in truth, classic architec- 
ture, even in its ancient simplicity and purity, admitted a diveruity 
of construction which suffices to relieve us from the second horn 
of the dilemma above stated. The exquisite circular temple at 
Tivoli, and the atria of several houses at Pompeii, are among in- 
iitances which might he cited of an appiicatiun of the forms of Greek 
architecture, with perfect arrhiteciitra! truth, to building*^ of whith 
the plans entirety differ from those i»f the great Athenian tem- 
ples. 

The Berlin Gallery of Pictures must be regarded as one of the 
most successful int^tances of similar adaptation in modern times. 
This edifice presents a magniJicent fat;ade of eighteen lluted 
Corinthian ciduuins, supporting an entablature and the flat roof of 
a portico which extends the whole front of the building. There la 
no pediment or other superstructure above the horizontal line of 
the entablature, but a higher roof rises at some distance behind it 
from the centre of the building, and is crowned at the corners by 
bold equestrian groypw in bronze, which stand in admirable relief 
againsit the sky. The magnificent effect of tlie jiortico is further 
enhrinced bv the noble flight of steps liy which jt is approached ; 
add the columnn appear the more prominent from the wall behind 
them being richly decorated by ileeply-coloured frescoes. 

The light is ohUiincd frotii the roof and side windows. Hi« 
latter are not decorated by the ridiculous mimicry of pediments, 
which is nearly universal in England, There \s not a shom- 
pediment nor a aham-column in the whole Berlin (jallery. 

The arrangement of the interior is admirably adapted for the 
exhibition of its treasures. The Picture iiullery consists of a 
centre range of compartments, with suites on either hide at right 
angles to it. The whole of this gallery is tinder lUte r«>of, and form* 
in jfact niie apartment, but it is divided by screens, extending from 
the wall betv^een each two Hind'jws^ tu about lhree-fourth!» the 
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height and wifltli <if the sffl I! ery. The pictures are an-Auged eys- 
temiitJeAlly, accorfiing to the several schools of painting ; the cot- 
lection of sculjitures is contained in three noble apartmenU beluir 
the picture gallery. 

The tilyptothek, or Sculpture Gallery of Monieh, exhibits the 
adaptation of classic Brchitecture, with nearly the same coitstruc- 
tive propriety as the edifice above described. The characteristic 
feature of the Glyptnthek is its pediment, which however is not 
fixed against a blank wall for unmeaning ornament, but is the real 
gable-end of a real roof. The tympanum is richly adorned with 
tfculpture, and the entablature is supported by a liouble range of 
Ionic unriuteil columug. On either side of the central pile are 
wings, having distinct and lower roofs. The great defect of the 
buLidiDg it» the surface of blank wall which is displayed by these 
wiugiJ, and which is only imperfeclly relieved by ptlanters and 
niches, surmounted, unhappily^ by minature pediment:^. Exactly 
opposite the Glyptothek is the School of Art and Industry, resem- 
bling it in the main features of a central portico and side wings^ 
but far giiperior in it!i general effect. For in the latter btiildiiig 
the pediment is loftier, and supported by magnificent fluted Corin- 
thian columns. The wings are without the objectionahle pedi- 
ments, and theblanknejisof the walls is far more perfectly relieved 
than in the G yptothek, by regular ranges of bolii pilasters. 

The Pinacothek, or Picture Gallery of Munich, is chiefly ad- 
mirable fiir its interior arrangement and decorations. The front 
»i»mewhat resembles in form, though it greatly exceeds in size, 
the river front of Trinity College, Cambridge; and both buildings 
have the common defect, that the space occupied by windows bears 
too liirge a proportion to the rest of the exterior sarface. Mere, as 
at Berlin, tha pictures are systematically arranged according to 
their schools, but the clasj^ification is even more perfectly effected. 
The gallery con?iists of a continued range of nine halls, communi- 
cating by central doorways, through which a vista extends the 
entire length of the building. There is a parallel range of cabini3ts, 
or smaller apartments^ each of which communicates directly with 
its adjacent hall, and contains the smaller or cabinet pictures of 
the same school and epoch as the larger works in the h:dl adjoining* 
The spectator who visits each hall and its appendant cabinets in 
due succession, progresses gradually from the earliest CSerman school 
of Albert ilurer and Van Eyck to the perfect develojmient of 
Italian urt, in the works of Carlo Dolce, Titian, and Correggio. 

The Dresden Gallery as far exceiJi in extent the galleries of 
JVIuuich and Berlin as do these that of L<Midon. And yet this most 
wonderful collection is ht>used in a building nearly as ugly a« aur 
own National Gallery* The arrangement of it tor the purpose of 
exhibiting its treasures is however immeasurably syperiiu\ The 
ffaliery is contained in a squEire building, with an inner court; and 
IS there of the form of a holbiw si|uare, which is divided into two 
others by a ijuadrilateral partition, nearly midway between the 
inter walls aitd the sides of the inner court; so that there are two 
quadrilateral ranges of apartments, one within the other. 

Here are none of the gorgeous architectural decorations of 
Berlin, or the elaborately tesselated floors and richly gilded ceil- 
ings of Munich ; but the plainness of the casket is amply compen- 
sated for by the richness of its jewels. A lover of art unaccustomed 
to that pnifiision of pictorial wealth which Italy altme portsesses, 
views itith amazement the enorniouB number of masterpieces which 
the capital of the little kingdom of Saxony poHsense^. The Ma^ 
domm and Child ol' Raphael attract honiiige,' which is not the mere 
hypocrisy of dilettanti-ism: there is a secret magic in the picture^ 
which rivets the attention of the humble artisan and simple country- 
woman. It is before that picture that the greatest throng la seen, 
when on Sundays the gallery is mo>*t acceH^sible to the pnor and 
illiterate; for in Dresden picture-seeing is considered a more suit- 
able occupation for the populace on Sunday than dram- drinking. 

Whole rooms- full of master-pieces of Titian, Correggio, Rem- 
hrandl, and Rubens; perfect specimens of every variety of art, 
from tJio minute Flemish pictures of low life to the loftiest of 
Italian representations of history; from the sweet simplicity of 
Murillo's peasants to the proud dignity of Rembrandt and the 
luxury of Titian; the tranquil sunset of Claude and the wild 
Htorm scene of Salvator Rosa — all are there. The eye becomes at 
last sated, not wearied, with the beautiful; and yet even when his 

i lowers of attention have been exhausted, the stranger feels re- 
uctant to turn away, for I he mere consciousness of being among 
the noblest efforts of genius and urt is a fascination to Ijim. 

It is with a feeling of humiliatiim and painful regret that we 
turn to the degradation of art in the Ltrgest capital tji the world. 
What insufferable sordidness and nerversion of taste are concen- 
trated— ^uiutesseuced — in our Trafalgar Square! Not to ipeak of 



the *'liideous absurdities'* dotted about it — the contemptible fouo- 
tains and monstrous column! what but inevitable necessity or 
a long education in the rules of bad taste could reconcile us to the 
pile in which our scanty store of pictures is huddled? One half 
the building, wretched as it is, is not our own, hut given away to a 
company whose traflic in an annual raree-fihow debars the notion 
from enlarging its collection by purchaj^e or private munificence, 
and compels tlie crowding what pictures we have, withcuit system 
or method, half out of view, into ill-veutilated, ill-plauned roomi, 
or dark underground cellars. 

It has been objected to the extension of the national collection, 
that a general taste for art would render the people effemijiate 
and ultimately licentious; and we are referred to those ages and 
nations which have been most devoted to art, as examples of ex- 
treme profligacy. Let us concede that licentiousness and pro- 
fessed love of art held sway in the court of Louis XIV.; the art 
was as licentious as the morals' of the court, the offspring not the 
parent of luxury. An idle, self-indulgent people like the Italians, 
will encourage painting among other sources of enjoyment; a plea- 
sure-taking Bavarian monarch recreate himself in adorning hii 
capital. What then? does it follow that because vice encourage* 
art, art encourages vice? By no means; for in all instances which 
can be referred to on the subject, the element of self-iiidulgenG« 
already exists precedent to the encouragement of art. But to show 
that such encouragement has itself a vicious tendency, it would be 
necessary to cite instances of its producing corruption where none 
previously existed. Such instances are wanting. On the con- 
trary, we see the honest, true-hearted Germans devoting them- 
selves to music without losing their simplicity of manners (excepu 
ing in those capital^^ where independent causes of contamination 
exist); the bard working Flemings retaining their industry amidn 
the unparalleled fertility of their schocd of painting. 

'I he English are eminently a hard-working people. The pea- 
sant works hard a-field, the country gentleman at sessions; the 
mechanic toOs at the bmra, the duke at public business, and our 
very sportn are severer labour than the daily toil of other nation** 
We rise up early, and late take rest, and eat the bread of careful- 
ness. Is there the slightest chance that the occasional inspection 
of a picture gallery wUl destroy this element of the national cha- 
racter, and render the people inert? On the contrary, the neecis- 
eity for industry is goading them the other way. 

The fact is, that all work and no play is making John Bull 
rather a dull boy. He has not holidays enough, and he does not 
know how to enjoy those he has. He requires more indulgence 
than a lecture on carbon at the mechanics' institute, or the even- 
ing clas^ for improving his mind after work-houis. If extia indul- 
gence be not granted him of a rational kind, he will find it for 
himself of an irrational kind in the follies of the casino and horM 
race. 

The British Mnseum is a growing institution — why should not 
the National Gallery grow also? The British collection of mar- 
bles is not so very far inferior to those of other nations, because it 
receives constant accessions. Even within the last year or two, its 
additions have been extensive and valuable, and the expense of 
ihcui is reimbursed by the nation ungrudgingly. But the collec- 
tion of ancient masters of puinting makes no progress, siinpty 
because there is not room provided for more pictures. To allc|ni 
thitt no more cA^A d'wuvrem are obtainable because they are all 
secured for other collections, is to ignore the fact that within a 
comparatively recent period a large and invaluable collection wa* 
diHgracefuliy'lost to this country and deposited in the Louvre. 
Such opportunities, once neglected, seldom recur; but others of a 
minor nfiture still occasionally offer themselves, and a vigilant 
administration of the Nationtil Gallery, together with increase of 
room, might still render a respectable collection possible. On the 
principle that anv building is better than none at all, an incessant 
din ought to be kept up about the ears of government, until the 
half of the present Gallery of which the public has been so long 
defrauded, has been restored, or the whole enlarged by an upper 
story. Such a superstructure, if designed with taste, would remove 
several elements of the hideousness of the present building. The 
disproportion of the length to the height would be mitigated, and 
we might even dare to hope that the sham dome would disappear. 
The pile might be made to look better— we know that there l» no 
fear of its being made worse; and even if all its worst features 
were retained^why the English are so disciplined in the school of 
deformity, that they would submit to the infliction with exemplaiy 
resignation. 



i 




TflE portion here given forms part of the left wing of a consi- 
derable building', which is a jarooil spet imen of the fine halls of the 
middle age% of which we have «cvpral examples in mir own 
ooimtry. In the north of Europe the Hathhaus, ut Ilatel dti Ville, 
is always among the chief structurea tn any town of moderate pre- 
tensions. 

The building now under consideration dates from the fourteenth 
century, and exhibits the peculianties of an npeti-worked screen uf 
the Decorated style, carried along the whule of the priiuipfil front 
of the building. Thi** is of a particularly pleasing' chnracter, and 
ishowB consitlerQble ingenuity in dej^i^n, and freednm in execution. 
The tracery in the head #f each compartment is carried on a semi- 
circular arch, and the heads tif the windows are likewise circular. 
The details are executed in much the samt* manner as those of the 
Gorr^ftponding period in England; and the statues in the niches are 
those of the reigning dukes and duche*<ses of Brunswick. A mmilar 
arrangement U sometimes found in the cloisters of cathedrak and 
conventual buildings* 



l^f another column will he found the report of the Sewers Com- 
mission on the amended pUn of drainage thoy now propose for the 
metro[iuiis. This speaks for itself, and we need not descrihe it; 
hut we are glad to had that the Lommissi oners have attended to 
the voice of the press, and that one important object is secured — ► 
the non-polliition of the Thnme* in its course through Ihe metro- 
pfdis. 1 be nuisance of the sewers has become so great that it can 
DO loDger be borne, had Sir John Burgoyne or any other of the 

38 



2%2 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



|_SCPR]fRCSj 



Commissioners persisted in upliolding it* The Thames h now go 
much u»ed in summer-time for Bbort, or, as it may be called, 
otnoibus traffic, as to make it highly needful to keep it free from 
poisonous influeoces. All through the season Hungerford-pier, 
cme of the greatest places of tra^c on the river, has heen made 
an annoyance, as a large sewer discharges its noxious contents 
over the mud-flats reaching to the pier; and as the steamboats He 
for a ishort time at the pier and are low down on the water, the ill 
effect to the passengers must he very great. Besides the usunl 
abominations, this »ewer seems to carry the drainage of a grave- 
yard. 

Whether the sewer water will be of much good m 'W'oolwich or 
Erith marshes, we very much doubt* Sewer water, water charged 
with carbonate of lime, or any water, is a good fertiliser; but the 
expense of distribution, and the relative smaliness of the area 
supplied wiJl prevent any great results being obtained from the 
reservoirs in the marshes as compared with the ijuantity of fer- 
tilising mutter collected from the metropolis. 

In our late visit to Edinburgh, we made particular inquiries as 
to the working of the supply of sewage water there, which has 
been so much spoken of among agriculturists and professional men. 
We were informed tfmt the sewage water is not so valuable for 
meadows as for market gardens; and we apprehend the same 
results will be foand in Woolwich and Plumstead maraheii, where 
the quantity of market-garden ground is very small. The value 
of grass laud near Edinburgh is raised by the distribution of the 
sewage water; but the grass Is found to be very rauk. 1 n another 
point of view, the application of sewage water is found highly 
objectionable, for whereas the aggregate agricultural benefit is 
small, the dispersion of the sewage water constitutes a fearful 
niisance. W^hen the wind at Edinburgh blows from the east over 
the meadows, it brings the most noxious odours; and this must be 
the case to the inhabitants of Greenwich, Woolwich, Deplford, 
and our eastern suburbs, if newage water is used iii the marshes. 
'I'hus all the usual evils of an easterly wind are aggravated. 

Not only is the sewage water jin annoyance to the people of 
Edinburgh, but it is said to be a cause of disease to those living 
in the neighbourhood of the meadows, so that many are in favour 
of introducing the Health of Towns* Bill^ in order to have power of 
graopling with the nuisance. 

While we are pleased with the prospect of the purification of 
the Thames, we cannot help feeling that much remains to be done in 
a sanitary and economical point of view. The entering of the 
waterclosets into the sewers has converted the sewers into a much 
greater nuisance than they used to be thirty or forty years ago, \Fhen 
no entries from vvaterclosets were allowed to be made. The introduce 
tion of fecal matter into the sewers brings noxious gases into the 
houses, and the water which is spent for washing the waterclosets 
acts to decompose the fecal matter. The waste of water is not the 
only economical loss, for there is a waste in London of a quantity of 
manure which would be equivalent to the growth of at least three 
million quarters of corn. While this fecal matter is sent into the 
sewers, Fieither large nor small sewers will work satisfactfirily. 

How this is to be remedied we are not prepared to state; but we 
think the attention of architects and engineers should be turned 
to the subject, with the view of determining on the best means. 
Several partieh have proposed dry closets here; but we are given 
to understand that mainly through the exertions of M. Gauthier 
de Ciaubry, a member of the Council of Health at Paris, a system 
of dry clohicls, witlj the application of deodorising substances, is 
extensively and satisfactorily applied at Paris; and that under the 
direction of joint-stock companies^ very valuable manures are pre- 
pared for agricultural purposes, yielding a large pr^jfit. This 
system of /oa^'j* inobiie4f will be found briefly explained in Weale's 
l)ictionary of Terms, 

Sewage water can only be applied to a restricted area, as the 
Edinburgh meadows or Woolwica marshes, and it will not pay for 
transmission to a distance; but solid mauures can be sent even to 
the Indies, and admit of distribution over a wide extent of country, 
A ton of solid manure is of some value, and will pay for transit; 
but a ton of liquid manure is worth little more than a'ton of water. 
The economical end to be obtained is, therefore, to get the munure 
in a solid form ; and on every ground, if practicable, it is desirable 
that it should be collected at once, and not be washed with water, 
and then separated at an expense. It has been supposed that 
lieodorising compounds lessen the fertilising properties of manures, 
though (t is asserted by M. dauthier that the system adopted at 
Paris and Lyon is found by experience not to be prejudiciiil. 
However it may be, the ojieration of water on night soil is de- 
cidedly ohjectiouEble^ 



At Paris the night soil is not being washed into the sewers, and 
in preference, they are emptying the ceaspools by the pumping 
apparatus; but even then, mstead of doing as our Commissioners 
of Sewers do, turning the night soil down the nearest drain, it is 
carefully conveyed to the works of the manure companies. 

It appears, therefore, most desirable that the attention of all 
parties should be directed to the sewage system, with a view of 
accomplishing satisfactorLly all the objects de&ired. 



METROPOLITAN COMMISSION OF SEWERS. 

At Ihe laat monthly general Court of Com miiti oners oo the 9th ntt., at 
Uie central office, Greek*street, Sobo> the firit portion of the geaeral plan 
Jor the drainage of the metropolit vrai brought forward. 

Mr. Woolrycbf the lecretary, explained an importint error that appeared 
in the public reports of the proceeding! at the Metropolitaa Court of S«wen, 
hi^y OR the 28th of Februiryr an error wbieh hti a material bearing upon 
Ihe observAtioni made upon the general condact of the buiineft of the eom- 
miAsion. The item in qiie«tiaii ia thut dejcribed t~^* Paymeoti for booJtt^ tur> 
veja, management, &c., 83,316/. 3f . 6d/ The error alluded to consiiti is the 
use of the word Ltniks instead of workt, the item being described la the 
acGouDts presented to the court as payments for workii surveys, manage- 
meat, Sec* 

7%€ Drainage qf th€ Metropotii, 

The committee appointed by the General Court to ttko into coniideratioo 
Ihe generil drainage of the metropolis, aad report thereon, determioed to 
divide their labours into three distinct portions, or rather three disiind 
rif{]orts ; ikejirtt to consist of a plan for Ihe driinage of the iouthern side 
of the Thaonet; (he tecond to conaiiit of ft pltn for the drftinage of West- 
minstur ; and the third to be a plaa for the general drainage of the meiro* 
poUa north of Ihe Thamei, The committee determined to take the drainago 
of Ihe southtro portion Qrst into coniideratton, as its requLrementi seemed 
to them to be more immediately pressing than those of any other diitrict. 
The following is the engineer's report on the Surrey Drainage :— 

'*Id ob«(Meuce to [ottrucUona which I tuiil Ihe botiour to rpcrlve from 7011 on IheCNJi 
tilLi I Doi^ proceed to furntih n report and v»tliDate for « compkte •yttem of drsloigc 
lor the SufTi*; tod Kent dlitrtcbi, Includlnf eiteniire oiterailoiu In the IndtaaUQo of 
exlftttng Mw^rt. 

<* NotwlttutBiidlag the Uboar an!) lnK«nultr dttplnyed lo edbdt of the plana for t^e 
dralnaf* of the tDetropoUa Bent in Iaji y^r— aoiue of ntilch, aa you atated \n yuur report 
of Ibe Hih Qt Ifardi, dealt ably whh the gtoeral drainage qd th« north aid* of Uw 
^Fhamei— I hav* b««ii, aa yoa iire well Avrare, in laylog out the plaji ot drmiDa§« for tlM 
ioutb tld^t able to dtrlre little or no prutlcal aiallBtiDca ftom miy of tbero, which la to 
bi* BccouDied for, doublleaa^ l^jr tht neceaurllr iSefeetlve data on wbich thry were t>aaed, 
owini^ to tlie imperfect nature of the Informallun which It wb,b ihra Iti tbe powvr of the 
cuirmlftiioaen tu eupply to th^tr vnrtotia aiithora ; but I feel It my duty to ftck^oowledgra 
Id the outlet the rety valuable aafttstauce I hAVo re^celvcd from plana and Btintgn tfoot pr«. 
pared, after cODtuUlng the block plana and aublerraoeao lurveya, by a member of your 
bononrablf eommlaalon, who kindly placad them In my banda during the preparaCkMH of 
the plao 1 hare aow the honour Ui submit. 

** Id druivlag up thla report I have, under yatir laatructlaoa, adopted the folknrlof 
prlactplra for my guidance:-^ 

'* 1. To k«rp the lUvftr Tharoea free from sewage at all tlmea ot the tide ttom Wool* 
wieh-reach upwiirda, 

"2. To aboiiih all open dltchea and ctupoola, aa well aa defectlTe, ahaliow, or hJgb 
level af wers. 

" :!. To malntalci a conUnual and ttnlDtertnltllng flow, with the aid of HfTi where i>e<«a- 
aary, Id all the aewera along their whol« length, by which the evila ariiiois from pe»t-ap 
■vvroge—rit.. the gcneratloD of nuxloua gaae« and the< uoBvoldable fomiatiua of deposit 
Id the sewer durlng^ its itagDBtlon— mnv lie avoided. 

** 4. To coDntruct the aewera at Inciloationi io proportlooed to the Tolume of fliiUI so 
be carried off hy each that the velocity of the current ahall k««|> iheoi clear of depoalt 
wUbout the need of reg^ilat periodical Auihloff, which experience bai thowii to be not 
only troublesame and ejcpeunive In Ita operation, but aiau rerykijurloua to the lewut aud 
drains In which It La practlied. 

**6. To form the tnain tewera at auch a depth ai not only to receive the dralnafrof 
the deepeit existiug lewen, but to aniwer the purpoae of izial>a drain* capable uf eatfo- 
Hiou iJ!>warda the extreuiltlm of the dlttrlct* 

'" d. To prorlde a n^iiurul efcape by the power of gravity alort* for atonn watrra and 
Iavk\ docida ludepeodf^at of the ordinary aewera^ whoae L-untenta will uti the aouth aide af 
the Thames require artSliclully liftlogt and to construct the a«w atwera of auch tdea oolf 
aa may bo tulfiLteiit to take the treoerat drainage of the dlatrict, indudinfi; ordinnry rain 
lalli connecting th^m at about aioau low woter, wlih outleta for bauvy flooda. 

" 7. To folloiv exlatixig public atretfta^ raadi, or patha, ao *a to avoid heavy cOEiip«na«- 
tlon for Injury to prjvnte propt^rty whenever tbtt caa be done, without cauaing injirioua 
curvM or undue prolongatian 01 th«} aewera, ajad eons^^qiient loot of level. 

" d. To extend the ramidicatlonf of the lewera after the main line* arc completed Into 
all the «tre«ti at auch deptha and with auc h inciltiatlona aa bo give perfect aelf.cleaaBiDg 
Btreet dralDage, and the opportunity for efficient houae draina^. 

** Tha following ia a general outUjie of the meaoa propoMd to cflect the objecla abofc^ 
named : — 

** I beg to racommend the top of Wool wlch- reach aa the point for deliverlog Ih* 
lewage Into the river, becauae I believe that the matter ao delivered at and aatr bleb 
water, and to tha centfe^ and at the boLtom of the atream, will not rlae Ut tile »iirraec,a« 
a« til inconvf nieucif the Inhahlitaiita of Woolwkh. If, however, It ahouHd be deecDc<l ex* 
p dieot, either for agriciltuml purpoaea or for any other reaibon, to convey the aewagv 
below Woolwich to aome point near Krith before ita dcUvcry toio the Thaioei, It may be 
elTtctedby meaoa of iron plpei acroia the niamhea and ihrtiugii Woolwich, to t^eauppUed 
by an eoglue and itandhig pipe erected at or near the Woolwich- road. Dear Greenwich* 
gate. 

" Commencing with the outlet at a point d mllea helow London bridg«t U la propoocd 
to form a double reiervolr capable of holding at leaat 24 houn* drainage, covered over, 
and elevated to iuch a height aa to dtacharge the whole of lla contenta at high Maier, 
deltverlog them by meani of pipes near the middle and at the bottom of the river. ll>e 
lewagc wiU be lifted Into the reaervolr at thia point (by ineaDa of an engine) fro«B th* 
roatn tewer^ the Invert of irhb h it propoacd to be at about mean low iritcr, aod 19 (eK 
below Ute turface gf the majihu. 
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** Hence the eourtc of the moln lewcr w\\\ b» t.rrntt Greenwkh msrihet, along Wool* 
widk Lower' road » Tnfalga reread « and Roan itr««t, lo the RavvDtbourne (where thete la 
|»eo|M«ed to be a tin not exceeding *J* feet) 5 paaaet untirr the Klver Eavenabotirne put the 
cumcr of the Trioflr AimahouMi, croulog Uniou-atreet and Biidge-roiv or Collier* 
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"TbU lift a.fKl than I propose to place completely under cotet, and to coofiect nith 
the chtmoey of the ■nkoke'Convucnln; furnace of the entflo* *ll the paata^i from whkti 
Koy gaaet tould escape from the arwrr. aod I fc^el perfecUjr coiitident tbiit tvlth theie pre- 
csijtlona the poaalbUlty of any annoyance being caused to the neighbourhood i^ay be 
obviated. 

** I menUoned above that U irat not propoaed that the enfiuea thoulr] have to rntae aU 
th« ilofm iratera or land dooda; these will be provided for In extraordinary casea by the 
foaresUUnf ouU«ta— vU., the Elfra, the Eart, t^ie Dtiffield, and M. John setPrera* and by 
mesas of reservoirs and a diversion of the upper psri of the Kffra to keep the iow-lylng 
and thickly inhabited part of ibt dlitHci free from flooda, 

"From Collier-street a Une which may by callt^ the * •ontbern main lloe* dlverget: 
the * Dorthem main line* pasalni; aiung the t<o«rer iJeptford mad to the creasing of the 
£arl sewer, frotn which point it iiniiirs Into a north westerly direction* and In a atralffbi 
line tonrarda St. ilamea's church, BermondieYi thence along Progpect-place to Doekhead, 
and thence to Gal nsford. street and Tooley-strei.*!, where It eialtea nith the great dt. 
iahn'a aewer^ with nrhich are connected the Battle-brldfe an'i its various branches ; the 
locUnatiofi o( the netv seuer for the whole distance betM^ at an average rate of about 44 
fceC per rollet somewhat teas near the polat of discharge* lomewbat more of coorae aa 
tb* volume of fluid dimlnlshea at each nccesflve ruintfiiatioTi of the sewers. 

*'E«tanilog to the diverpeinf point at l>e(itfard, the courae of the ♦•outbern main line* 
trill be by Loving CdwardaManeneirly in a straight line with Did Krnt-road at Hatebatn, 
•ioiiK the Old Kent-road to Surrey Cannt bridge, which la at the point of diverg^Dce of 
■n ]nt«nTie)liate main line to be aAerwarda dt'icritied; the lotithern main line wlU 
pioceed by Neat-slreet aj»d Albany^road In a strnlKht line acrosa to S;, Markka -road ^ 
ami by Camberwell New-road to St. Mark^s Church, Kfnnlagton^ If ere It will paas 
under the Effra sewer and by a connection therewith will receive Its ordinary nin of 
dralnAuei the floods of the EfTra bdng provlJed for by a relief Hue about 12iiO ysrdi 
Ionic, paaalng along the Oral and Harleyford. street to Vauxhall. creek— the present npea 
ana nott oifenajve portion of the JCtTra from Kennlngton-road Co Vauxhall being filled- 
«p and abotlahed. 

•♦The level of the ioiitbern main line at St Uark'a Church would be about I'O or 
neaurly ? fret below the deepest sewer exlatlng there at presFUt* and wdl afford unescep- 
tioaable drainage for Stockwell and Clapham, BHiham-hlil, and the whole district lyln^ 
between Brixton-road and Wands worth- ru«d« 

"The course of the * intermedlste line,* diverging at the Surrey Canal-bridge, proceeds 
•loof the Old Kent-road to the nrtcklayer's Arnis, nheie It vrill divide: one arm paasea 
»loug the New Kent-road to the Elephant and Castle, where it wUi receive the drainage 
of the Walworth and Kenxiirgloti ruada and a portloa of London'road and Bt. OeorgcV 

*• The other more DoKhera arm of this Intermediate aewer proceeds from the Brlck- 
lafvra* Arms atong part of the Daver ro»d and Trinity atieet, croii«i B I Kckmnn street, 
cQollJiulng alotig Great SuffoUe-atreet across iioulbwark'.bridge.road, aFong ^uffulk stieet^ 
aceoaa the end of Gravel-lane, through Mel son square, to Rowland HlU'a chapt^l, at 
which poiot lU level will be 40, being about 1 ft. 2 in. below the Battle bridge aewer. 
This Intermediate main hoe will be 2k miles in length from the Surrey Canal bridge to 
Eowtand Hill's Chapel — one half of It through streets at present wlihont deep servers, 
and one-haSf along the line of an existing deep sewei, for which It will form a sultlU 
tnle* mad the cnarv southern arm passing up to and dividing at the Elephant and CiutJe, 
ftlMnit ODfl mile In lengthy aiong the lines of existing sewers. The Inclination of tlie 
proyoMd new lines varying at the dlfcrent paru of the fewer aecordlng 10 the bnuichet 
tecaived on the principle above mentioned. 

**Coiueauent upon this jntermediaie main line being carried Into the middle of the 
^opulons dlstrlcti will be an alteration of tlie levels of above six miles of existing sewera 
In the (tallowlDg streets— viz.. N*w Cut, Cornwall- road, Waterloo- road, Uoruu^h road, 
NewlsgCOD-caosewayf Weatmlnster bridge road, Lambeth-road^ Westmiosler-road, part* 
of Loadon.road, and St. GeorgeU-roatL This will Involve in addition much jilttfration In 
lecoodary drains and In house druina^e; and 1 cannot quit this part of tbe subject with- 
out again su^gesilng to the commSaftloners the expe<lieocy of ivatching «n<l testing the 
worklr>g of the present main drains as eot^m as tbe main st>wera are lufficiently completed 
to do so, before they proceed to the extensive allerationa in the existing sewers which the 
cODieroplatcd Interfereace with them will Involve. 

** t beg DOW to lay before you my eatlmate of the cost of draining tbe district aceording 
to the system above described ; but before doing this I would observe that in drawing up 
this report end these estimates^ I have thought it desirable to put down the outside 
aniount of lift, of depth of drains, &c., in order that If there be any error it may be on 
the right side<^ In tbia estimate 1 have neither Included compensutli:in for passing 
through or under private property^ which, however, from the lines adopted In accordance 
with tbe Principle you laid down, wid l>e eotnparatlveiy trifling, nor tbe cost of the de- 
lalled drainage, to estimate which wltf be a work of much time and lengthened inquiry. 
In any case this will involve a c-oi.slderable outlay, but as it la dependent on the settle- 
ment itnd partial cooiDletloD of the main drainagir. It would hsve been premature to go 
int4» it here; neither have I taken Into account the cost of extending the »ysien> ofdraln^ 
a^e into the suburban districts — a provlalon which It becomta daily moie imperative to 
izkaJre. 

E»timaUi of coM <ff §]ftt€m €^v€ (kmrQted. 
MUM. Fur. 
Main Crunk drain from outlet In Oreenwtch 
mashes to the left at the Raveoibourot 
Keiervoirs and outlet- pi pea .. .. 

Pumping engines and apparatus^. 
Prom the left at the Ravens bourne to a point 
near S t . J amei's ch urchtllc! rmoiulMy, north 
main line . , . . . , .. , 

Exteniion of north main I'ne from St. 
Jamea's church to the (ireat St. John Sewer 
South Main Line from Colller-atrert, Dept* 
ford, to St. Mark'a church, Kennuigtoa 
Flood line of Effra 

Intermediate main line from Surrey-canal 

bridge, with northern arm to Rowland 

Hiirs chapel .. 

Southern arm along New Kent-road .* 

AtteratioD of existing sewers to connect 

with the fntermedlste moin line, &c. .* 

ElTra flood line diversion by Peckham 

*■ To the Hon* lletrapoUtaji ComtniaiSonera of levers.'* 

Mr. Stiphe?ison, at tbe conclusion of reading; llie regioTt ind in moring 

iti adoption hy tbe Court iild— *' I think it desirable to eiplaiu to the Court a 

few of the prinHplea vrhich actuated Mr. Foriter in devising the plani which 

are now upon the tahle^ and tbe reaion» whicb guided him in layiig them 
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down* Before commencing tbe contideration of theie getier&l principlet^ 
however* allow me to say, in reply to 50 me complaint* which hai?e hecn 
mtde out of doora respecting the gri^at delay which haj taken |ilace in pro- 
posing any general plan for the drainage of Londoo, that the public muit 
l)ear in mind that the commiuion his not been more than 10 months in 
existence^ and that tome of iti membert eame into it qriite freih — tinac- 
quaitited with a great number of the localitiei of London, and ahBoUuely 
tinacquainted with the complicated tyaitim of sewage existing* to the extent 
of nearly &00 milei. In addition to this, tbe underground suryeys were in 
a very incomplete tiate» and no one could venture to say what general plitn 
otight to be puriued at that time, as it was dangerous to commence with 
any one locality, for fear of interfering with the ultimate chance of succe««t 
London, howcTcr, divides itstJf iidturally into two diilrict* — north and 
aoath, and after the eoniniiRiion had examint*d genenilty the condition of 
these two districtf, they found that Bcrmondiey, Lambeth, and South wnrk 
were infinitely worse than the north side ; to thai port i on » therefore, they 
have directed their attention, nlmnst without cessation, during tbe last few 
months, I am glad to see these phna upn>n the table of the Court, haifiog 
In view the establish ment of a complete and perfect syfttem of drainage for 
this district, which extends over nine square miles, three of which are from 
6 to 7 feet below high.witer mark. The whole eij^bt or nine square miles vary 
from 2 to 6 feet under high- water mark, ll will be apparent that to devise 
a system of draitiage for this locality is a work of no iacon&iderable difficulty. 
Tbe locality may be said to be drained only for four houra out of the 12, 
and daring those four hours only very imperfectly. Tbe sewera now empty 
themselvea into the Thames at various levels, and whea the tide rises above 
the orifices of thote sewers, of course the whole drainage of the district is 
stopped until the tide recedes again ; thus the whole system of sewers in 
that locality may be said to be but an articulation of cesspools. Tbe com- 
inission commenced the consideration of this subject with a sincere desire 
to accomplish the droina^^e by natural meatis, if possible ; but it soon became 
apparent that theae sewers, which were subjected for eight hours out of the 
twelve to a slate of stagnation, acquired a settltmenc of solid matter which 
required even a more eitensive system of duihiitg than that which we now 
pms^4S. It hat been proved by the last few years that even Clushitig, under 
such circumstauces, it not efficient, and the tebdenciei in these sewers to 
form a concrete of bard subitanirea is sucb as to render any current of water^ 
however rapid and coculant, quite inetfcciual. Under these circumstances it 
hecatae apparent that the commission must resort to artificial meant of 
drainage, and ptimpifig by steam appeared to l>e the most economical and 
tbe most efficient plan. Mr, Forster therefore proposed the establishment of 
a steam-engine at the Ravefifhourtie to lift the wbole of the sewage of the 
district to a height of 20 feet, and by that means a current would be estab- 
lished so as to maintain throughout the whole day, without cessation, a cou^ 
St ant flow, atid Ibe solid matter which now forms the a abject of complaint 
would be carried* oiT. The expense of ptimping may at first appear to be 
very grt^at. I thought so myself at the commcnceinent ; hut when it was 
reported 10 lue by tbe ofilcera of the commission, that the cost of flushing 
and the cost uf removing this solid matter now concreted at the bottom of 
tbe sewers would be very great, and that the cost of pumping^up tbe whole 
of the sewage matter would cost less money, I thought that the system of 
pumping, as applied to the south side of the Thames, appeared to be entirely 
iijtbout objection. I will not now go into tbe details of tbe works, as Mr. 
Forsler has already explained them; and I ihall move that Mr» Forster'i 
report be adopted, and ttiat the works therein recommended be carried out 
forhwith.'' 

Sir JoHM BraooTNK satd : After the clear and full statement made by 
Mr. Stephenson, it it not necessary for me to go into any of the matters or 
details connected with this report, as it would only lead to confusion, It is, 
however, satisfactory to know that, after the consideration given to these 
general principles laid down in Mr. Forster's report, the commissionen arc 
uuanimoua in adopting them ; and that, with regard to detaili, there is no 
difference of opinion amongst ua« I think that no dissatisfaction can be 
expreeted by the ptiblic at the systam which we propose to adopt ; and I am 
glad to have an opportunity of expressing my own full coactirreoce in the 
report which has just been read. 

The Chairman : The Court has at last succeeded in coming lo a latisfac- 
tory aolulion of this very difficult question, aud I was never more rejoiced 
thin I am now to find that we have substantially brought it to a cajy^luiion. 
I must remind the Court, however, of clause 17 in our act, which providca 
that no law shall he considered formally enacted by any court unless notice 
is given of it previously. 1 think, therefore, that we bad better consider 
this day's proceedings merely as the required noticCi and formally adopt this 
report at a future special court. 

Tbli was agreed to without remark. 

Mr. Ha WES said : In reference to the prompt execution of these works, 
we are now in treaty with several persons for the loan of sufficient money to 
carry them oat. We shall require about 2 SO, 000/., to be repaid in 30 years 
by 30 instalments; principal and interest. The expense so divided will 
amount to about 2d. in tbe pound. 

Mr. Hawks, in answer to a question whether it wai compulsory upon 
landlords to drain into these sewers when they were formed, said, tbe Act 
compelled every bouse within 100 feet of a sewer, to drain into it; and care 
would be taken to have a aewer withio 100 feet of every house. 

38» 
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PHOTOGRAPHY, 

Phfytogrnphxf on Gelatine : — Means of obtaining lyery ekar and vcr^ 
Trajtspareiti Nfffntive Pnyofs^ cnpahU qf being iran^erred a great 
nuing tinier on ordmnry Phtjtf/graphk Paper, By AL A. Poitevin,* 

In order to prepare the layer of jcrelatinc on which I make my 
neffative proof, 1 dissolve in liK) ^ranimea of water 6 grummes of 
g^efatine of g:ood quality (thnt which is met with in commerce, and 
which ia used for preparingr jellied for food succeeded hestj« This 
^ize should not contnin saltii soluble in water; it should also be ns 
free as possible from fifitty matters. To make the solution, I steep 
the fi^elatine in distilled water for 10 or 15 minutes; I slowly heat 
over a i^pirit lamp, and ag^itate cuntinu&lly until the solution is 
complete. If anj* »cum forms, I c*tre fully remove it by means of 
blottinir paper, which 1 draw over the surface ; 1 strain it throu^fh 
a very line cloth, previously damped, and I again skim the surface 
on which a few striae form, arising, doubtless, from fatty matters 
which escape the first skimming. 

The gelatine bein/^ thus prepared, I take, with a p'aduated 
pipette, a determinate quantity, and I run it over a very even 
plate of glass placed horizontslly; a layer of I'^Omm. is {sufficient; 
this quantity i;* equivalent to nearly ^0 centimetres of sidution for 
a surface of half a plate having I3'5c. or 17*5c. A thicker layer 
would not be iojunous, but a tbinner one might present some in- 
con veniences. 

Before nmniog the gelatine on the glass plate, a thiyi layer is 
applied to it by means of a cluth impregnated with a stdution of 
gelatine, rather more dilute than the foregoing; afterwiirdt*, the 
gla^s plate is gently heated by means of a spirit lamp ; then the 
solution of gelatine in run on, and flows uniformly over the plate. 
The under side of the glass olate is again heated, but with modera- 
tion, in order to give fluidity to the gelatine, and is allowed to 
cool. 

The pkte being thus prepared, I plunge it into a solution of 
acetate of silver, keeping the surface covered with gelatine under- 
neath, and inclining it in the solution until the latter has com- 
pletely moistened it ; 1 then turn the glass plate and immerse it 
completely in the solution; then I pass a very soft pencil several 
times, and in different directions, all over the gelatinised surface, 
in order to dispel the bubbles of air which may adhere to it; and, 
before withdrawing it, I blow on the surface to ascertain whether 
the solution has moistened it all over. I then remi^ve the plate, 
and holding it somewhat inclined, 1 pass the pencil already used 
over the whole surface, taking care to cover tne edge of the pre- 
vious stroke with that of the following one* I then dry the under 
side of the plate, and phice it horizontally until the surface is dry, 
which requires five or six hours. 

I ordinarily prepare over-night the plates which I intend to uae 
un the following morning, and in the morning those which 1 mean 
to one in the evening. It is important ihat nn free liquid should 
be left on the surface of the plate when it is required lor use, for 
the preparation would be removed at the places where any re- 
^ jxiained. This preparation should be made out of the solar light, 
' Tlie plate covered with the solution of acetate of silver should be 
kej^t out of the light. 

The solution of acetate of silver is prepureil by making a satu- 
rated solution of acetate of silver, to which half its bulk ol water is 
added* Admitting that UK) parts of water dissolve, at the ordinary 
temperature, 0*5 gr. of acetate of silver, to prepare 0*750 lit. uf the 
solution which 1 use, I dissolve 2*5 gr. of acetate of soda in 13 
grammes of water; 1 likewise dissolve 3*03 gr. of nitrate of silver 
ia 10 grammes of water; I add the solution of nitrate of silver 
to the solution of acetate of soda, and I receive the acetate of 
silver which is precipated on a filter; 1 wash the precipitate in a 
stream of water, then I pass through the filter several times 0'50 
lit, of water; almost the whole of the acetate of silver should then 
be dissolved; I afterward* add 0^26 lit. of water to the half litre 
of saturated solution. 

In this operation 3 grammes of acetate of nilver are formed, the 
i>'75 lit, should contain only 9'50 gr., but I put in a little more of 
it to make up for any that may have been lost in the water of the 
^utions and of waishing* The acetate of silver being very easily 
jiUered by the solar light, I make this solution as far as possible in 
a dimly-lighted place. I preserve it in a bottle covered with black 
priner, and filter it every time I use it. 

J expose the plate prepared as above described to the vapour of 
iodine, in the same manner as a plate of silvered copper; only, Jor 
tfiis exposure, account must be taken uf the time, for we cannot 



judge of the tint on the surface, only the time of esrposare a 
shorter than for silvered plates. The iodised plate is placed in 
the frame of the camera obseura, and then I cover the side which 
is not gelatinised with a piece of card-board covered with black 
cloth. U is good to allow some time to elapse between the iodiai&f 
and the exposure to the focus of the camera; the plate thereby 
gains in sensihtllly. 1 have sometimes used plates five or six houn 
after the iodising; they had lost nothing of their senaitivenesa. 

The sensitiveness of these plates ia about one-fourth of that of 
plates prepared with iodine and bromine. For a landscape with 
much light and with an object-glass with a small diaphragm, the 
exposure in the camera may require from HO to 100 seconds Por- 
traits, with strong lights and shades^ may be taken in two minutes 
with the portrait object-glass. I have tried the effect of the 
vapour of bromine on these platea, and have found that it renders 
them more delicate. I have not made sufficient erperimenta to 
have certain data on this subject. 

In order to make the image appear, I plunge the plate into a 
solution of gallic acid containing 0*1 gr. of gallic acid id 100 
grammes of water; I leave the jiroof until the shadows appear 
suflicieutly intense. This immersion may last an hour or an hour 
and a hall. With a more concentrated solution of gallic acid, it 
would require a shorter time, but it would be more diMcull to 
regulate its action. At the commencement of the immersion, a 
positive image is formed on the surface of the gelatine. This 
image becomes more and more dark; but, on looking through it^ 
the parts corresponding to the shadows in nature reiaain verf 
light. 

To fix the proof, it is washed in ordinary water, and then lefi 
for about a quarter of an hour in a solution of 1 gramme of hypo- 
sulphite of soda in 100 grammes of water; it is agiiin wasbeaia 
ordinary water, and it is steeped for the same length of time in a 
solution of 1 gramme of bromide of potassium, in 100 gramiDAtof 
water. 

I wash the proof with ordinary water, allowing it to remain ia 
it for fifteen or twenty minutes; then I wash with distilled water, 
and allow the layer of gehitine to dry in the open air. It is then 
a very clear negative proof, capable of giving positive proofs, with 
ordinary photographic paper, in the sun, in from ^ to 10 minuteii 
according to the vigour of the negative proof: it also comoi tVf 
well in the shade. 

It is well to renew, at each operation, the solutions of g^allic acid, 
hyposulphite of .soda and bromide of potassium. 

In this operation, if the solution of gallic acid be replaced b? a 
solution of sulphate of protoxide of iron, very beautiful positive 
proofs are obtained. 

Phfitographif on Paper. — 3£eam of obtaining the Tnmge in the Csment 
Obncura on Dry Paper. By M. BLAXQCART-EvaARO. 

To render the execution of photography on paper simple, sure, 
and easy to those least experienced in chemical manipulations, 
fchould be the object tif the etf(»rls of those who wish to bring this 
art to its most useful application in industrial economy. The first 
condition for entering into this new order of things, is to rid the 
operation of the care which it requires at the time of the exposure. 
\Vc open the way by giving here: — 

I. The means of operating on dry paper, instead of damp paper, 
freeing the operator from the difficult preparations which he nasto 
nirike at the places of exposure. 

^. 8o simple a mode of preparing this photogenic paper, that it 
may be manufactured and sold to the amateur who does not desire 
Ihf? trouble of preparing it himself. 

I'lie papers prepared by the means hitherto described could not be 
brought to the ury state without afterwards taking, under the 
action of gallic acid, an uniform coloration which would e€Ace the 
photog^enic image, and cause it to completely disappear. S^runt 
has the property of obviating this inconvenience ; the following is 
the mode of preparation to be adopted: — 

Collect* by filtering, the clear part of milk which has been tamed, 
and beat up in this serum the wiiittt of one Ggg to each pint, then 
boil irj order to remove all the solid matters, and filter again, after 
which dissolve without heat 5 per cent, by weight of iodide of 
potassium. The paper to be prepared must be very thick and 
titeeped entirely in the liquid for two minutes, and afterwnrds dried 
by hanging it, by means of two pins, by two of its oorners, 10 S 
line. 

This preparation is made in the daylight without any particular 
precaution ; the paper is fit for immediate use for vix months after* 
mod certainly after a much longer time. When it has to be used 




Beal« of £l0rfttioD. 

Thb "^Vliitby Biink ta a very good ezainple of a tmall branch 
bank in a district yieklin^ stone. Such a buildiirg requires accom- 
modation for the rei^iflence of the officers, and consequent safe 
cusjtody of the property, aa much aa room for the business. Indeed, 
the banking office need not be very large, either for clerks or 
cuatomerfi, in a small town. A br^inch bank must bring {%% BihS 
witliixi close compass : the manager is Itkewiae clerk and custodian, 
mad it la found economical to provide bim with a reiidence. It is 
othervrine where the banking business is very large, for there the 
domestic part of the building ib Bmall^ and there u more oppor- 
tunity for architectural diaplay^ and a large hall hecomei the 
diatinctive feature. 

TTie arrangement of the Whitby Bank is peculiar, and will he 
intere«tlng to our readers, who will aee what the architects hav# 
been able to do with an ungainly site. Thev have, it will be seen, 
giTin to their front a curved iweep, which has the ef ect of com* 



muntcating to it a peculiar and marked character. In the interior 
the banking office is irregular on the ground plan, hut the ceiling 
is elliptical ; and the retiring room behind it, likewise peculiar in 
shape, is made symmetrical in the floor and the ceiling* 

The building h of stone procured from the neighhuurh(K)d, and 
the dressings uf the doors and windows are rusticated. The win- 
dows are for safety provided with Bunnett and Corpe'a iron 
revolving shutters, and the safe is under the counter, and descenda 
into a vault in the lire- proof basement. The safe is moved up and 
down by an hydraulic pump, and it contains all the cash drawers 
and the bank books. When down in the vault an iron door closea 
all. The total cost of the building and fittings was 1600/, 

The architects were Messrs. J. B. aad William Atkinson, of 
Y«rk, 
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NEW PARISH CHURCH, SWINDON, WILTS. 



The annexed engravinjer is a view of a new church that is now 
in course of building, under the superintendence of Mr. Sctitt» 
The Kituation is an elevated spot near the town of Swindon, Wilts. 
The biiiJdin^ is of the Decorated period^ and constructed with 
stone, the dressingi* bein^ of Bath stune worked^ The total 
len|2rth of the church is 145 feet ; breadth &5 feet. Transepts 
80 feet long^ and *^i feet wide; hei^rht from flimr of jiave to top of 
ridge of roof, 50 feet. Tower, 24 feet fii|iiBre; and height, inciud- 
jnit «pire, 145 feet. The church will i:onl»in 926 BittiiigH, and tl- e 
cost between titKlO/. and 7000/., raiiied by vohintury sub&criptitins, 
and a grant from the Incorporated (.-hurch Building Society. The 
contractor i^ Mr. George Aiyers, of the West minster- road, 

fft BRITISH ASSOCIATION. 

8$kctkm9/rom Papers read at the Meeting held at Edinburffk^ 
Auffust^ 1650. 
AKCIE^T QMrlKcr,. 

Nfiiicet of 9mne additum4 made to our knottiedge of the Ancient 
Orftk$ 6y teemt discot^eri&i in Greece, By Professor Raxoabe, of 
Athens, 

TifEse eiints one subject — one in parti cnlar — by which I may 
venture to sav that Greece must excite to the hi^het?t the interest 
of the learned — namely, that of her ancient monuments, which can 
never cea^e to be an object of universal! study and admiration; and 
1 may, perhaps, all the more hope to be heard with indulgence, 
while I attempt to give a short account of the principal fiicts with 
which the science of archaeology has been enriched by the disco- 
veries made in Greece since her affranchifiement, that it is to the 
learned investigations of British anttcpiariiins in particular that is 
due most of the knowledge we already possess of the Hellenic 
monuments. Like those towns of Italy which reappear in their 
ancient splendour when their covering of lava is removed, Ci recce, 
as soon as she had $;haken ufT the slavery of so m^ny cento rie^, 
ofiered to the admiration of the world the innnnierable treasures 
of her antique beauty; and her monutnents, after having" seen so 
many barbarian conquenirs pass over their ruins, and after ha vinj^ 
been so often ejt posed to destruction, and after — may not I, Mhojse 
days are passed among the mutilated remains of the I'arthenon, 
be permitted to «ay so? — the severe damage inflicted on them by the 
too fervid zeal af a distinguished amateur, became cKoce more the 
objects of a renewed worth ip, as soon as her freedom had rendered 
Greece accesiiible to all, and an enlightened government, aided in 
its effojts by an archwological society, had restored them to light. 

Among these monuments there are many which cannot fail to 
eicdte interest in the nio?^t indolent imagirmtion* They are those 
which bring us back to tinier which we are accustomed to see 
thn^ugh the prism of jtoetry, and which disclose to as at a period 
antecedent to history, a powerful civilisation^ — which we find indeed 
in the song:* of Homer, out which we are rather disponed to look 
upon as an effort of the sublime imagination of that great genius 
or heroic time. 

Before the emancipation of Greece, the traveller, gazing in 
wonder on the gigantic whHs of Tyrinth and Myceuie, was inclined 
to ask if their constryction was not rightly attributed by fable to 
anperhuman workmen; and, in order to complete the first page of 
Hellenic ethnography, illustrated by existing monumentSs, he was 
obliged to have recourse to the Tyrrhenian towns of Italy, 

But the country of Agamemnon, now more easily traversed, and 
more carefully explored, is fi>und to be covered with a great num- 
ber of edifices bebuiging to the time of the AtmkttM. Captain 
Soitoux — one of the most indefatigable members of the French 
Commission, which has rendered so great a service to science by 
its excellent map of Greece^ — saw in the wild ravines of Acar* 
nania more than thirty foundations of towns, of Cyclopean con- 
struction. In Arc-adia — the dwelling place of the Pelasgiam*, who 
pretended to have seen the creation of the moon, and who at least 
preceded the Hellenic race — polygonical walls are discovered every 
day; and in a valley unknown to travellers between the lake Stym- 
phalus and the Mount Trachys of Orchomenus, 1 had myself the 
nappinesA, two years ago, of discovering at the very ttpot where 
Pausanias (viii. 23) places it, the town of Halia, long sought for, 
and not as yet perceived by any of my predecessors. This ruin 

esentti one of the most impesing examples of Pelasgic architect 



^M^sentti on 



ture, and at least two-thirds of it are in a state of rare preserva- 
tion. Its form IB that of a triangle, whose base lies along the foot 
of the mountain, and whose two sides rise up on its flank. The 
latter only are standing, and they attain often a height of 10 ft., and 
contain 37 square towers. A pariillelogram traced on the summit 
of the triangle, forms the acropolis of the fortress, whose walls 
are composed of gigantic polygonical blocks, and the lintel of 
whose doors consists of two inclined stones, which mutually support 
each other. 

But in Argolis, the very seat of the power of the Atrides, the 
discoveries have not been few. At the same time with Halia, I 
saw in a little valley, separated from the Argolic plain by a riding 

f round, and quite close to Mycena?, a square edilice till then un* 
nown, of the finest polygonical style, each side being 88 feet in 
length, and rising in perfect preservation to the height of 10 feet, 
where its coping still exisits, 7'he interior was divided into three 
compartments, but the separations are almost entirely destroyed. 
This monument is one of the most interesting that has yet been 
disc^overed, as it discloses to us a particular branch of Homeric 
architecture. It is difficult to believe that at so short a distance 
from Mycenae, an edifice belonging to the class of those which 
excited so highly the admiration of the ancients, should remain 
unnoticed by them; I am therefore tempted to suppose that this is 
no other than the Tower of Polygnotus, as it was called, where 
Aratns, on his way from Argos to Phlius, had a meeting with his 
conspirators (Plut. V'it. Arat. 6 and 7J, 

The famous Temple of Juno at Argos, the scene of the pious 
exploit of Cleobis and Bion, was discovered after the deliverance 
of Greece. Under the ruins of a new temple, which had been 
built about the 90th Olympiad, and mngnificently decorated by 
Polycletus, is to be seen the gigantic foundation of the ancient 
sanctuary, which was burned about that same period by the negli- 
gence of the priestess Chrysis, and is now the only religious ruin- 
authentically proved, belonging to an epoch anterior to historical 
times. 

I was present at the excavations made at Tyrinth by the iUus- 
trions German antiquarian, Thiersch, and I witnessed the highly 
interesting result which he obtained. On the western side of the 
hill of the Cyclops, he discunered a range of basses of columns; 
and this fact, combined with the column already known in the 
Treasurv of the Atrides, and that of the basso-relievo of the 
lions at Mycente, tend to modify the ideas held until now on Pelasgic 
architecture, and to prove that the principle of the columns — of a 
primitive form, undoubtedly, but containing the germ of the 
diverse forms developed later by the Dorians and lonians — was, if 
not an indispensable part, at least an ornament frequently employed 
in the buildings of Homeric times. Another discovery of the 
highest importance to the architecture and ethnological hii^tory of 
that remote period has just been made in the south of Eubcea. 
Walpole had already seen and described (Travels vol, i.) on the 
summit of Mount Ocha, an edifice of a peculiar form^ and of an 
archaic style. Its walls are composed of very large parallelo^amical 
blocks, of unequal dimension!}; and its roof consists oJ^ *>everal 
layers of stones, which advance on each side towards the centre, 
jutting out considerably the one beyond the other, instead of 
forming a smooth surface as in the Treasury at Alycente. But 
from this specimen of architecture, curious as it was from its 
differing from the usual forms of ancient art, no conclusion could 
be drawn to further our knowledge of that art, because it only 
furnished one isolated example But at Styra, the town famous 
for its quarries, situated at the northern foot of the same mountain, 
the discovery was made a few years ago, of three buildings of the 
same nature, one of which is peculiar for its roof being circular* 
On another peak of Mount Ocha, I myself vi^sited, only last sum- 
mer, several edifices, the evident remains of a very ancient town^ 
suspended on the brink of an abyss equally inaccessible by sea or 
by land, and known only to the shepherds of those wild regions, 
who give it the name of Afchampolis^ or ancient town, Thete 
buildings are constructed on the same architectural principles; an 1 
I have heard another position described not far from the Cavo 
d*Oro, as the Venetians called the Capharea, where more such 
ruins exist. It is very remarkable that all these constructions, 
which, though belonging to the general system of Pelasgic archi- 
tecture, differ sufficiently from it to contribute a class apart, ai $ 
all found grouped in so considerable a number on one point of 
Greece; and this circumstance lefids one to presume, that this style 
belongs properly to some tribe, which, having its principal seat in 
the deep valleys of the Ocha, emanated, like all thoise which occu- 
pied in heroic times the soil of Greece, fron> the common stock of 
the Pelaegians, but which had a character sufficiently distinct from 
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the other branches, to have developed tlie art of building in a 
particular seuse. And in this race, in lujr opinion* we mav recog- 
nise the Dryape4t^ who-, in the most remote times, expelled from 
their ancient seats in The&aaly, came to occupy the southent part 
€f Euh oea, ]ii«t the spot where these constructions of so ancient a 
Htyle, and so distinct from all other examples otfered to us by 
history, have been discovered. 

But the dbcoveriea made in Greece since her emancipation have 
not lesii served to reetifj' and to extend the notions already pos- 
sessed on Clas^mi Architecture, The Prop y lea having been 
disencumbered from the modern fortifications which concealed 
them from view, and having now re-appeared in all their ancient 
harmony, it is easily recognised that their magnificence corre- 
sponded fully with that of the immortal monuments to which they 
gave access^ and that their finperb fiight of steps occupied the 
whole width of the entrance to the Acronolij?^ descended probably 
to the Agora, and was ornamented on either side by terraces sup- 
porting statues and temples. One of the latter, the Temple of 
Victory, without win^, the finest jewel of the Acropolii*' crown 
of moinimenti — which had disappeared between 1675, when Sphon 
and Wheeler travelled in Greece, and 1751, when Stuart visited 
it — now discovered again under a Turkish bastion, and restored, 
offers to study one of the purest and most perfect examples of the 
tetrastylos amphiprostylos of the Ionic order which exist* in 
the worhL The mouldings of its entablature, as well as those of 
the Propylea and of the Parthenon, bear evident traces of painted 
ornaments, and put it beyond all doubt that the onmmetital part^ 
of the temp!es were painted in Greece, like those of Sicily, in the 
time of Pericles, as well as at more ancient periods, when they 
were often replaced by terra-cotta. In the Pinacothek, which 
contained the famous pictures of ProtogeneiJ, tbe walls which the 
French or Cataliinian dukes had constructed to convert this part 
of the Propylea into their Chancery havini^ been destroyed, the 
original partitions have been brought to light; and I think that 
the examination of these and of the walls of the Temple of 
Theseus, may give the snlution of the question which had been the 
subject of 80 much controversy — namely, whether the ancients 
painted exclusively on the walls or on panels of wood, by 
proving that the Pinacothek was covered with panels, or, rather, 
moveable pictures; whereas the paintings in the Temple of Theseus 
were executed on stucco fixed to the wall itself. -Viid 1 may here 
mention that one of the greatest connoisseurs of the paintings of 
the ancients— M, Raoul-Rochette, of the Institute of France, is 
now occupied in putting together all the recent information ob- 
tained on this subject, with the intention of working it into a 
Bpecial treatise. 

The Parthenon, in spite of the exact nnd conscientious work of 
Cockerell, when delivered of the barbaric ruins which insulted its 
grandeur, had still secrets to disclose; and it is well known that 
attentive observations have taught the astonished arclutects of 
modern times, that of all those lines whose msgnificent harmony is 
the source of the inimitable beauty of this edifice, there is not une 
which ia a straight line; that with a depth of science which would 
put to fault the calcuhitions of the profoundest mathematician, the 
architect, imitating nature, who avoids a straight line in her 
tir^Huic productions, had composed a system of curves beyond the 
skill of modern art to combine or reproduce. 

The Erectheum, that enigma of architecture, can also he better 
understood since it has been raised from its ruins; and in my 
opinion it is now evident that this temple was double, in spite of 
III* having four names, and that the singular distribution of the 
house consecrated to Erectheus which it replaced had been adopted 
in its construction* The new notions obtained on this temple 
have been most ably discussed in the Annals of the Academy of 
Munich, by the most learned philologian of Germany, M. Thiersch, 
who is now preparing a second work on the same subject. 

To the studv of Sculpture the results have not been less im- 
portant. Eacli fragment fallen from the chisel of a great master, 
and now withdrawn from the dust, is an inestimable treasure. The 
excavations made around the Parthenon have augmented our 
glyptic riches with twenty-one pieces of the frieze, one metope, 
and six large fragments of statues belonging to the front of the 
temple, hII master-pieces, which serve, in a slight degree, to 
console the Greeks for the painful losses made at a time when it 
was not iu their power to prevent them. I may say as much for 
the blocks of the frieze of the Temple of Victory, which are the 
comnletion of those carried away by Lord Elgin. The discovery 
€if the frieze of the Erechtheum is not a less precious one: its 
existence even was unknown, when twenty- one small statues of 
e^^uul dimensions were foiuid ia the rubbij»lt. They are of white 




marble, and having the back part of each quite flat^ were evidently 
applied to and detached themselves from a back-ground of Eleusii 
stone* The execution is of the purest style; and they allude, 
I think, to the procession of the Pandrosus, to the birth of 
Erichthonius, and to the loves of JMars and Mercury with Agraulia 
and Herse. 

I shall not enter into a detailed enumeration of all the invaluable 
pieces of sculpture which have been gathered into the Museum of 
Greece. But there are several which have enriched antiqu 
knowledge with entirely new facts. It is thus that a very remi 
able low relief, found in a cemetery on the east coast of Attica, 
representing a warrior larger than life, serves as a precious s 
ping-stone for the histor)^ of art among the ancients, by affori 
a very important specimen of tlie archaic school of Athens, 
particularly of the manner of Arhfoctes, whose name is inscr 

on it, and who, according to my idea, flourished about the 

Olympiad, Having come from Sikyon, where his grandfather had 
established himself after leaving Crete, this artist may be con- 
sidered as representing the connection between the different schools 
of archaic art. This fine low-relief also teaches us, that at the 
most remote period the same habit existed, which continued in 
later times, of painting works of sculpture, or at least the orna- 
mental parts and accessaries of them. 

Among the inscriptions recently discovered, and which serve to 
extend our archreotogiciil information, I shall only mention tbe 
most important to the history of art, such as those which give ui 
new details on the epoch and the works of divers sculptors. It U 
thus hv one of them we learn that ^ii*iiaf«)*, thought to be the pupil 
and relation of Dedalus, was, in fact, only a Dedalide^^ an artist of 
the archaic school, and not more ancient than Aristoclea. We 
learn from another, the existence of a scul^jtor of the same epoch^ 
named A'e^wte^; and from a third, that it was Strongylion who 
executed the famous Diirian horse on the Acropolis. 

Among those which throw a stronger light on the public life of 
the ancients, I shall mention one which, consisting of more than 
120 fragments, contains the list of the allied towns which ^aid 
tribute to Athens. The knowledge of these enriches ancr^ 
geography with a number of names unknown until now, 
completing the political iii story of Athens, gives a more exact 
of its greatness. The tribute-money seems to be calculated for a 
month, and the list only to contain the tenth part, or the share 
belonging to the temple. As far as the mutilated state of thesi 
fragments permits one to judge, that share seemed to have amountad 
to nearly five talents and a-half amonth. Several other inscriptioni 
complete the lists already known of the treasures contained in the 
Parthenon, and the result to be obtained from them is, that in the 
days of the splendour of Athens, the temple contained objects in 
silver and gold, weighing together about 17 talents of silver. From 
another of these inscriptions^ we can calculate the rate of interest 
paid to the Parthenon when the funds of the temple were lent to 
the town. 1 estimate this rate at 10 drachmas per 50 talents every 
day, or 1^ per cent, for a year. Other inscrintions not less precious, 
which have sened as a basis to the learned work of M. Bceckh, 
throw a great and new light on the most powerful element of 
Athenian greatness, the organisation and importance of their 
navy. The expense of the hrst expedition to Cork)Ta (Corfu), 
which opened the Peloponnesian war, forms the subject of one of 
them; and 1 pass over in Rilence a great number uf monuments 
illustrative o/ more than one important point of history, such as 
tbe political calendar of the Athenians; their relations with foreign 
princes and nations; the detailed organisation of tlie Amphiktyonic 
league; the position of private slaves, and of the hierodulf^^ or 
servants of the temple; questions of topography and others relating 
to the public games. 

I have only mentioned the discoveries the most rich in results, 
and the principal contributions which Greece has brought to the 
science of antiquity since her emancipation. And if it is true that 
my account is still far beneath the reality, and that a very abundant 
source of arch Ecological knowledge, obstructed by the ruins under 
which centuries and barbarisms had buried it, has now been re- 
opened in Greece by the power of liberty, and by the enlightened 
efforts of a regular government, 1 hope I shall he aUowed by tho 
lovers of antiquity to advance, that the emancipation of Gi'eece 
has nut been a regretable event, as some seem to have wished to 
make it appear, and that Greece has by this return alone repaid 
the greater part of the sacrifices made in her favour. 
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nrOEt78TATtON IN STEAM BOILEBS. 



On the Incrustation which form^ in the Boilers of Steam- Engincn^ 
m a letter nildressed to Pr. G. Wilson, FJl.S.E. By Or, J. Uxvv, 

On entering: on this inqtiiry, which I did after my return from 
Hie West Iniliei in December^ 1848^ and after comnmnicating 
• fihort paper to the Royal Society "On Carbonate of Lime in Sea- 
water," it *ppettred to me desirable to adiect as many specimens 
as possible of incrustation from lite boilers of steam vessels, now 
BO widely employed in home and distant navigation. By applica- 
tion to companies and to friends in our sea ports, as Dundee, Hull, 
Southampton, Ilayle, LiverpooJ^ ^Vliitehavfn^ I have succeeded in 
procuriJif 8pecimen$j of incrustation furnied by deposition in 
vo^TAgesfrom port to port, in the British and Irii^h Channels, and 
the North Sea, between Southampton and (Gibraltar, in the Medi- 
terranean and the Black Sea, and in I he Atlantic Ocean, between 
Ijiverpoo) and North America, and between Southampton and the 
West Indies. I am promised speclmenj* from the Red Sea and the 
Indian Ocean — but these T have not >'et received* 

The character and composition of the incrustation, whether 
formed from deposition from water of narrow seas or of the ocean, 

I have found very similar — with few exceptiont;, crystalline in 
itructure, and, without any exception, composed chiet!y of sulphate 
of lime; so much so, indeed, that unle^ chemically viewed, tbe 
Other ingredients may he held to he of little moment, rarely 
smountin^ to 5 per cent, of the whole. From two specimona of 
Incru^ation from the boilers of steamers crossing the Atlantic, 
one of which you »ent me, in which yoii had detected a notable 
portion of fluorine, judging from its etching etfect on glass, — I 
l^so procured it, it was in combination with silica; and procured 

II also so combined from two obtained from steamers navigating 
our own seas^ one between Dundee and London, the other between 
Whitehaven and Liverpool. Of this 1 had proof, by covering 
with a portion of gla^ss or platina foil a leaden vessel charged with 
about 900 grains of the incru^^tation mixed with tulpburic acid, 
and by keeping the glasis cool by evaporation of water from its 
surface, and by supplying moi&tiire for the condensation of the 
silicated gas by a wet band round the mouth of the vessel. After 
about twenty-four hours under this process^ & slight btit distinct 
deposition was found to have taken place, corresponding to the 
margin of the vessel^ — a deposition such as that produced b^ sill- 
cated fluoric acid gas under the same circumstances. Thus it was 
not dissipated by heat nor dissolved by water, and yet admitted of 
removal by abrasion, either entirely oV in great part; the former 
in the instance of the platina foil^ the latter in that of the glass. 
Besides the ingredients above-mentioned, i may add that, in many 
instances, oxide of iron, the black magnetic oxide, was found to 
form a part of this incrnsting depo?^k, collected in one or more 
thin layers, and further, that in some, especially of steamers navi- 
gating the narrower and lea>it clear part of the British Channel, 
the depositions presented a brownish disctdouration produced by 
the admixture of a small quantity of muddy sediment. Incruhta- 
tions so discoloured, 1 may remark, are reported to be most diffi- 
cult to detach. 

I have said that the incrustations^ with few exceptions, were 
similar in their structure, and that that was crystalline; it waa 
not unlike the fibrous variety of g>*psum of the mineralogists. 
The specimens received, as might have been expected, varied very 
much in thickness — ^viz., from one line and less to haJf an inch. I 
have endeavoured, by a set of queries which I had distributed, to 
obtain information respecting the exact time in which the incrus- 
tations were formed, and under what circumstances; but with 
partial success only, owing to a want of exact observation. In 
one instance, that of the North American mail-ship Eurftpa^ 
which arrived at Liverpool on the 15th of November, at * p.m., 
having left Boston on the 7th of the same month at 9 a.m., an 
incrustation was found in her boiler of about one-fiftietii of an 
inch in thickness; and it is stated tliat an incrustation of about 
the same thickness was found on her outward voyage. This 
example may aid in giving some idea of the degree of rapidity 
with which the incrustation is produced, at least in the Atlantic, 
with the precaution of *'hlowing-off " every three hours, and with 
the "brine pumps" kept in constnnt work. In other seas^, especi- 
ally contiguous to shores, and more especially of shores formed by 
volcanic eruptions, it is probalde, ca'teri* ptirtbu^^ the rate of the 
deposition oi the incrusting sulphate of lime will be more rapid. 
The results of the trials of several pnrtions of sea water taken up 
on the voyage from the West Indies to England noticed in the 
paper of mine already referred to, are ia favour of this conclusion* 
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To endeavour to prevent the deposition of tbe incrusting matter 
or to mitigate the evil, various methods, it would appear, have been 
had recourse to — some of a chemical kind, as the addition of 
muriate of ammonia and sulphate of ammonia to the water In the 
boiler — without success, as might be expected; others, of a me- 
chanical kind, with partial success — as the introduction of a cer- 
taiji quantity of saw-dust in the boiler, or the application of tallow, 
or uf a mixture of tallow and plumbago to its inside, to prevent 
close adhesion, and the more easy separation of the incrusting 
matter either by percussion, using a chisel-like hammer, or by 
ciin traction and unequal expansion, by means of fiame kindled 
with oakum, after emptying the boiler and drying it. Of all the 
mcthodiS hitherto used, that of ^^-blowing-off' — that is, the dis- 
charging by an inferior stop-cock a certain quantity of the concen- 
trated water of the boiler by the pressure of steam, nfter the 
admission above of an equivalent quantity of sea water of ordinary 
density, appears to be, from the reports made, the most easy in 
practice, the least unsuccessful^ and the most to be relied on. But, 
as in the instance given of the North American steamer, it can be 
viewed only as a palliation. 

Coiii^iderin^ the compo^ttton of the incrusting matter and the 
properties of its principal ingredient — the sulphate of lime, a 
compound soluble in water and in sea water, and deposited only 
when the water containincr it is concentrated to a certain degree, 
there appears to be no difficulty theoretically in naming a preven- 
tive. The certain preventive would be the substitution of distilled 
or rain water in the boiler for sea water. Of this we have proof 
in the efficacy of Hull's condenser, which returns the water used 
as steam, condensed, after having been so used; but, unfortunately 
for its practical success, the apparatus is described as being too 
com plicated and expensive for common adoption. Further proof 
is afforded in tbe fact, that the boilers of steamers navirating 
lake» and rivers in the waters of which there is little or no sulphate 
of lime, month after mtmth in continued use, remain free from 
incrustation. This I am assured is the case with the steamers that 
ha\ e been plying several summers Rucce«i*ivcly on the lake of 
Windermere, And it may be inferred, that in sea-going steamers 
in wiiich sea water is used in the boiler — or, indeed, any water 
containing sulphHte of lime, the prevention of deposition may be 
effected with no less certainty by keeping the water at that degree 
of dilution at which the sulphate of lime is not separated from the 
water in which dissolved. 

From the few trials 1 have made, I may remark, that sulphate 
of lime appears to be hardly less soluble, if at all less, in water 
saturated with common salt than in perfectly fresh water. This 
seems to be a ft>rtuTi:ite circumstance in relation to the inquiry aa 
ti» the means of prevention, and likely to simplify the problem, 
ii these principles he sound, their applic4ition under different 
circumstances, with knowledge and judgment on the part of the 
directing engineer, will probably not be rlifificult. His great object 
will be in sea^going steamers to economise tbe escape of water in 
the form of steam, and thereby also ec^momise heat and fuel; also, 
when fresh water is available, to use it as much as possible; and 
further, to avoid using sea water as much as possible near coasta 
and in parts of seas where sulphate of lime is most abundant. 
From the incrustation on the boilers of i»ea-going steamers, the 
attention can hardly fail to be directed to that which often forms, 
to their no small detriment, in the boilers of locomotive-railway 
engines, and of engines employed in mines and in the multifarious 
works to which stenni power is* now applied. These incrustations 
will of necessity be very variable, both in quantity and quality, 
according to the kind of ingredients held in solution in the water 
used for generating the steam. 

Hitherto 1 have examined two specimens only of incrustations 
taken from the boilers of locomotive engines, and a single one 
only fr*>m tlie boiler of a steam-engine employed on a mine— a 
mine in the wet^t of Cornwall. The latter was fibrous, about half 
an inch thick, and consisted chiefly of sulphate of lime, with a 
little silica and peroxide of iron, and a trace of fluorine. 'I'lic 
former were from one-tenth of an inch in thickness to one inch. 
They were laminated, of a grey colour, and had much the appear- 
ance of volcanic tufa; they consisted principally of carbonate and 
suluhatc of lime with » little magnesia, protoxide of iron, silica, 
and carbonaceous matter— the last two, the silica and carbonaceous 
matter, probably chiefly derived from the smoke of the engine and 
the dust in the air. From tbe engineer's report it would appear 
that tbe thinnest— the incrustation of about one-tenth of an inch- 
had formed in abcjut a week, during which time the locomotive 
littd run about i3ti miles, and consumed about 10,»00 gallon* of 
water. — 
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IRON FOROINO. 

Improv^menti in Forging Iron, -By James Naamyth. 

Befork proceeding to describe the nature of the improvemeots 
in question, Wr, Nasmyth mnde some remarks *>n the value &nd 
importance of any improvement whiih tende*! to increase the cer- 
tainty of ihe production of sound and perfectly solid forg-inii:!! of 
wrought -iron, more esnedaliy those niriiisive forcings required for 
such purposeii as paddle-shafts, mariue engines^ crank and plain 
axlea for locomotive engines, anchors, and such like, on the sound- 
nefl« of which both life and property to a vast amount may depend. 

Mr. Nasmyth instanced cases in uhich paddle-shafts of marine 
eng^ines had given way, although in the firat instance they had aJl 
the o£(/i(^ancf aspect of the mo&t perfect soundness, but which on 
fracture exhibited the existence of original defect^ in being little 
else internally than a mass or bundle of loose bars of iron, which 
had never been in a sound welded union, but had only been held 
tofcether by the exterior, where alone the welding had been so far 
perfoct. 

Mr. Nasmyth exhibited a diaip-am of which fi«f. 1 is a copy^ in 
order to illustrate the action induced on the centre portion of 
a cylindrical forginjtr, when produced under the action of a flat- 
fticed hammer and anviL 

It will he ieen at once that the 
action induced on the centre portion 
of the metal of a shaft, or such like 
crlindrica] form, by the fiuccessive 
blows of a flttt-faced hammer and 
anvil, as a and b ia to cause the 
work to spread out or extend in the 
direction k d, e c (as re|)resenled by 
the double pointed arrow un the fi- 
gure); and as the flattencd-out form 
has to be attempted to be corrected 
by turning the shaft round and 
round on the anvil, so that each 
successive blow may be made to 
correct the spreading out caobed 
hy tlie previous blow. The result Fig. 1. 

of this action is a fretting or mincing 
of the centre part of the metal of the shaft, 
resulting in a separation of the metal 
throughout the entire centre portion of the 
shaft, tiomewhai after the m:inner indicated 
in fig. 2, frei|uently to such an extent as to 
permit the passage of air or water from end 
to end of shafts forged in this manner. 

The effect of this kind of unsoundness le 
that it IS certain, sooner or later, to work out ^'^' ^' 

towards the exterior, and in all probability ie:iult in *'a break 
down" more or less diaaatrous in its conser|ueuces. 

Mr, Nasmyth then proceeded to describe his improved form of 
anvil- :ace, by the empluyment of which all such defecla as detailed 
above are avoided. Such has been the perfect success and excel- 
lent results which have attended the use of his improved anvil- 
face, that its adoption has become almost universal; and the pro- 
duction of absolutely sound solid wrougbt-iron shafts, of whatso- 
ever magnitude, rendered equallv easy as ceitain. 

A, (ig. 3) re- ^ ' 

presents the form 
of Mr, Nasmytirs 
improved anvil- 
face, which he 
terms a V^anvil, 
between the jaws 
of which the work 
to be hammered 
is placed as indi- 
cated by a cylin- 
drical shaft, seen 
in section marked 

CG 0. 

A glance at the 
above figure will, 
no doubt, render 
its action evident, 
namely, tlmt the 
tuition of each blow 
of the hammer on ^* ^* 

the work c c c, ijistead of cmmog, as in the case of fig. l,a di- 



verging action on the centre portion of the work, occasions, oa the 
contrary, a converging action, as represented by the three arrows; 
and instead of having the centre portion of the metal of the shaft 
rendered less compact and solid by the action of the blows of the 
hammer, we have quite the contrnry effect produced ; besides which, 
owing to the wedge-like form and' action of this V-anvil face, the 
compressing effect of the blows are most importantly enhanced, 
and the ease and rapidity with which such cylindrical-formed 
work as shafts iiud the like can be produced under or by such 
means is most remarkable; so much so a* to enable the forgemen 
to hammer out at one hmiiy by means of this V'-anv^il, as much as 
would require three heats on the common flat-face anvil. Add to 
which the vast convenience which the fork-like form of the V anvij 
yields in keeping the work at all times right under the centre of 
the hammer, as it is turned round and rout id to receive the succes- 
siie blows, which in the ca^e of work of the largest class is a matter 
of uo sniitll trouble; another advantage consists in the free passage 
or exit which is at all times preserved for the escape of the scales 
and impurities which fall from the hot iron during the process ti( 
hunmiehng, which scales fall down towards the apex ot the V at 
i>, and trickle away, thus removing the cause of blemish and rough- 
ness which is caused by such scales collecting on the face of the 
flat anvil, and get beat into the surface of the forging. 

it will be seen on in^peeting Hg. 3, that one such V-anvil face 
as there represented, will accomodate a vast range of diameters of 
work — namely, all variety of diameters, such as will neither abso- 
lutely rest on the bottom of the apex at d, or on the corners r p. 

Mr. Nasmyth has tuken every means, by the most free commu- 
nication, to promulgate among those interested the advantages of 
this V-anvif, and has been rewi^rded by seeing its use become 
almost universal. 

Mr. N. stated that an angle of 80*^ was found by him to be most 
geoerally suitable for the inclination of the sides of the V, and also 
that the edge^ should be well rounded off, and the surface of the 
V sides curved in the direction of the asiit of the work, to the 
extent of Jtli of an inch in 12 inches, so as to be ** proved" in the 
centre, and so facilitate the extension (axis ways) of the work* 
The vast simplicity, as well as the important results, which arc 
yielded by the employment of this V-anvil face, has, in no small 
degree, contributed to its almost universal adoption. Its em- 
ployment renders the production of perfect sound work as easy 
as certain. 

Mr. Nasmyth next proceeded to describe the second part af hb 
improvements in forging iron, which consist as in the first case, of 
means equally certain and simple in producing sound boiler pistes* 
Mr. Nasmyth prefaced his description of his improvements on this 
truly important subject by detailing the nature of the most fre- 
quent cause of unsoundness in iron forgings generally, and in 
boiler plates in particular, namely, the imperfect expulsion of the 
molten oxyd of iron, or '* scoria^" or *' cinder," as it is termed, 
which in every case of welding hot iron covers and clings to the 
surface of the metal; and if left interposing between the welded 
surfaces, le certain to occasion a defect greater or less according to 
the surface of junction tt occupies. The frequency of this interpos- 
ing scoria as the true cause of unsound forged work was forcibly 
lilluded to by Mr. Nasmyth, and shown to be the most fertile 
si*urce and cause of the failure of wrought-iron work, resulting as 
liucb too frequently does, in the most sad and disastrous accidents 
such as the failure of the links of chains and anchorii, and in the 
costly and often distressing results arising from defectiv e, •. e. blis- 
tered boiler plates. 

In respect to the links of chains, Mr. Nasmyth mentioned as the 
result of an extensive series of experiments on the strength of 
chain cables, on wliich, as member of ^' the committee on metals,' 
he was employed by the Admiralty ; out of every ten cases of frac^ 
ture, eight were occasioned by defective welding, as evinced by the 
appearance of the surfaces, which present to a practic-al eye 
appearances not to be mistaken, owing to the very peculiar 
aspect of the surface of the ajtparentltf welded metal, between 
which surfaces the oxyd or scoria had not been duly expressed. 

Mr, Nasmyth further described the condition absolutely requi- 
site to perfect welding, namely, not merely that the surfaces we 
desire to weld should be really '* welding flot,'" hut aUo that when 
brought into contact, no particle of the scoria, which inevitably 
clings to the metal while welding hot, should be permitted to 
remain interposing between such surfaces as we desire to wehL 
If such material is left interposing, we are certain to have deCed 
and unsoundness to a greater or less extent as the result. 

In order the more clearly to detail his improvements on thii 
important subject, Mr. Nasmyth exhibited a coloured drmn 
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representing the ueual form and arrangement of "a pile" of 
" alaba" luch as are employed in forming, when welded together, 
a ma^ of iron from which boiler plates or bars of iron are rolled. 
Fig. i reprefients such *^ a pile" of ^^ glabs,** which having been, as 
ia generally the case, produced under the action of a forge hammer 
and anvil, having flat, or as is generally the case, slightly convex 
surfaced, causea the slabs so produced to have certain hollow parts^ 
or slightly concave portions of their surfaces, so that when piJed 
one upon' the other, ai» in %. -I, the ritik of having hollow spaces be- 
tween i» almost certain. The hollow spaces are represented in the 
figure by the dark irregular liriei* between the slabs. 

Referring to fig. 4, a, b, c, d, represent a pile of four slabs laid on 
the anvil welding hot ; owin^ to 
the c(mcavr irregularities of the 
surfaces^ the parts moist certain 
to conte into contact first are ge- 
nerally the exterior edges of the 
slabs. The effect of the blows 
of the hammer is first to weld 
the parts in nntural contact ; and 
by cuntinuance of the blows, the 
interposing scoria or ** cinder" is 
expressed, in a degree more or 
less perfectly, according to the 



energy of the blows and the deep- 
ness of the convex or hollow 
{matches betwixt the slabs. So 
ong as there exists an exit or 

passage for this scoria, all is t\i, «. 

well; out, as generally happens, 

some portion of this scori;i kirks behind after *il] chance of escape 
is removed by the welding of the exterior portion of the tturfitces 
of the slabs. The result of this is, that we have to a certainty a 
defect greater or less in amount, according to the quantity or sur- 
face over which the incijited scoria extends: once such scoria Is 
shut up between the surface of the sliibs, no amount of after ham- 
mering will ever expel it, but on the contrary; will only tend to its 
extension over a larger Hirfaeei and, iis before said, so long as 
a purticle of this scoria is left interposing, so have we a degree of 
imsoundness in proportion. 

Great as this evil is, and common as it is as a fertile cause of 
defective iron work, and the more C'SpeciaUy so in the case of 
boiler plates, the means of avoiding such source and cause of 
defect is as simple as the raaiilts iirL- iniportiint; and it is to be 
hoped that the free and open communication Hliicb Mr. Niismytli 
has made of his views on this subject will be answered in the most 
acceptable way by the general adoption «*f bis improvement or 
certain means of avoiding the occurrence and existence of all isuch 
causes of defective boiler pUtes, and forged work generally; which 
improvements consist simply iu m forniin^ the §urfave« which wt 
desire to vceid together that a free e^it may tte pfc^emtil to the last for 
the excape o/ the mot ten aryd or scoria until the entire tur/uce of the 
partM ite dexire to meld are thoroughty inj^rporatcd l>y the weMliny pro- 
pei'ty^ aided by the action qf tJie hammer or roiln^ tu thp cane may be. 

In oriler to accomplish this most important and desiirsible object, 
Mr, Naisntyth forms the surfaces of his slabs on ecu' {nee fig. &}; 
by which u o^t simple common- 
seustf^meHns a perfect free exit 
to the scoria or iuierpoKing 
impurity i^ maintained to the 
l;&st moment, the welding com-i- 
niencing at the centre part of 
contact w, and extending out- 
wards towards the edges under 
tbe action of the successive 
Uioirs of the hammer, or 
t^qtieeze of the rolls; but, as 
before said, an open door is 
kept for the escape of the 
scoria until the surfaces unite 
frmn the centre w to the outer 
edgez,z^z, z. Here, then, by 
an arrangement or formation 
of the surfaces we desire to 
veld, we have the moitt cer- 
tain and simple means of pro- 
curing a perfectly solid sound 
mass of iron which, when rt$»B, 

beaten, hammered, or rolled dciwn to whatsoever thickness we 
deairey will retain, to the last, all the i^ualities of the uue eouad 




solid mass we had converted it into by this most simple impro\'e* 
meiit— niunely, giving to the surfaces we desire to weld a convex 
form and relation to each other, — Mr« Nasmyth concluded his 
observations on these important subjects by an earnest appeal to the 
members of the Mechanical Section to diffuse, by all means in their 
power^ the information which, on this as on all such subjecttn^ he 
shall ever feel the highesat pleasure in communicating to the prac* 
tical men of his profession, and the world in general, who may 
think fit to accept these results of an active life, which he finds so 
much real pleasure in freely sharing with them* 



POWERS OF MINUTE VISION. 

On the Powers of Minute Fifion. By Mr. W. Petri E. 

RtsuLis from experiments for determining the best sort of 
station-marks, and the errors liable, in observing with optical 
instruments that measure on the principle of bringing t*o reflec- 
tions tcigether. The experiments were performed in bright dny- 
light (hut not sunshine), being light of the maximum of advaii* 
tage for perceiving black against a white ground. The general 
circumstances of the experiments were arranged rather to deter- 
mine the facts of common practice, than the theoretic powers of 
vision. 

Mr. Petrie then detailed the varlnus distances at which circular 
spots, lines, &c., white on black as well as black on white, could 
be seen, the distances being given in terms of the breadth of the 
object seen. An arrangement of lines was described, by which an 
alteration of their position to the extent of only one miUionth part 
of the distance of the observer was made visible. One result of 
the experiments would be to show what would be the proper pro- 
|jortions of parts to be observed in forming ktteru to be read i* ith 
the greatest distinctness at a distance,— a subject of much practical 
use in the present day^ and admitting of a strictly scientific system^ 
jilthough generally left to the fancy of inc^impetent persons. WhitB 
letters on a blaek ground should have their component lines of only 
half the breadth that blaek letters should lia\e on a white ground. 

The direction of the eye, while appearing to gjisse steadily at any 
object, ^u^s^ m reality keep wondering to an imperceptible distance 
on every side of the object looked at, but Tery rapidly. This w'fln- 
dering is not accidental or an imperfection of sight, but an essential 
feature of vision; because it is not i\ie mntinmtwr of an impres- 
sion that is perceived {by any of the animal nervea), but its com- 
mencement and termination, or, more strictly speaking, its in- 
crease and decrease. This principle is probably analagouK to that 
by which a magnet creates an electric current in a neighbouring^ 
wire, not by its mnstant presencCy but by the innrease or diminution 
of its influence, either by a variation of its power^ or of its ptmtiou. 

This wandering propensity of the eye was shown to account for 
the relative facility with which different sorts of marks were seen 
at great distances : it tukes place, apparently, in a minimum case, 
to the exteut of an angle of 1 in 2500, A dislocjited line (as in a 
vernier)^ itti fault being half its breiuith, can be jjerceived to be bo 
at a distunce of lOJiOO times its fiiult, if black on a white ground ; 
and Jit 1^,000 limci^^ if white on a bluck ground. It shows it^H-'lf, 
however, by giving the line a lejifi xtrady appcitrance, than a per- 
fectly even line would have, when narrowly watched, by running 
the eye ah>ng the tine, at about hritf as far again. 

Exjieriments were then described, on the visibility of the posi- 
tions of the ends of lines, and of tiiatuHes in lines, and of aqunrt 
dots as compared with round. But the last conclusion of practical 
importance was in respect of observing the angular position of 
Stat ion -marks, or of stars, by reflection, as in a sextant. From 
these experiments it appeared that the position of two closely 
adjacent dots or imager, in sensible pnralleiisim to a given direc* 
lion, while it affords one of the mmptext kinds of observation, is 
more accurately observable than their actual coincidence, or even 
than llie junction of two lines, a$ if iu a vernier. 



On the Gradual Suh«idence of a Portion of the Surface of Chat 
Mm»^ in Lancashire^ by Drainage. By Mr. ti. W. Oumkroix — This 
was the continuation of a paper read at the Swansea Meeting, It 
was shown by a ^series ot levellings made in the last four yewrs, 
over an extent of about ^0 acres, where drainage was carried on, 
that a subsidence had taken place to the amount of one inch per 
aiiuum. 
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BLAfiTIOlTT OF SOLIBfl. 

On ih€ Lawi of the Eia$ticiisf o/SoiitU, By W^ /. Maoquobn Ran- 
KINK, C.E., F.R.S.E. 

This paper ii^ intended to form the foundation of the th©oretic.il 
iiJirt of a aeriea of researches on the strength of mnterials. Its 
immediate object is to investif^ate the relntions which must exii$t 
between the el&sticittes of diiferent kinds poAgesiied by a ^ven iiub- 
itance, and between the differant values or theae elasticities in dif- 
ferent directions. 

The different kinds of elasticity possessed by a solid substance 
are distinf^ui^bed into three, viz,: — First, hnt/itudinat elaHicity^ 
representing the forces culled into ]>hiy in n ^iven direction by 
condensaiitm or dilatation of the particlet^ of the body in the same 
direction ; Secondly, lateral elaHicity^ representing those called into 
play in a given direction by condeosatiun or dilatation of the par- 
ticles of the body in a direction at right angles to that of the force; 
and thirdly, transverse elanticity or rigidity, being the force by nhich 
solid substance;! resist distortion or change of figure, and the pro- 
perty which distinguishes solids from Auids. The authors re- 
searches refer chiefly to substances whose elasticity varies in dif- 
ferent directions. His first endeavour i», to determine the laws 
of elasticity of «tich substances, so far as they are independent of 
hypotheses respecting the constitution of matter; a course which 
has not hitherto been followed* 

The Jiritt Thmrefn or law states the eieistence of three axes of 
elasticity at right anglea to each other at each point of each sub- 
stance possessing a certain degree of symmetry of molecular action. 
The elasticity oiii body, as referred to these three ajtea, is exDreftsed 
by twelve coefBcientis three of longitudinal elasticity, six of lateral 
elasticity, and three of rigidity, which are connected by the follow- 
in^fiws. 

Tkmrern II. The coefficient of rigidity is the same for all direc- 
tions of distortion in a given plane. 

Thcorejn II I» In each of the co-ordinate planes of ebisticity, the 
coeJ!icient of rigidity is equal to one-fourth part of the sum of the 
two coefficients of longitudinal elasticity, diminished by one-fourth 
part of the sum of the two coefficients of lateral elasticity in the 
same plane. 

The investigation having now been carried as far as is possible 
without the aid of hypotheses, the atithur determines in tne firist 
place the consequences of the supposition of Boscovich, that elas- 
ticity arises solely from the mutual action of atomic centres of 
force. In the following theorems a perfect aolid means a body so 
constituted. 

Theorem IV, In each of the co-ordinate planes of ehii^ticity of a 
perfect solid, the two coefficients of lateral elasticity, and the co- 
efficient of rigidity, are all equal to each other. 

Theorem V. For each axis of elasticity of a perfect solid the co* 
efficient of lon^tudinal elasticity is equal to three times tlie sum 
of the two coefficients of rigidity for the co-ordinate planes which 
pass through that axis^ diminished by three times the coefficient of 
rigidity for the plane normal to that axis. 

Thus in perfect solids all the coefficients of elasticity are functions 
of three independent coefficients— thoiJe of rigidity. In no pre- 
vious invei^tigation has the number of independent co-efficients 
leen reduced below Hijr, 

To represent the phenomena of imperfect solids, there is intro* 
diiced the hy}mtheftis of moiecuhr mrtii^CM^ in addition to that of 
atomic centres ; that is to gay, each atomic centre is supposed to 
he surrounded by a fluid atmosphere, retained round the centre 
by attraction, and difttised from it by the centrifugal force of 
revolutions constituting heat. The author has already apjilied 
this hypothesis to the theory of the elai^ticity of gases and vapours. 
(Trans. Roy, Sue, Kdin,, V^ol, XX, Part I.) Applied to sofida, it 
leads to the following conclusions : — 

Theorem Vl. In an imperfect solid, each of the coefficients of 
longitudinal and lateral elasticity is equsil to the same function of 
the coefficients of rigidity which would have beci» its value in a 
perfect solids added to a coefficient of /laid elasticity which is the 
same in all directions. 

Thus the number of independent coefficients for such siibstanGes 
is fnur. 

The rest of the paper is occupied by the deduction from these 
principles of some important conHequences, relative to ct»efficient8 
of compressibility and extensibility, and to elasticities cur respond- 
ing to directions not coinciding with either of the three axes. 



POBCE OF WAVES. 

Oh9erwai(mM m (he Force qf ih9 JTatwf, By TnowAS ftnsvmKiosr, 
F.R.S.E,, Civil Engineer. 

The author, after some introductory remarks, de^ribed the 
action of the Marine Dynamometer, the self-registering instrument 
with which the observations were made, andoneof the instruroents 
was exhibited. He stated, that a theoretical objection mighty 
perhaps, be started to referring the action of the sea to a etatica) 
value, hut contended, that in designing sea works the attempt of 
the engineer is to oppose the dynamical action of the sea by the 
dead weight or inertia of the masonry, so that the indications of 
the Marine Dynamometer furnish exactly the kind of information 
which the engineer requires. The greatest result registered in 
the Atlantic Ocean wa« at Skerryvore, during the westerly gale of 
the 89th of Marcb^ 1845, when the force was 6083lh., or 3 itmt 
per square foftt. The greatest retsult registered in the German 
Ocean was 30 13 lb,, or about 1^ ton per square foot. It further 
appeared, from taking an average result for five of the summer 
months during the years I8i3 and 1644, that the force in tJie At- 
lantic Ocean was €11 lb. per square foot, while the correspoiidlilg 
average for six of the winter months was 9086 lb., or three times as 
great as in summer. These observations he hud communicated in 
IH45 to the Royiil Society of Edinburgh, and were printed in the 
twelfth volumeof the * Transactions' of that body* 

The author then stated, that the greatness of those results had 
excited surprise in almost all to whom they had been communi- 
cated, and positive doubts were expressed by many as to the 
correctness of tlie indications. Three classes of facts, essentially 
different from each other, may be appealed to, as proving that if 
the indiciitious of the Dynamometer are incorrect, the error must be 
in defect, and n*>t in excess. The first fact to which reference was 
made was the elevation of spray caused by waves meeting with sn 
obstruction to their onward motion. Most persons are familiar 
with the frontispiece representations of the £ddy stone and Bell 
Rock Lighthouses during storms, which are attached to the 
descriptive accounts of the erection of those works; and although 
some deduction may be allowed for the fancy of the artists, still 
there can be no doubt that they are, in the main, faithful repre^ 
sentations of a natural phenomemjn. On the SOth of NovemWr, 
1627, in a heavy ground swell after a storm, solid water rose at 
the Bell Rock, 106 feet above the level of the sea, irrespective of 
the depth of the trough of the wave. Such an elevation is due to 
a head of water of the same height. The force, then, which urges 
the lower courses of the Bell Rock must have been neartu ihrte 
ions per square foot^ while the highest indication of the Marine 
Dynamometer at the same place, since the observations were 
commenced hardly equalled 1 j ton. The second class of facts to 
uhich the author nlluced was the fracture of materials of known 
strength. The instance adduced was a small harbour in Argyll- 
shire, where, in order to preserve the tranquility of the tide bssiJij 
a contrivance, called ''boonis^* well known in harbour architecturei 
had been resorted to* The booms are logs of timber, which are 
placed across the entrance to a harbour, and fit into checki 
grooves, which are made in the masonry on either side. The ^ 
therefore, act as a temporary wall or harrier against the wai 
The set of booms referred to have been in use for about five yearL 
and in that time the waves have broken no less than four MeoiJ 
logs, measuring each one foot square in the middle, and spanning 
an entrance of 20 feet. From the known strength of the materiJU 
it will be found, that nn these four occasions a force muift haire 
been exerted equivalent to the uniform distribution of a de*d 
\v eight of 30 tons, or of thf rate of l| ton per square foot^ while the 
highest result that had been recorded at the same place during the 
short period that observations were made, was about i| fon per 
square foot. 

The last cIbss of effects to which the author alluded was the 
movement of heavy blocks of stone. The information derived 
from such observations wan not so certain or satisfactory as from 
the other instances. The only record he could adduce was Iht 
movement o( a block of stone weiyhiNg about }\ ton^ to which a 
Marine Dynamometer had been bolted. The stone was turned 
upside down, and the dynamometer indicated a pressure of iittk 
more than one ton. 

The author then referred to the overturning of the Carr Rock 
Beacon by the sea in 1817, during a heavy gale, but stated that, as 
we do not know the manner in which waves act when encounter] 
obstacles, it was impossible to calculate what furce had in 
instance been exerted. The part of the column which wi 
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turned wad 39 feet in height, and 17 feet in diameter at the base^ 
the rock being so small ns to preclude a greater diameter. The 
author then concluded by stating the foUowing dejAiderata, which 
helhotight important: — 

1st. Continued observations so as to ascertain constanis for the 
Atlantic and German Oceans and the Irish Se.i. 

^nd. Relative forces of the same wave hath above higb- water 
and below li>w- water levels. And 

3rd. Relative forces of the same wave against vertical and 
sloping surfaces. 
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A IB AND WATEtt IN TOWWfl. 



On the Air and Water in Toicnf, and the action of Porous Strata 
on Water and Organic Matter. By Dr. R. A. Smith, 

It is a matter of great importance to find from what taurce it is 
best to obtain water for largo towns, and how it Js to he cullectad. 
To these points Dr. Smith particularly directs attention. Regard- 
ing the conditions of many springs, which never become muddy^ 
but possess a constant brilliancy and a very etiual temperature 
at all seasons of the year, the aiitbor thinks that there is a purify^ 
ing and cooling action going on beneath. The surface water from 
the «ame place, even if filtered, has not the same brilliancy; it 
has not the same freedom from organic matter, neither is it equally 
charged with carbonic acid or oxygen gas, — there are other influences 
therefore at work. The rain which falls has not the purity, al- 
though it comes directly from the clouds; it may even be wanting 
in cleanness, as is often the case. Springs rise through a great 
extent of soil, and collect a considerable amount of inorganic 
salts^ and it is shown bv Dr. Smith that their purity is due entirely 
to the power of the soil to separate all organic matter, and at the 
same time to Ciimpel the mixture of carbonic acid and oxygen. 
The amount of organic matter removed in this way is surprising, 
and it is a most important and valuable property of the soil. The 
change even takes place close to cesspools and sewers; at a very 
short distance from the most offensive organic matter there may 
be found water having little or none in it. As an agent fur purify- 
ing towns, this oxidation of organic mutter is the most ejctraordinary, 
and we find the soil of towns which have been inhabited for 
centuries still possessing this remarkable power. St. Paul's 
Churchyard may be looked upon as one of the oldest parts of 
London, and the water from the wells around it is remarkably 
pnre» and the drainage of the soil is such that there is very little 
of any stilts of nitric acid in it. If the soil, says Dr. Smith, has 
|[>iiicb a power to decompose by oxidation, we want to know how it 
gets so much of its oxygen. We must, however, look to the air 
as the only source, and see bow it can come from it. When water 
becomes deprived of oxygen, it very aoon takes it up again, — as 
may be proved by experiment. This shows us that as fast as the 
oxygen is consumed by the organic matter it receives a fresh 
portion, conveyed to it by the porous soil. Several experiments of 
the following character were given, to show the filtering power of 
the soil: — A solution of peaty matter was made in ammonia; the 
solution was very dark, so that some colour was perceived through 
a film of only the twentieth of an inch in thicknesii. This was 
filtered through sand, and came out perfectly clear and colourlesjii. 
Organic matter dissolved in oil of vitrol was separated from it by 
a thickness of Htratum of only 4 inches* A bottle of porter was 
by the same process deprived of nearly all its colour. The material 
of which this filter is made Is of little importance. One of the 
best, according to Dr. Smith, as far as clearing the water is con- 
cerned, being of steel filings; oxide of iron, oxide of manganese, 
and powdered bricks, all answer equally well. This shows that 
the separation of the organic matter is due to some peculiar 
attraction of the surfaces of the porous mass presented to the 
fluid* 



■ BEGISTEB UY4SE0&IETEB. 

This instrument was invented by Mr. Appold, for the purpose 
of keeping the atmosphere of his house, in Finsbury-stiuare, at 
one regular degree of moisture. It in made so th»t a variation of 
one-quarter of a degree in the hygrometric state of the atmosphere 
wiU open a valve capable of supplying ten quarts of water per 
hour, and convey it on to the surface of warm pipes covered with 
blotting paper, by which the water is evaporated until the atmo- 
sphere IB 8u6iciently saturated, and the valve thereby closed. 
^ A lead pencil i^ attached, registers the diatftiice the hygrometer 



travels, and thus a sheet of paper moved by a clock would show 
the hygrometric state of the atmosphere at any period of time. The 
instrument is made with two bulbs, a and b, ola cylindrical shape, 
1 inch diameter and l\ inch long, placed vertically, m that the 
surface of the mercury may always be the same siase; the bulbs are 
about 9 inches apart, with mercury enough in them to fill one. and 
connected together by a glass tube, that the mercury may flow 
freely from one to the other, A little ether is placed in each bulb, 
and the remaining space filled with the vapour from the ether. 
The bulbs are fixed upon a balance* so that when one bulb becomes 
warmer than the other, the ether forms vapour in one, and con- 
denses in the other, by which means the mercury is driven from 
one bulb to the other. 
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It will be observed that the wet bulb b, is placed under the 
fulcrum, for the purpose of keeping it always in contact with the 
water; the other end a, is held up by a spring e, connecting 
the two horizontal levers d, and c, so that it can he adjusted to 
agree exactly with the action of the mercury; this is done with 
both bulbs dry, and made to stand in any position, the spring 
counteracting the weight of the mercury. When in use, the 
spring and levers are lowered, aUowing as much mercury to flow 
into the dry bulb as may be required; the drier the atmosphere is 
required to be, the lower tho dry bulb must be placed. The valve 
F, is fixed to one end of the top lever i>, that the lever a, which 
opens the valve, may be always in the same situation relative to 
the hygrometer. In the place to which it belongs the water is 
laid un with a gutta-percha pipe. The brass vessel at top serves 
for a temporary cistern, to i^liow the action of the valve, n, weight 
attached to the lower lever c; i^ set screw for upper lever; m, 
cistern that receives the water from the valve, the overflow of 
which goes on to the pipes; n, overflow pipe* 



DOOR SPBINO HINCE. 

An improvted Door Spring, Invented and patented by Geoegk 
Beattik, builder, Edinburgh. 

In alt Steel springs there is a defect in the want of uniformity of 
pressure throughout the travel of the door, which usually increases 
as the door is opened wider, and makes it disagreeable to the per- 
son opening it; and when it closes, a rapid sbim takes place; and 
if the door has glass in it, it is liable to be broken. By the im- 
proved binge tliese defects are avoided, and there is no metal 
spring of any kind used, the motive power being obtained by the 
pressure of the atmosphere (which is well known to exert a pres^ 
sure of 15 lb. to the sipjare inch) acting on one side of a piston ; 
the other side being a vacuum. In applying this pressure to shut 
a door, about «lb, to the square inch is lostljy the friction of the 
machinery. The pressure of the air acts simply as a counter* 
balance on the piston, the resistance bein^ uniform throughout the 
travel of the aoor when opeoiDg it, ana whea shutting the door 
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the regularity of motion and avoiding of slam is oMained by 
means of a stream of oil being made Ui discharge from a cylinder 
through a large or small aperture, accordinfr to the speed required* 
Fl uid« being almost iiicompreissible, the oil will nut pass through 
the aperture beyond a given rate, which is in proportion to the 
size of the aperture and the quantity to be diacharged, and the 
|ic>wer of the cylinder the vacuum is formed in to press it through. 
There is nothing in the machinery employed liable tci break or get 
out of order* 

The Bir-apring consists of an iron box and cover a, let into the 
floor, which contains a vertical axle b, supported at bottom in a 
hollow cup c, and furnished at the top end which projects nbove 
the floor with a shoulder and lever hinge p, for carrying the door 
on this axle; and within the box is ffistened a horizontal wheel D, 
which is toothed upon a juirtiun of its circumference. On each 
side of this wheel is a rack k, attached to a piston f, which is 
made to fit tightly into a cylinder g, by a cap leather h. In the 
under side of the cylinder is a valve k, ci»mmunicating with the 
outside; in the bottom of the cylinder is another valve l, comniu- 
nirattng with an exhausted chamber* On each aide of the rauks are 
guides Mj for the piston. 



g 



The teeth of the wheel are made to take in either of the toothed 
nicks as the door or gate is opened one way or other, so that the 
piston will he drawn abing the cylinder, U»aVing a vrtcuum behind 
at a wmform and regular de^ee of resistance until the door is 
released,^ when the unbalanced pressure of air upon the face of the 
|»iston will cause the door to resume its original position. 
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FIG 3 



The use of the valve k, communicating with the outside of the 
cylinder is that, in case of a leakage of air behind the piston, it ahall 
be driven by the return of the piston through it to tne outside. 
The us© of the exhausted chamber and valve ^ communicating 
with it is, that a small portion of the 
leakage air or oil which cannot be dis- 
charged through the valve k, leading 
outwards, escapes into the exhausted 
chnmber^ whicli allows the piston to 
get to the bottom, and to bring the 
teeth of the rack in hard contact with 
the teeth of the wheel, and thereby 
keep the door in its proper place when 
shut; in fact, gives it a maintaining 
power. 

The regulator is for tempering the 
speed of the door when shutting^. It 
consists of a small cylinder g, with a 
piston T, made to fit tightly into it by hemp packing; in the 
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piston T, is a conical valve v, opening inwards to charge the cylin- 
der with oil when opening the door. This valve closes when the 
door beidns to shut. At the end of the cylinder q^ is another 
valve^ or what is commonly called a cock, which regulates the 
discharge of the oil which passed into the cylinder during the 
openiriff of the door. According to the size of the aperture i, in 
the COCK, so is the time it takes to discharge the oiU and so is the 
speed of the do^tr in resuming its position when shut, which com- 
pletely prevents the motion increasing beyond what is 
and avoids slamming. 

The box requires tu be filled with lard or sperm oil up 
dotted line o, to seal the piston and keep the whole lubricated. 

These hinges ha\-e been used ft»r some of the public establish- 
ments in Edinburgh with success. 
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Tk^ Ht/perhnlic Law of Eimtie'tUj of Cast-Iron. 
Cox, B.A. Jesus College, Cambridge. 

Tub td>ject of this paper was to show that the extension and 
corresponding tensile force of a cast-iron rod are related to each 
nenrly as the ordi nates of a hyperbola. TFiat the tension and 
extension are not directly proportional, but that there exists what 
is termed a defect of ekmiicity was ahown by Leibnitz, James Ber- 
noulli i, and others. 

The real law of elasticity of any material can be ascertained 
only by direct exjieriments, and differs slightly even for two differ- 
ent specimens of the same material. A\\^ therefore, that can be 
done in expre.-igingthe law by a formula is to represent the avernge 
of several experiments. The results of a set of experiments can 
be represetJted with anv required degree of accuracy by a formula 
expressing the weight ty ascending integral powers of the corre- 
spooding extension. The ordinary law stops at the first term of 
the series; and the modification which most readily sugirests itself 
is to extend the series to the second term; so that if c be the loo- 
git udinal extension of a cuniforra rod, w the weight producing it, 
and A and B empirical constants, 

w — he — Br (1) 

From the experiments recorded in the Report (1849) of the 
Commission *^S'ippoiiited to imiuire into the application of Iron to 
Railway Structures/' it is manifest that the formula (I ) adopted in 
the Report is suliject to unavoidable inaccuracies. Light formula 
are given for extension of different kinds of iron; and it is observ- 
able in each case, without exception, that at least one-half, and 
generally more, of all the results of each set come together in the 
middle of the series with the errors in excess, and are preceded 
and followed by results in which the errors are in defect. The 
general character of the errors is therefore this — they are at first 
negative, then positive, and increasing in mjignitude up to some 
term near the middle of the series. They then decrease till they 
beeonio negative again. It mav be shown by simnle algebraical 
reasoning that the error may be nearly expressed by the first, 
tsticond, and third powers of the weight; and tiiis expression^ added 
to the original formula, gives a cuMc fornmla which is more cor- 
rect than either the quadratic or bi-quadratic formula as obtained 
in the Report, 

All these formula lead to very complicated results in their ma- 
thematical applications. That, however, which is here proposed, 
possesses the advantage of far greater simplicity combined with 
accuracy greatly exceeding that of the quadratic formula. 




Fig, 1- Pig, 2. 

If e be the extension of a rod jiroduced by a stretching weight 
M», it will be found by examination of the experiments thai the 
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relation between e and U7 may be closely expressed as fallows:— 

which is the equation to a rectan^ikr hyperbola of which <» and w 
ar« the coordinates. Let (fig> 1} CA, CB, be the asymptotes; 
then referring to the above e(juation, e and w will be measured 
mlong the axes oe, oil\ respectively, o Imng the orij^in. 

Similarly^ the formula it = A* — Btf' is the efjuation to the para- 
lM>la (fig, 9) I o«, ou?, are the axes of « and w; AB the axis of the 
curve, and A its vertex. 

The formula now proposed ximy he therefore considered to exhi- 
bit TDB HYPEABOLic LAW OF ELASTICITY, and the last-mentioned 
formula tbb PAaABouc law, in consistency with the numenclature 
adopted by James Bernouilli in the 'Acta Erudltorum* of Lei|)sir, 
1694, In the tables accompany iog- this paper, compurison is iiiade 
between the two formula fur cases of extension and dcfleetiou; the 
accuracy of the furmer is whown to be always the (jrreate**t — the 
error of the parabolic formula bein^, on the average, betwet-n 
three and four times as j^eat as that t*f the hyperbolic formula, 

Aasumingr^ then, the nroposed expresisian for the exiension cif a 
rod of a unit of length and a ujiit of sectional area, and the 
AQaiagouii one for comprefiiun (rf), by a weight (ic), 

yd 

itf ^ — 

1 +»d 

It is found that the deflection /, of a rectang-ular beam of length 

Sa, of depth 2*/, in the direction of deflection^ and width ^, by a 

force 2 P, applied perpendicularly at the centre of the beam, is 

16 a-\- J y 

which is the hyperbolic formula for deflection. 

Hence, an expression is deduced for the ultimate deflection of 
rectangular beams, from which it fnlhiws that their strength is as 
their thickness and the cube of their depth directly, and as the 
len^h inversely — the law usually adopted in practice hitherto. It 
is true that this law was not formed to he fol towed exactly in the 
experiments above referred to, where the maijnitude of the btsims 
ditfered ^'^reatly; but the irregularity is explained in the Report as 
due principally to the siiperii»r hardnes^'^ of small castings. 

Lastly^ by substituting in the above formuhi for the deflection 
numerical values of y, a and ^, obtained from the expt'rimeuts on 
extension, the numerical co-efficients are obtained in the formula 
for compreasioii. I^hia method seems to tend to more correct 
results than the experiments on direct compression, detailed in 
the Report, For those r*-'suUs are extremely irre^uhtr, and were 
vitiateu by the inclosure of the compressed rod in rectan^ylar 
tubesL, the sides of which were prest^d by the rods when they 
became bent; and this pressure had i^reat effect to resist the com- 
pressing force at the end of each rod. I'he oumericul values of 
the co-efficients of comprestiion in the hyperbolic formula a^ree 
closely together when computed^ by the ahove-meutioned method, 
from experiments on deflection of different burs. 

The great desidenitum for the improvement of the hyperbolic 
or any hypothetical law of elasticity is a knowledge of the manner 
in which the stren^h of cast metal is influenced by the magnitude 
of the casting; audit is to be hoped that this defect of practical 
knowledge will not long remain unsupplied. 
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VALVE OP WASTE OASES PROM BLAST FURNACES, 

On the Value of the GoJtefius Escape from tite Blast Furnace* at 
the YittUferu Iron-work^^ in Waieg. By Mr, Falmer Blod, 

Mb. BiTDD stated that, since the meeting- of the Association at 
Swansea^ he had continued, and with increased yuccess, to apply 
the waste g-ases that escaped from the top of blast furnaces, to the 
manufacture of iron; and it was the result of his farther experience 
applied to the whole of his furnaces (nine in number) since that 
period, that he now wished to submit to the Section. He con- 
sidered that he could not have f alien on a better locality for this 
purpose than Scotland, where the iron trade has been developed 
with a rapidity that is ipjite surprising, and quite characteristic of 
the enterprise of Scotchmen. Twenty-Jive years a^o, Scothind 
wa-i of n<i importance in the iron trade, but since then the produce 
of iron in Scotland had iucrea>4ed to between six and seven hun- 
dred thousand tons a-year. In that short period Scotlaud had 
accomplished a production which Staffordshire and other placets in 
England took two hundred years, and South Wales a hundred 




years to accomplish — the make of iron in Scotland being now 

e^ual to that of either Enjfland or Wales. This gnreat accession 
to the produce of iron has had a sensible effect on its price ; but as 
he believed that necessity was the mother of invention, and that 
nature had in store for us an immense reservoir of riches to be yet 
devehjped, he was of opinion that the tendency of all this cheap- 
ness was to teach us that nttthing should be wasted, and that we 
should kiok forward to the time when the smoke that at present 
contaminated the atmosphere, and the filth that polluted our 
streets, would be regarded as too raluiihle to be wasted. 

VV^hen we considered the utility of iron, its low price, and its 

f general distribution in the deposits" of every age-, we could not but 
ook upon it otherwise than as the great agent in modern civil- 
isation. 

Mr Budd then referred to his mode of applying the gaseous 
escape, and said it whs well known that there were two descrip- 
tions of furnaces used for metallurgic purposes. The one was the 
blast furnace, into which air was injected, by mechanical means, 
at a great density, so as to penetrate upwards of forty feet of dense 
materiaU; and the other the reverberatory furnace, where the fire 
was produced by means of the draught of a chimney stack. What 
he had accomplished was by combining these two,«o that the gaseous 
products of the furnace, instead of escaping through the funnel 
fiead, were drawn sideways by a high stack, and passing through 
the aloves and boilers, leave behind the necess^iry temperature of 
the blast and of the steam. In a blast furnace the ores are smelted 
before the tuiferejf by the conversion of the solid carbon into car- 
bonic acid, whirh, pjiSi^ing up through the middle region of the fur- 
nace into a bath of carbon, was reconverted into carbonic oxide, 
capable of combining with a farther dose of oxygen. It would be 
thits seen that the whole of the carbon of the fuel should be present 
at the tf>p of the furnace in a gaseous form. When the British 
Association met at Swansea, he had not used the gaseous escape 
at Jiny great distance from the furnace, his stoves and boilers being 
very clost^ly contiguous. Further experience, however, had proved 
that by the aid of a stack at the end of the chain of sufficient 
dimensions, the gaseous escape from the furnace might be made to 
travel in the most tortuous directions, descending to the stoves 
built for heating by the us^ual fire-places, and traversing the boil- 
ers j the only condition absolutely necessary being that there 
should be an unbroken counuunication with the high stack at the 
end, into which tlie ga-seous escape might at last pass, and by 
which it was drawn forward, instead of passing off wastefully at 
the funnel-head. VVhen, however, the draught was carried down- 
ward, ami Ut hmff distances, he had found it necessary to drop 
into the top of the furnace a hopper or funnel, made of sheet-iron, 
wliicli acted as a shiehl at the mouth of the horizontul flues, and 
prevented tht^m from eitlier beiug affected by high winds, or from 
being choked up by the materials thrown intcj the furnace. 

Tire reason, no doubt, why this funnel was not applied before 
was the grent apparent temperature at the funnel-head. In 
practice, however, it wns found that until the gaseous escape 
mingled with the atmosphere, its heating power was not such an 
tu iujure sheet-iron, or even to make it red hot. In fact, so long 
as there was an escape upwards, the iron funnel would not be in- 
jured. The dnmage arose duriug and after stoppages of the fur- 
nace, when the bhtst was obstructed in its passage upwards by the 
settlenieut of the materials in the furnace, so that the atmosphere 
Tusheil clown to meet the ascend injf gases, and of course, caused a 
very high local temperature. His practice was to exclude the 
atmospheric air as much as possible. The affinity of the gnses for 
oxygen was so great that the air leakage raised the temperature 
quite sufficient for s^ifety, w hi 1st the full combustion of the gaseims 
escape would melt down the bricks in the flues, and destroy tho 
texture of tlie iron tube. It was not possible for him to say what 
Gombinotions took place at high temperature, where carbonic 
oxide, carbonic acid, hydrogen, mid nitrogen, were mixed in such 
proportions. At any rate, lie found a smothered combustion to be 
the most suituble and economical for the purposes in view. 

He was hj*ppy to say that, at length, the applicjition of the 
gaseous escape had been tried in Scotland ; and that at Dundy van 
and elsewhere it was now in successful operation. The peculiar 
i|ualjty of the furnace coal of Scotland being what was called in 
South Wales '*free burning," which, when put into the furnace 
raw, coked sufficiently in its descent, gave out an enormous escape, 
so much so that, upon a rough estimate, he calculated that the 
waste from oue furnace in Scotland was sufficient to heat the 
blast, and to raise the steam fur three. With anthracite coal, the 
minimum effect was obtained, as it was a dense fuel of nearly 95 
per cent, of solid carbon; but in Scotland there would be an 
enormous surplus at the funnel-head. 
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He expected, from the well-kuown ftagacity of the Scottisih 
l*er>pie, that when truly embarked in this mode of operation the 
neatest {Kiasible use would be made of it : and he would not be 
eiurpritied to tiee heat let out, like mill-power, for liurning- briek:i 
and tither simihir purposes. He felt, however, anxious that the 
jipplicHtiun shoiilrj be made under the superintendence of com- 

tieteiit parties, AS he had known several instances where the phm 
iiid been abandoned from difBcultie^ that might easily have been 
Murmonnted under proper directiousa. He was quite aware that, 
by the plan he had pursued, the utmost heat wan not extracted 
from the f^ases; and that, by different means, a temperature might 
be obijiined ciipithle tif performing ail the operations of the forge; 
and if it be true that the solid carbon of the furnace in its escape^ 
AH carbonic oxide, would unite with another do>*e of oxvgen f4>r 
saturation, there could he little doubt that, with properfy consti- 
tuted gas furnaces, there was eaoiiph at presient passing tiff to 
I'vOuvert the pig iron into bar iron. He hoped some of the iron- 
misters of Scotland would follow up thiij hint effectually with 
regard to the remaining processes reijuired for making mailJeahte 
iron. He observed that the saving at the Dundyvan Iron-works 
was stated to be about l| ton of coal for each ton of iron produced. 
Supposing, therefore, 600,000 tons of iron to be the produce of 
Scotland, and supposing the value of the coal used to be lU, a ton, 
the Having that would thus be effected on the make of Scotland 
would amount to 112,500/. a-yenr; to which might be added 
20,000/, a-year of saving in wages and repairs, which would m»ke 
a total »iivi ng of 132,500/., or about U. od, a ton on the prt»duce of 
Scotland, which on the present price of tt*. per ton, was about 
TO per cent, on the value. If the gaseous escape c«*uld be ex- 
tended to the uses of the forge, a farther saving of three tons of 
coal would be effected— thus making, at least, a saving of 120#» a 
ion on all the Iron manufactured into bars, sheets, and ruils. 



KLECTRtCITY AND DRAT AS KOVtNO POWERS. 

On the ApplictUimi qf Electricity and Heat as Mming Powers* By 
j\Jr. 1'etbie. 

From the dynamic e<iulvalent of electricity, we can infer an 
important fact that one-horse power is the theoretic or absolute 
dynamic force possessed by a current of electricity derived from 
I he coiisumpt of l'5<j lb of zinc per hour in a Daniells' battery. I 
But the best electro-nuignetic engine that we can hope to stee con- I 
structed cannot be expected to give more than hnlf or a fourth of , 
this power; in any case we see here the limit of power which no I 
peifectton of apparatus can make it exceed. The peculiar mode j 
in which the electric current produces dynamic effects has led to i 
much miscalculation respecting the power obtainable from it. In 
any sort of electric engine the material to which the neighbouring i 
current gives motion^ whether it be another moveable current, or, 
what is more usual, a magnetic liody, is impelled in one direction 
with a constant force, and thk force, whether it be attraction, 
repulsion, or deflection, is, like the powers of gravity, sensibly 
constant at all velocitie^j, however fast the body recedes before the 
action of the force, provided only the same quantitv (per minute) 
of electric current be maintained. Thin is quite different from the 
action of steam power, in whiL^h the faster the piston moves the 
greater is the volume of steam i»er minute that must be supplied 
to move it, or eh^e the less will he the power with which it nioves. 
— This fact, then, that the force with wiiich an electric current of 
a given quantity moves the machine, is the same at any velocity tvf 
motion, hears no analogy to the case of steam, but wtmid indicate 
that the dynamic result obtainable from a given electric current 
might be infinitely great; and so it would be, were it not that the 
part moved alwuys tends to iud"ice a current in the wire in the 
reversed direction, and this inducing influence, which increases 
with the velocity of motion, conflicts with the original current and 
reduces its quantity, and consequently reduces the power of the 
motion, i\& well as tlie consumpt of materials in the hattery. Some 
have imagined that possible alterations in the oosition of the pjirts 
of the machine, or in its mode of action, would avoid the evil, or 
even might make the induced current to flow with the primary 
iturrent instead of against it; the impossibility of this, though not 
readily proved in detail, can be at once proved by reference to 
general principles. It would, if true, be a crcntiim of dynamic 
force — the evolving an unlimited force from a limitod source. 
The tendency to an opposing induced current in the nrimary wire 
must, therefore, be iiivolve<l in the very princij>lc of the system; 
i**i that no ingenuity can ever get rid of the retarding influence of 
the induced action; and the only way to overcome its power, wo fis 



to maintain the primanr current from faUing below a given rate or 
quantity when the machine is allowed to attain rapid motion, is to 
increase the electro-motive power of the battery, the intensity 
(not the quantity) of the current, bo that it should be less affected 
by the opposing induction. 

The practical importance of these not altogether unknown 
truths, may justify the above somewhat particular notice of tbem« 
For want of a clearer apprehension of them, inventors have ml»- 
apprehended the direction in which improvements were to be made 
and much ingenuity and meaus have been wasted^ 

Some of the best electro-magnetic engines of other inventort 
that have been properly tested by the author and others, on a prac- 
tically useful scide, have only given a power at the rate of 50 to 60 
pounds of zinc per horse-power per hour. The smaHness of this 
power in comparison with the absolute value of the current (1*56 
pound of zinc per horse-power per hour) should not occasion aur- 
tirtse if we consider the present case of steam after manjr yean of 
improvement. 

According to the determinations of YouU and of Rankine on 
heat, one pound of water raised one degree of temperature, is 
equivalent to 700 lb. weight raised one foot. Tlie author then 
proceeded to show that the best Cornish engines only yield -^^ 
of the power that the combust iou of the carbon actually reprcsenta, 
and many locomotives only ^^t\i part; — showing what great 
rewards may yet await the exercise of inventive genius Id tbia 
department, and that we need not wonder that we have, as yet, 
only obtained ^nd part of the power possessed by electricity. 
But it is to be remembered that there is a far greater likelihood of 
obtaining a larger proportion of the real power from elec-tricity 
than from heat, owing to the character of the two agents. 

Mr, Petrie then proceeded to explain the reason* why so little 
of the power of heat could be obtained in a useful form, even in 
the best steam-engiue«, and whnt were the diflSciilties (ot invention 
first to overcome in order to a better result. 

In the case of electricitv, however, there is no analogous diffi- 
culty ; but we have iustead, the difficulty and ejipense of developing 
current electricity by the chemical actions now requisite. H 
carbon could be burnt or oxidised by the air, directly or indirectly, 
dO as to produce electricity instead of heat, one pound of it would 
go as far as 9^ pounds of zinc (in a Dauielb' battery) chiefly 
hecaime there are as many atoms in one pound of carbon as there 
are in A] pounds of zinc, and uartly because the atlinity (for 
oxygen) of each atom of (incanuescent) carbon is greater than 
that of an atom of cold zinc, minus the afhnity of the hydrogen for 
the oxygen in the water of the battery. Apart, however, from 
such prospects of improved meatjs of obtaining electricity, iti 
favourable feature, on the other hand, in compariison w ith heat, ti^ 
the reasonable expectiition that we may obtain from electricity a 
ctmsidenible portion of the power which Mr. Petrie has detennined 
aa being the dynamic equivalent of the electric curi-ent. 



BEVOLVINO LI OUTHOUSE LIOHTS. 

On the Limits to the VehK'itif of Revolting Lighthoute Apparatu0 
(aitftcd ht/ the time retfuired for (he prixtuction of Luminous ImpreetioM 
i}ii thii Eye. I^y Wwiaxm Swan, F.R.S.E. 

The object of this communication is to ascertain the greatest 
velocity that can be given to a revolving lighthouse anparatuji, 
viitliout imuairing the brightness of the light. It is well known 
that at a given di.Hiance the apparent brightneiis <}( a revolving 
light exceeds that of a flxed one, supposing the intensity of the 
sijurce of illumination to be the same \n both cases; and this effert 
i^ due to the fact tliat the revolving apparatus collects all the light 
ioto beams of nearly parallel rays, which illuminate only a ftmall 
portion of the horizon at any instant, while the flxed apparatus 
snitters its rays over every point in the horiitoD. The question 
nii^^ht occur, is it possible to continue the superior intensity of the 
revolving with the constancy of a fixed liglit by increasing the 
velocity with which the apparatus revolves so as to cause its naahei 
tti reach the eye in rapid soccession? The attempt to combine in 
this manner the advantages of the two systems of lights wai 
acluallv made by the late < 'aptuin Basil Hall, who, founding on 
lite well known phenomenon of the peri*istence of impressions on 
the retina, conceived the ingenious idea of causing a revolving 
light to rotate so rapidly as to produce a continuous impression on 
the eye. 

The practical efficiency of this arrangement waB tested by Mr- 
Alan Stevenson; and the result of his expertmcnts is described ia 
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limrMent work on the Skerryvure Lijftithoufle.^ An octa^nnl 
frame, carrying- eight !erib««^ was made to revolve with various 
degree!] of rapidity, ami the light was ob^rved at a distance of 
1 Smiles. Jt was then found, that as the rate of revolntion waa 
accelerated^ the apparent briyrhtnesis and volume of the flaehett 
diminiiihed; until when a velocity of eight or ten flashes in a second 
wiM obtained — the light became almost invisible. Mr. Stevenaon 
correctly ejcplaina thia result by suppftging, that when the lenses 
revolved rapidly the light had not sufficient time to produce it» 
full effect on the eye. U hile these experimenta sufficiently prove 
the impossibility of obtaining the result Captain Hall had in 
fxintemplation, yet in the absence of definite information regarding 
the connection which subsists between the apparent hrighinesB of 
an object, and the time during which h» light has acted tm the eye, 
it 18 obviDURly impossible, without actual tnal. to asaign the limit 
to the velocity of a revolving light. Thii^ information h supplied 
by the author a researches on the time required for the production 
oi luminouB impretisioni on the eye, piibUflhpd in the ^Transactiiins 
of the Royal Society of EdinbtiV^b for 1SI9. His experiments 
were conducted by means of an appjiraiu!*, consisting of two screens, 
each with circular apertures an inch in diameter, to which are 
fitted pieceu of ground giai4». The apertures are illuminated by 
gas burners, which admit of having their distances from thef^creens 
varied at pleasure, bv sliding their supports along the plank in a 
p'oove cut in it for that purpose. The brightness of the apertures 
in the screens is observed by moans of a rectangular pnsm of glass 
placed half-way between them, with its faces inclined at angles 
of 45^ to the line joining their centres. By this means the aper- 
tures are seen in apparent contact, and their relative brightneaa 
cao thuiB be compared with great nicety. A diac is made to re- 
volve on the axes in front of one of the screens, having a sector of 
wn angle cut in its circumference; and in this manner the 
ure ii3 seen for a short interval of time at each revoltitiun of 
disc. The time during which the light acts on the eye is easily 
ascertained, by knowing the velocity of the disc^ and the ratio 
the arc of the sector bears to its whole circumference. 

Before clausing the disc to revohe, the apertures in the screens 
are made equally bright by varying the distance of the light from 
the screen. W^en the disc ii^ tlien made to revolve, the apparent 
krightne«?s of the aperture behind it j« instantly diminished; and 
the equality of the brightness of the aperturea in the screens is 
restored by increasing the distance of the light from the screen. 
The ratio of the biightncsH of the impression produced by the light 
during the revohition of the disc to the brightness of the impresj^ion 
when seen by uninterrupted vision, is that of the squares of the dis* 
taocesof the light from the aperture before and during the revolu- 
tion of the disc. By means of this appnratus, it was found. — I. That 
when light of a given intensity acts upon the eye for a short space 
of time, the brightnefis of the luminous impression on the retina 
ifi sensibly proportioned to the time during which the light con- 
tinues to act. Thus, the intensity of an imptessimi made in '01 
seconds is almost exactly T\-th of the brightness of the light when 
aeen by uninterrupted vif<ion; and the intensity of the imprei^slon 
is exactly doubled in '02 seconds, — 2. Lights of every degree of 
intensity produce their impression on the eye with equal rapidity. 
—3. The time required to produce a complete impression is about 
one-tenth of a second. 

The conclusion to be drawn from these experiments seems to be, 
that in any proposed revolving light, the velocity of rotation ought 
to be regulated so that the duration of each flash must at the very 
least exceed -jVth of a second. This velocity can be easily calcu- 
lated, for the are of the horizon, included by the brightest portion 
of the Haah, is equal to the minimum divergence of the rays; and 
this, agnin, is equal to the angle which the horizontal diameter of 
the flanke subtends at the edge of the aperture of the lens or re^ 
flector.t 

If, then, t ^= the time of a complete revolution, t' ^ the dura- 

tion of the flash, and a = the divergence of the rays, t t^ • 

\ Or, if we take i* — TSpth of a second as the shortest allowable 
diameter of the flash, we shall have a I ^ 7'2. Thus, in the case 
of the lens of Fresnel's revolving light of the first order, the 

^ minimum divergence is 4,° 44'; and the greatest veif»city of rota- 

^ tion that could be employed without necessarily dimini«<bing the 
apparent brightness of the flashes would be 7*6, or nearly H seconds. 
In like manner the greatest admiswible velocity for a parabolic 

.reflector* whose focal length is 4 inches, and its greatest double 
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ordinate 2\ inebea, illuminated bv a flame one inch in diameter, in 

one revolution in nearly 7 seconds. 

In stating these cases, it in not of course assumed that so great 
velocities would be found suitable in practice. All that can be 
inferred from the experiments with certainty is this, that any pro- 
poged arrangement which should employ FresneFs great leni with 
a velocity exceeding one revolution in 9 seconds, would necessa' 
rily be disadvantageous; or more generally, that in every light* 
hiiuse arrangement, care must be taken that the flashes of light 
have time to act on the eye fur more than one- tenth of a aeoond. 



COOUKO THB ATMOSPHEaB OF BOOMS IN TSOPICAL 0X*UL4TB8. 

On a Method of Cooling the Aimowphere of Room* in a Trophal 
Ciimate, By Professor C. PiAxai Sjtvth, of tlie Edinburgh Ob- 
servatory. 

The difficulty of effecting this object is so great, even in cooler 

countries, that while the apartment of a sick patient during winter 
is preserved carefully and easily, by means of a fire, at any desired 
temperature, if this be much exceeded during a few days In sum- 
mer by the atmosphere, although the patient may visibly suffer 
from the heat, still the case seems to be thought so hopeless that 
the physician and friends are generally content merely to lament 
the untoward warmth of the weather; or, perhaps, in a few cases, 
to try to counteract some of the minor con8e<iuence8 of that pre- 
judicial cause. 

If the problem now proposed is to be solved in all its entirety, 
it must be stated thuii: — 

In a country where the thermometer stands at or above 80* 
Fahrenheit all through the 2i hours, both summer and winter, and 
where there can be no cot)lness in springs, wells, rivers, or the 
night air; and where th/^ atmosphere is wturatefi with mm»(urty so 
that no cold can be produced by evaporation, — to lower the tem- 
perature of the air in rooms; to keep up a constant supply of pure 
cold air; and to remove that which has been warmed or otherwise 
vitiated. 

To meet such a case, the present Indian methods are utterly in- 
adequate, for the punkah, in its various forms, merely serves to agitate 
the air, and does not cool or nnrify it in the slightest degree. The 
wet mats which in some plflces are hung before windows, and 
being blown through, naturally or artificially, cool the transmitted 
air, would be inapplicable in the case now before u% where the 
air is saturated with moisture. And even where they can be em- 
ployed, their use is objectionable on the ground of their adding m* 
much moisture to air already overloaded with it; for it cannot be 
too strongly borne in mind, that in warm countries, though tlie 
air may often feel dry to the human frame, that still, on account 
of the air's capacity for moisture increasing with the temperature, 
there may be a far larger amount of watery vapour present than 
even in a Scottish mist. 

And these are all the methods which have yet been brought for- 
ward for the relief of suffering humanity; for the bane to be 
removed is the too high temperature of the food of the lungs and 
the skin. The use of cold meatw and iced drinks for the stomach 
must be regnrded as a forlorn hope, and a mistaken idea, 

A cumplele remedy would, however, seem to be presented in 
the property of air in increase in temperature on compression, and 
diminish \m expansion — a fact strangely overlooked for this pur- 
pose, seeing how often workmen are stumbling unon it, while 
every book on Hy dray lica contains an account of the Schemnitz 
machine, where air rushing out from great compression freemen the 
drops of water that issue with it; and every work on Natural Phi- 
losophy describes the syringes in which, by the sudden compression 
of air, tinder is ignited. 

When cold air is to be produced in this way, it is evident that 
as the quantity of heat continually decreases for each succeeding 
atmosphere of pressure, it is doBirable so to arrange the machine 
as to compress the greatest possible quantity of air the least degree 
necessary to produce the required temperature, than to obtain 
ejKceeding cold by compressing violently a small quantity of air, 
and diluting that afterwards with a larger quantity of common 
air. 

After so me consideration,* a compression of one-fo nrth an at - 

* If mfcchin pry cc«iJd b« exocutod perfectly , & bifh degree •/ oouipri-itioii mithX l>« 
«ixert4^, and iha «oinpni*rd uid eoril^d *ir mlfrht be tnade to ri'tct In \U «iiptn«lan of 
tht back pf tb« pUtoD wliich ii c<impfp»itiii tbo %if in front of U; tliiif ctTlnt all ib« 
power ex«rtiKl but that lo»i lu rricUun, diminlfclied bulk of Ui* coolnl wr, ainl jvp*'* 
feet eip«Aflofl tud letJcagf ; but on lubmitlltig th« iuu.tter lo ciiicut&tiau, (ber« dt4 BOl 
•Mm to be Miy poMlbllity of adopting tba ni#rtiod with B4f&nlft|« in the pi^MBt i 
tat* dflfUM of ptfflKtIoD or |)fi«tuiulie tf»fto«« 
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rooBphere has 1)6€ii thought to he sufficient in inost ca^es; and the 

following arrangement of the machinery has heen atlojited for a 
one-hor«e power, which may he expected to fiirniBh a roum with 
hhout 80 cubic feet of air per minute, cooled 15^ to 40^ below the 
atmosphere outside. A douhle-actin^c rtir-pump, 9 inch diameter, 
and IH inch stroke, making 6U douhle strokes per minute, with a 
jiicket of coid water round the cylinder to mitL^''ate the heat of 
ftiction^ forces the air into the lower end of a coil of c(»pper tube, 
(Mmtaiiied in a tuh of water, 3 feet diameter and 5 feet high, where 
the cooling h effected* At the upper end of the tube is a safety 
valve, which permits an escape of the confined air, when it 
exceeds 7 lb* on the square inch, into a larger tube, which at once 
cunductH the now cooled atr into the desired apartments. Where 
I be work iii constant, the piston ftbould have a nietiLllic packing, and 
the usual contrivance in litilk should be adopted for changing the 
water of the wt*rm tub. 



A^ air pump i B, ititt tronn hil»i e, Inlet ntr voire ; rf, outlet *»1ye for compfpwd 
•irj r, wnrm-Tub; /, chamber for ooti»prM»f(1 and cimlcd air; j;^ loBcl*d ¥alvr to ivRtilar^ 
cumprtuioni h, tube tor txtmnt^td air; j, vaitfe tc> reguLkiltf eipitaaluni 4;, tube lur ldu- 
veylng (be rxpvudtd ahr tu tbe i-oona to be tuxiicd. 

The room to bo filled with cold air ishonld either be surrounded 
by a wmll, unbroken by doors and windows, to at least 1 feet in 
height; or, which would be the better plan, should he sunk that, 
or a greater depth, in the ground* For the exit of the warm air, the 
opening of an upper sash of a window will be quite sullicient. 

IVitb regard to the power which is necessary to work the pump, a 
small steam-engine, though convenient as sulmerving a residual 
difficulty to be presently mentioned, would perhaps hardly be suit- 
able but for a very few spots in fndia. A pair of bullocks would be 
the power most easily procurable in tbe ^reatcist number of places, 
and at a very low rate. The manufacturer here should tljerefore 
send out with the pump a portable ^* horse-work," i. «. u small mill- 
work, such as horses or o3cen might be applied to, and which by 
means of wheels and pinions or bands, should produce the necessary 
quickness of motion fur the cranked axle oi the pump. Where 
water-power is available, it should on no account be neglected; 
and in the majority of cases it is probable that the wind might be 
turned to good account. 

So much for tbe «ort of power by means of which the cordiug 
apparatus i» to be worked. But this being supposed to answer, a 
residual diificulty may be expected to arise in many cases — the 
cooled air will be found unpleasantly moist. This may be cor- 
rected by the natural tendency of air to deposit its moisture on 
metallic bodiiiii colder than itself; and by making tbe tube which 
conveys the cooled air into the room paws through a still colder ves- 
sel of water, the moisture will be condensed on the insitle surface 
of the metal, and may be conducted away iiy a sulisidiary pipe. 
Where mechauicjd [lower is cheap, this vessel of water may be kept 
^t the hvt temperature by passing through it air which has been 



compressed to a still greater degree than that conveyed through the 
ti*bei5 to tbe rooms; or where fuel is cheap, by the liquefaction of nalts* 
Of this kind, a great number of freezing mixtures have lately been 
produced, and the exact constituents have been kept secret oy the 
manufacturers; but it is probable that no more convenient combi- 
nation can he employed than saltpetre and sal-ammoniac, both 
easily procureabl* in India; and, having the unusual property 
anion jfst sidt!* of crystallising sejmrately from the combined solu- 
tion, they may he used over and over again ad infinitum^ emploving 
a fire if natural means are insufficient for evaporating the fluid. 

We thus see that there is a natural law which we may avail our- 
selves of, to cool air to any extent by the employment of mecha- 
nical power; and simply in compresaing air by means «if a forcing 
ptimp into a clf^sed vessel, which is a good conductor of bent, as a 
coil of pipe under water; the air will rise in temperature at first 
to a degree proportioned to the compression, aj>y JO^ Fahrenheit 
above whatever it was before; so that whether the atmosphere we 
begin operations in is 70% or 100% or 120^ Fahrenheit in the 
shade, it matters not to the success of this meth(jd. The oora- 
uressed air, which would thus have risen in tbe intermediate case 
from 100^ to 1 0\ would by deijrees give off that extra heat to the 
water surrounding the cooler (it is only necessary, it will be ob- 
served, to have a certain quantity of water of a temperature not 
above 100% which in general will not be very difficult to obtain); 
and if the air then he allowed to escape from the pressure and con- 
finement into tbe atmos]*here, it will fall again 60^ below 100% or 
be found at 50° Fahrenheit. 

If the air had been allowed to escape immediately after compres- 
sion, its temperature would not have been filtered in the final re- 
sult, it would have been increased certainly on ccmipression to 150°; 
but then expanding from there, the cooling effect could only bring 
it down to 100°. If, however, as described above, ice carry off tH 
eJrira 50"^ htf eonduttiofi and radiation duriitg (he time of the nir 
being in the voinpreK^ted xtate^ then it evidently must issue at the low 
tenkperature of 50^ Fahrenheit; and if a sufficiently large pump 
is kept at work, and the cooler of the compressed air be sufficiently 
extensive, there is evidently no question but that of expense lo 
prevent us from having a constant stream of any amount of air 
issuing from the other end of the apparatus, and cooled to any 
extent that may be desirable. 

This I believe is the first time that this property of air has been 
put into requisition for any purpose of tbe sort, but it fir*t 
occurred to me in South Africa in 1843, In 1hI4 1 had a small 
apparatus made to test this matter experinientally at tbe <.'ape» 
and a larger one in Edinburgh in 184-7; and in this way soon ascer- 
taiued that the quantity of rise in the temperature of air for a 
small degree of compression was so great (about 30^ Fahrenheit 
for I of an atmosphere), tiiat there could be no doubt that when « 
goou arrangement of the machinery had been planned, and when 
it hud begun to be miiinifictured on a large scale, it would be 
found to he abundantly within the means of most of our country* 
men in Judia and in tropical climates. 

Thus I hnpe that the general problem of cooling tbe air of 
rooms in tropical climates, may be considered to have been com* 
plctely solved, and that by no very expensive means or compli- 
citted apparatus. And Hhoidd the Society be of the same opinion, 
and private gentlemen be disinclined to run the risk of incurring 
expense for a macJiine which has never yet been practicidly trietl, 
then I do hope th;tt ^*tniG steps may be taken to urge on the 
litiuourable East Indit* Company or her Majesty's government, the 
propriety of trying the experiment in some of the large hospitals 
where the plan could be so much more efficiently carried out und 
superintended than in a private establishment, and where so many 
of our countrymen may be suffering, and even dying, at tbi« 
moment sheerly friim the effects of too much warmth in the 
atmosphere. 



ATf^ANTIC WAVES, 

fhi Athmtic WaveM^ their Magnitude^ FekcUy, and Ph 

By Dr. Swukshy^ 

Dlirinq two passages acroa« the Atlantic in 1847-8» I had oppor- 
tunities for investigating certain elements respecting deep sea 
waves more favourable than had ever before occurred within my 
experience in navigation. These observations, it should be noted 
in the outset, and the results deduced from them, were entirely 
uninfluenced by, and separate from theory. They form but a con- 
tributiim to this interestiof^ branch uf natural phenomena; but I 
offer them the more readily from the circumstance of their entire 
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if]4e]}endenc7 and speciality. It was in our return vayage from 
~ \niericH that the highe^^t neaa occurred, when the clrcuniatnnceij 
iHpted for int*? resting- ob^ervatioiiH were singularly favourable; 
rhiltit the magnitude and the peculiar construction of the 
ipper works of the sihip — the Hiheniia — afforded various platforms 
Hf deterniiuate elevation above the line of flotation for ohserva- 
lonii on the height of tha vaves, the direction of the ship s course^ 
Fvith r^pect to that of wavea, was g^enerally an nearly similar as to 
^idd the most advantageous ugreement or accordance for obiter va- 
aotiit on their width and v6h»city. The»e observations I shall ex^ 
^"^ , in their order, from my journal kept during the homeward 

ly first observation worth recordinsc is under the date of 
[March 5^ 184S, when the ship was in latituJe about 51% and lutip- 
llude (at noon) 38" 50' VV\— the wind then hein#f about W.S.W., 
Ittnd the ahip*^ course, true, N. ^2'' E. At sujiset of the 4th the 
l*ind blew a ^ard^ate, which, with heavy sijunlls^ had ctmtinued 
{during the ni^ht; so that all sail was taken in but storm-iitHyiUiil 
(forward. The barometer stood at '29-50 at 8 p.m,, but fell 
llo rapidly as to be at vi8*3<J by lt> the iu*xt morning. In the 

I Afternoon of this day I stood some time on the liuloon deck or 
Ecuddy roof — a hei^ht^ with the udditioo tif that of the eye, of 
JS3 feet 3 inches above the line of flotitliou of the ship, — watch- 
liug the sublime spectacle presented by the turbulent waters. I 
l«n not aware that I ever saw the sea more terribly nui^nificent, 

I I waa anxious to ascertain the height of tfoise mighty w^tve'i^; but 
(found almost every wave risiing so much above the level of the eye, 
[as indicated bv the intercepting of the horizon of the sea iu the 
I direction in which they approached us, as to yield only the mint- 
\miHm elevation, and to show that the great majority of thetie rolling 
[ masses of water possessed a height of considerably more than ^4 
I feet (including depression as well as altitude), i»r, reckoning from 
[ the mean level of the sea, of vmre than 12 feet. £xpO!>ed as the 

■ituatiou wa*», I then adventured to the larboard paddle-box, which 
was about 7 feet higher, where the level (as ascertained afterwards 
at Liverpool, allowance being made for the alteration in the 
draught of water of the ship,) was 24 feet 9 inches above the sea. 
This position, with S feet 6 inches, the height of my eye, gave an 
elevation altogether of 30 feet 3 inches for the level of the view 
then obtained, — a level^ it should be remarked, which was very 
aati«f»ctoriiy maintained during the inatantH of observation, be^ 
cause of the whole of the ship's length lieing occupied within the 
clear ^' trough of the sea," and in an even and upright pu.siiiua, 
whilst the nearest approaching wave had its maximum altitude. 
Here, also, I found at least fjnt-fuilfuf the waves which overt^njk 
And passed the ship were far above the level of n*y eye. Fre- 
quently 1 observed long ranges (not acuminated peaks^ extending 
100 yards, perhaps, on one or both siiles of the ship, — the sea then 
coming nearly right aft, — which rose so high above the visible 
\ horizon, as to form an angle estimated at *2 to 3 degrees (siay ii^°) 
' when the distance of the wave summit was about 1 00 yards from 
the observer. This would add near 13 feet to the level of the eye. 
And this measure of elevation was by no means uncommon, — 
occurring, 1 sliould think, at least once in half-a^do'<?en waves. 
Sometimes peaks of crossing or crests of bretddng seas would shoot 
upward at least 10 or 15 feet higher. l*he average wave was, 1 
believe, fully equal to that of my sight on the paddle-box, or more, 
that is, V ^ 15 feet, or upwards; and the meun highest i wavcji. not 
including the broken crests, about 13 feet above the level of the 
hoUiiw occupied at the moment by the shiu, llluminuted as the 
general expanse not un frequently was by tne transient sunbeam 
hreuking through the heavy masses of the storm-cloud, and con- 
trasting its silvery light with the prevalent gloom, yielding a wild 
ttnd partial glare, the mighty hills of waters rolling and foaming 
as they pursued us, whilst the gallant and buoyant ship— a charm- 
ing ^*^s€*a-boat" — rt^se ab-tft as by intelligent anticipation of their 
attack, as she scudded along, so that their irresistible strength and 
fierce momentum were harmlessly spent beneath her and on her 
outward sides, — the storm, falling fiercely on tlie scanty and 
almost den Of led spars and steam chimney raised ah»ft, still indi- 
cated its vast, hut as to uh innoxious, power, in deafening roarings, 
altogether presented as grand a storm-scene as 1 ever vvituesst?<l, 
and a nmgnilicent example of ''''the works of the Lord," specially 
exhibited to sea« going men, ^^ and his wonders in the deep." In 
the afternoon of the same day the gale ugain increased, blowing, 
especially during the continuance of a much protracted hail- 
ahower, terrifically, — ^roaring like thunder vvhilst we scudded be- 
i fore it, causing the ship to vibrate as by a sympathetic tremor, and 
' the tops of rolling waves, too tardy, rapid as was their actual 
^o^rew^ for the speed uX the a^uiling induence, to be carried oS 



and biirne along on the aerial wings in a perfect drift of 8)iray . 
But during the period of these most vehement operations of nature, 
1 was fortunately enabled, from familiarity with sea enterprise, to 
pursue my observations with entire satisfaction. 

The next day— March G— ailded to the interest of these investi- 
gations by developing the character of the Atlantic waves under a 
long and fiercely-continued influence of a little varying wind. It 
had blown a heavy gale, violent in the showers, from the north- 
westward, from Sltturday evening the 4th, to the evening of Sun 
day, from '26 to 30 hours; during the night, too, of Sunday, it had 
again blown hard (abating towards the morning of Monday), and 
making a total continuance of the storm, in ih violence^ of about 
3S hours.* 1 renewed my observations on the waves at 10 a.m.— 
the storm having been then subdued for several hours, and the 
height of the waves having perceptibly subsided. Soon 1 observed, 
when standing on the ealoon-deck, that ten waves, in one case, 
came in succession, which ail rose above the apparent horizon, — 
consequently they must have been more than 23 feet, probably the 
average might be about '2ti from ridge to hollow. At this period 1 
also found that occ.isionaliy {that is, once in about four or five 
minutes), three or four waves in succession, as seen from the mtd- 
die-box, rose ahom the visible horizon — hence they inust, like those 
of the preceding day, have been 30 feet waves. But one important 
difference should be noted— viz., that they were of no ^r^^ extent 
on the ridge, presenting, though more than mere conical peaks, 
hyt a moderate elongation. Another subject of consideration and 
investigation, on this occasion, was the period of the regular 
waves overtaking the ship, and the determination, proximately, of 
the actual width or intervals, and their velocity.— L The shin wan 
then going nr/w? knots only, the free action of the engines being 
greatly interfered with by the heavy sea running, und the lines of 
direction of the waves and the ship's course dilfered about '22| 
degrees, the sea being two points on the larbttard quarter^in 
other words, the true course of the ship was east; the direction 
fram whence the sea came was ^V'.N.VV. 

2. The period of regular waves, in incidental series, overtaking 
the ship were observed as follows:^ 

Wii^M. Min. -i-c. Menu. 

9t> owupli^ ••» *0 ^0^' 

10 „ '2 i^ la**" 

10 p, -4 51 , n-u** 

10 M a 15 .. .. .. ., .. .* i*^" 

S „ 8 J(f J^L** 

OcnefiLl trcrkgre ^^'^** 

X The length of the ship was stated to be 290 feet» The time 
taken by a regular wave to pass from stern to stem appeared, on 
a mean of severa 1 observations, to be about six seconds. Hence 
6" : 220 feet (the width passed over in that time) : : 16'5 feet to 
605 feet (the width passed o\er betwixt crest and crest.) But 
this extent, by reason of the obliquity of the direction of the 
waves to tlie course of the ship, is found to be elongated almut 45 
feet, reducing the probable mean distance of the waves to 539 feet. 
Independently of this process, 1 had previously estimated the dis- 
tance of the wave crests, ahead and astern when the ship was in 
the hollow, as 1 stcM»d near the centre of the ship's length on the 
paddle-box, at 3U0 feet each way, by comparing the intervals be- 
twixt my position and the jilace of tlie wave-crest, with the known 
length of the ship. This compEirison frequently re-considered and 
repeated, subsequently yielded, in much accordance with the 
former, a total width in the line of the ship's course^ of about 6<K> 
feet. 

4. But the total distance betwixt the crests of waves, then rec- 
koned at 550 feet, a distance passed by the wave in 16-5 seconds 
of time, by no means indicates, it is obvious, the real velocity of 
the wave, as the ship meanwhile was advancing nearly in the same 
direction at the rate of nine knots — that is, nine geographical 
miles, or (tiOT5"t* feet x J' = ) 5l,5B0'4 feet nor hour, or 15*^ feet 
per second. During the time, therefore, ot a wave pjAssing the 
ship — lU-5% the ship would have advanced on its course 
16'5 X 1 5 "2 =t 250'6 feet. Reducing this for the obliquity of two 
points we have 231*5 feet to be added to the former measure, 55?l 
feet, which gives 790'5 feet for the actual distance traversed by 
the wave in 16'5 seconds of time, being at the rate of 

.360o;'j<_790*5 _ Y^^^^,^ feet, or 32*67 English statute milet 
per hour. To know how far this result is but proximate, it should 

• Th# b(imm«t»»r nn fl-turdai', iir % i»*»f»., «a» at JOAOi at S n frt of J^uo'^y it hft<l 
ftt le-« t«i v« tfu, beifif 1 i liiclae* tu 1(» #L>ura At <1 |f la. v( Um Uiitr daj tt UdU rinrii !• 
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he considered that, of the severjil efements employed in the calcu- 

latii»n, all but one might be deemed accurate. 

The interval of time occtij»ied by the trjinsit of a wave witli respect 
to the i»ositi(m of the whip, the direction <tf the ship's motion with 
relation to that of the waves, and the spei^d of the ship through 
the water, may all he recorded as et^i^entijdiy accurate. The 
eletnent in duoht ts that of the average distance from summit to 
summit of the waves. Tliin distance, it has been seen, was by a 
twofold proce^ia of obi^ervation or comparifson accordantly assumed. 
The value of the judgment derived from rapid comparison of 
measures by an eye acouKtumed to such estimations i^ it should 
be observed, far higher than might be i^enernlly considered. The 
practical military commander or enf^ineer officer is able to make, 
uy mere inspection of the ground before him, remarkably close 
e»timates of spaces and distances. When engaged in the Arctic 
whale iisJiery, I waa enabled, from habit and comparison of un- 
measured ij|iaces with known magnitudes, to estimate certain dia> 
tances with all but perfect accuracy. Thus^ as to a circumi^tance 
in nhich we were mast deeply interested — the near approach of a 
boat to a whaJe^ — 1 found it quite practicable, whenever the p»ir- 
euing boat approached within twice tir tljrice its length (ej[cept 
when the position was near end on) to estimate the distance to 
lee»s than a yard. Now, the menns of comparison by the eye as to 
the e»iUmation of the breadth of the Atlantic waves, was that of 
the ship's length of 2^0 feet. When the ship was fairly in the 
middle uf the depreaiitoii betwixt two waves it was asiaumed, with 
reference to this known measure, that something obviously less, 
but not greatly bo, than the !hhip% length, was the distance of eacii 
of the two waves then contemphited — giving a total width of about 
6Q0 feet. But the compatisim of the time required by a wave to 
pass from stem to stern, with the average time of transit of an 
entire wave, yielded a much Letter result; and, on much con^idera^ 
tion of the subject, I am inclined to believe that the estimate is a 
tolerably close approximation to the truth. It should be observed, 
too, that as the headway of the ship, in the direction of the course 
of the wave — being a known quantity— it was favourable to the 
accuracy of the estimate. For, aiiauming an error in the width of 
the waves to have occurred, siiy to the amuunt of one-twelfth of 
the whole, or PJ feet — the effect ujjon the calculated velocity of 
the wave would have been only about a sixteenth, or S'lti miles 
per hinir. 

The form and character of these deep-sea waves became at the 
same time interesting subjects i»f observation and consiiteriition. 
In respect to form, we have perjietuat modifications and viirieties, 
from the circumstance of the inequality of operation of the p^m^er 
by which the waves are formed. Were the wind perfectly uniform 
in direction and force, and of sufHcient continuance, we mtght 
have in wide aiiil deep «ea.s waves of perfectly regoUr form.it ion. 
But no such equality in the wind ever exists. It in perpetually 
changing its direction within certnia Iimit$«, tind its force too, both 
in the same place and in proximate quarters. Innumerable dis- 
turbing inHnences are therefore in operation generating the 
varieties more or less observable in natural sea waves. 

In regard to my own observations of the actual forms of waves, 
nothing particularly new could be expected from an inquiry of 
this kind in regard to phenomena falling within the pt^rpetual 
observation of seagoing persons; yet, at the risk of slating what 
might be deemed common, I will venture to transcribe from my 
notes made with the phenomena befi»re me, the leading charac- 
teristics which engaged my attention. During the height of the 
gale (March 6th) ihe/brm of the waves was less regular than after 
tbc wind had, for some time, begun to fubside, 1 hough in many 
cases when the sea was highest the succession of the primary 
waves was perfectly distinct, it was rather difficult to trace an 
identical ridge for more than a quarter to a third of a mile. The 
grand elevation in such case sometimes extended by a str-riight 
ridge, or was sometime** bent as of a crescent form, with the 
centi'al mass of water higher than the rest, and, not unfrequcntly, 
with two or three semi-elliptical mounds in diminishing series, on 
either ^ide of the highest peak. These principal waves, too, it 
should be noted, were not continuously regular, but hsd embrwlied 
in their general mass many minor, secondary, and inferior waves. 
Neither did the great waves go very prevalently in h»ng parallel 
series like those retarded by shallow water on appnmcbing llic 
shore; but every now and then changed into a bent cuneiform crest 
withbreaking acuminating peakfi. On the following morning(March 
7), after a second stormy night, wind S,S»AV. (fine), we hiid a 
heavy and somewhat crosi*« sea (from the change oi wind from 
U'.S.W, to S.S.VV). But the almo^ unabated magnitude of the 
more wetfterly waves indicated a oontLauance of the original wind 



at some distance astern of ue. The gale had moderated at duY^ 
light, and the weather became fine; but as the sea still kept tlgh, 
its undulations became more obvious and easily analysed. At 
three in the afternoon, when about a third part of the greater 
undulations averaged about 2i feet from crest to hoUow, in heii^t, 
these higher waves ctmld be traced right and left as they approached 
the ship to the extent of a quarter of a mile on an average, more 
or less. Traced through their extent the ridge was an Irregular 
roundbacked hill, precipitous often on the leeward side of water*. 
The undulations, indeed, as to primary waves, consisted mainly 
of these roundbacked masses, broken into or mf*dified by innume- 
rable secondary and i^maller waves within their general body. 
The time in which these waves passed the ship was now, an an 
average, about 15 seconds, the ship s speed being increat*ed from 9 
to 11 knots, and the obliquity of the ship's course to the direction 
pursued by the waves was 3 points. (In the 9th, two days after 
the above condition of the wave* — whilst the sea yet ran hi"h-- 
few wavea could be traced continuously above 300 or 400 yards in 
extent along the same ridge. The crests often curled over, but 
none so as to reach the height of a 3D-feet wave, and broke for a 
wide space, estimated at 50 to 100 yards in continuity. 

Miseeiianeous Notej( and Suffgt^tionM, — The mode adopted in these 
researches of finding the heigfU of wave is, I believe, quite satis- 
factory, and, observed with care and with relation to numbers or 
proportion of waves, as accurate as need be. The depression ot 
the horizon in respect to the elevation of the observer is too small 
to form even a correction. As the horizon from the paddle-^box 
"i^ z= 15 feet, had only a depression of 3' 49", the distance of tht 
visible horixon, as seen from this elevation, would be 4*4J statute 
miles, and the actual depression in feet due to the distance of the 
summit of the wave when the ship was in the midst of the hollow, 
could only be 0*18 foot or 2*16 inches. Other modes of determin- 
ing the width of a wave — or the extent betwixt summit and summit 
— much preferable to that described (the only available one 1 coidd 
devise) might easily be adopted where the management of the ship 
was in the hands of the observer. In steam ships the simplest 
mode for high seas, perhaps, would be, altering the speed of the 
ship when going in the direction of the wave or against the wave; 
the ratios of the times of transit of wave-crests, under different 
rates of S44iling of tlie sihip might yield results verj' close to the 
truth. In moderate-siied waves the plan adopted by Capt. Stanley 
— whose observations I met with before this meeting — seem satis- 
factory. But in calms, or moderate weather after a storm — that 
is, for the determination of the velocities of less elevated waves — 
a variety of processes might be available^ 

i\i r. John tk^oTT Husskll observed that there were greM doubtJ 
as to the actual heights of waves* It was now beyond a doubt 
that we had waves 2t feel, 30 feet, and 43 feet high,' and with the 
swelling crest even exceeding 45 feet high. From the obser- 
vations which he had conducted many years since, he had ventured 
to draw una table predicting the velocities of sea waves up t^i 
even 1000 feet from trough tn crest in length. Although the appa- 
ratus which he had used did not enable him lo experiment on 
waves which exceeded 16 inches in length, yet from these pigmy 
waves it was most interesting to sec how accurately the law wa« 
obtained; for in his table the velocity of a wave whose length 
was 659 feet was set down at 30 or 31 miles per hour. Dr. 
Scoresby's actually-observed velocity for a wave SS9 feet in lenigUi 
was 33 miles and a fraction* 
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SHIP BriiunrNo on the wave pftiNCtPLE. 

The following communication from Mr. Dodosok, of the . ^^ 
de Area Iron Works and Dockyard, Rio de Jiuieiro, to Mr. Jofcn 
&cott Russell, wnA read: — 

Sir — Having been called upon late in the year 1B46 to undertake 
the management of the above establishment (then lately organised), 
my attention in the ship-building department was more particularly 
directed to the scientific and elegant system of construction advo- 
cated by you, of which I had some information from reports in the 
Civil Engineer and Architet^t^ JournaL Not being furtunnte enough, 
however, to obtain any information from England respecting the 
^*wave principle,*" but convinced in my own mind of the correct- 
ness of the few leading features which 1 hiid thus been enabled to 
collect, I determined lo attempt carrying them out in two small 
steamers and two brig schooners (of 240 tons) then about to bo 
hiid down (October, 1847). This 1 was prevented doing to the 
full extent on that occasion, by the opposition of the parties (of 
whom these veaaela were building, supported by the very decided 
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opinions of aU my colleagues, the resident engineer and ship- 
wrights ; the result, however, of the approximation which I was 
enahled to effect, was so far satisfactory that of the two steamers 
(propeller by sister engines), the larger of the two on these lines 
proved mncn auperior, both in speed, stability, and in fact in 
every quality of a good passenger-boat, to the smaller lines of 
which, for the sake of a fair trial of system, I accepted from the 
Government Naval Architect, giving my vessel purposely larger 
dimensiona, both as to length ana breadth, the vessels being 
destined for the Bay, the direct resistance of the immersed mid- 
ship sections being, however, the same in each; the advantage 
gained in speed was as 7 to 8, and this superiority is since main- 
tained : the sailing vessels also gave satisfaction, being reported, 
alter trial at sea, as verv " superior sea boats," " stiff," and re- 
markably easy under sail, neither pitching or 'scending in heavy 
aea^ although not very remarkable for '^ speed," (this quality 
having been since obtained by alteration of masts and sails.) 

Encouraged by these results and having in the interim obtained 
a copy of Mr. rishbourne's very intc^resting Lectures upon the 
subject, I proceeded in May 1848, still in the face of great opposi- 
tion^ to lay down the keel of a smal] schooner of 123 tons, follow- 
ing m this design the proportions recommended by Fishbourne. 
The result was most satisfactory, being reported, after a four 
mouths' voyage to different ports, to possetis all the properties of 
an excellent sea boat — speeu, weatherly qualitiet«, sufficient 
hydrostatic stability,' and great hydrodyn»mic (both longitudinal 
and lateral) stability. The master expressing himself in the hif^hest 
terms of her performance, after payin^j: proper attention to ballast- 
ing and rigging, which was not done on leaving this port. The 
reenlt has Men an order, 4br the government, of a similar vessel, 
for a " guarda costa." About the same time I launched a steam 
tug of S30 tons, and 90-horse power, destined for the heavy rolling 
bar of Rio Grande; her lines were also assimilated as much as such 
service would justify to the proportions recommended. She has 
now been for some months on that dangerous station, giving great 
satiafaetion. having also made the shortest passsge on record to 
her place or destination, and having proved nerself on her trials 
here equal in speed to the largest steamboats of our packet 
company. 

1 nave lately launched the "guarda costa" (not yet tried), and 
a flnall armed steamer, also for government (for river service and 
drawinff 4S inches of water), boUi built on wave principles, and of 
which 1 take the liberty of enclosing the lines, as also of the 
schooner, and a small steamboat for the use of the establishment. 
The government steamer has just been tried, and I flatter myself 
will settle the question here **" as to lines," her performance being 
most satisfactory, overcoming the "resistances," imperceptibly 
dividing and leaving the water almost without a ripple (at 10 
knots), with very little power (two engines of SO-horse power, of 
Millers). My colleagues, however, are not yet convinced of the 
advantages of the " nill water line, aft," insisting that the sharp 
line would have still improved her. I must confess, myself, how- 
ever, of your opinion, and I consider this as one of^ the most 
scientific and valuable points of the theory. 

I am now engaged with two large steamers for government, one 
of 450 tons well forward; the other of 560 tons, also laid down: but 
as.I have not been able to overcome the mistaken desire to place 
very heavy artillery on the forecastles, 1 have been obliged to 
adopt a rather fuller entrance line than I should have wished, ap- 
proaching more to the wedge shape. Time however is required, 
1 find, even in England, to overcome prejudices, so that we cannot 
expect otherwise in these countries, where the sciences and arts 
are in the hands of empirics, with a very few honourble exceptions, 
and where we have not only prejudice' but envious and interested 
motives to combat. 

I should now crave your indulgence for occupying your attention 
with these particulars; but I am persuaded that as' the advance- 
ment of science must be an object of interest to you, its progress 
in this remote quarter will not be a matter of indifference as respects 
the system of rather the relative proportions. 1 should wish to 
offer to your consideration a few remarks, but cannot allow myself 
this liberty until 1 have the pleasure of knowing that such obser- 
vations may not be considered presuming from a person who has 
not the advantage of your acquaintance, but whose object is also 
the development and progress of the arts, and whose attention has 
been lonf directed, and is now chiefly devoted to the subject of 
naval architecture. This being also his only excuse for the liberty 
of addressing you. 

That the advantages which must certainly attend the introduc- 
tion of the system may be attributed in this country to their ori- 



ginal proposer and distinguished advocate, I have further taken 
the liberty of directing your name to be given and carved upon the 
stern-^eets of a large passenger boat (lattern rigged) also built 
here on your principles, and now plying on our magnificent Bar^ 
bearing away the palm from all competitors. 
1 am, Sec, 

TUOMAS BUTLEB DoDOSON, 

Natfol Architect, 

On the Dynamic EguheUent qf Current Eleetricity, and an a fixed eeale 
fitr Bleetromotive J'oree m GaU>anometry, By Mr. W. Petrie. 

The ilynainic vtlne of a corrent of voltaic electricity it represented by the 
product of the rite at which elect rn-chemical action it taking place at any 
crois lection of the corrent, (in other words, the quantity of the current.) 
and the electromotiTe force with which the current is suiUined, which may 
be hritffly termed its enerfry nr intensity, (provided the idea of quantity be 
kept distinct from this.) 1 he first object was to secure such units of com- 
parison for both these elements as sboold be at all times recoverable. This 
if given in respect of quantity by the rate of chemical action, and the atomic 
weights. In re»pect of intensity of the current, we have no such fixed data, 
and the intensity of most voltaic arrangements canont be relied on sa 
constants for conipariton. But the elements of Daniells' Battery, and those 
of nitnc acid batieries with negative surface of platinum, carbon, or cast- 
I iron, give an electromotive force or intensity that can be recovered with 
I considerable exactitude, if uniformity of circumstances, materials, &c. be 
tolerably attended to : these, therefore, may be osed to give a fixed and 
recoverable point in a gslvanometric scale of intensity. Now it so happens, 
that if we assume the degrees of the scale to be of such a size that the 
intensity of Danieirs (standard) elements shall be 60 of the degree** 
temperature being 70 Fahr.— that of nitric acid hstteriaa will be from 100 to 
112 of the (tame degrees; the author, therefore, has always used this scafe, 
to which all other voltaic arrangements can be referred. Vhich scale, he 
would suggest, would be most conveniently used in assigning the electromo* 
tive power of electric currents from any source. The mesn result of careful 
experiments, tried directly and conversely, is that a voltaic current of one 
unit in quantity, (or that from one grain of sine electro-oxidized per minute.) 
and of 100 degrees intensity, represents a dynamic force of 302i pounds 
raised one foot high per minute. This datum is of great interest at a 
adentific truth in connection with the other correlative agenU of nature* 
(heat, electricity, light, and chemical afiinities, neuralgic power, &c.) most 
of which we may hope soon to see reduced to a mutually comparable rela- 
tion to each otiier, in terms of the great centre and medium of comparison, 
mechanical foice. 



On the Chemical Compotition qf the Rocks qf the Coal Formation, By 
Mr. HsNav Taylor. 

Mr. Taylor pointed out the analogies of constitution between certain 
rocks, and referred to experiments made by him on organic and inorganic 
constituents. The author had in view the solution of the difficult problems 
connected with geology t by facts deduced from chemistry; for instance, the 
deposition of the stratified rocks as to their order, &c., by a process of 
reasoning based on the composition of these rocks, and to this end he sub* 
mltied several analyses as a small contribution to our knowledge of the 
rocks of the coal formation. Details of the analyses of fire-clay, specific 
gravity 2*519, good coal, specific gravity 1*259, coarse coal« specific gravity 
1*269, bituminous slialr, specific gravity 1*860, blue shale (»late-clay), specific 
gravity 2-533, micaceous saiidttone, specific gravity 2*598, muscle bind; 
specific gravity 2 592, aud of cannel coal, specific gravity 1*310, were given, 
and a comparative view of the analyses seemed to suggest a pretty close 
connection between various members of the group, taken principally froa 
«* Buddie's Hartley" colliery in the Newcastle coal field. The organic 
matter intermixed with the various strata enclosing the coal appeared to be 
of the same composition as the coal itself, except that its decomposition bad 
been carried further. The inorganic matter of these strata likewise evidebce 
a close connection among thera, though owing to the greater number of 
constituents, this could not be so readily shown. Formulse for the two 
clasies of matter were given, and Mr. Taylor, in conclusion, hoped that the 
results of his analyses were sufficiently interesting to lead others into the 
same field of inquiry, and eventually to a right appreciation of the laws 
which regulate the deposition of the stratified rocks. 

Notice qf the Working qf the New Integrating Anemometer during the 
pati :/ear. By Mr. Follkt Oslbs. 

A sheet of plain paper placed in the instrument under a registering pencil 
is moved forward by rotating hemispherical fans, at the rate of one inch for 
every ten miles of air that passes; this same pencil, having a lateral motion 
given to it by a vane, records the point of the compass from which the wind 
blojrs, and a clock hammer descending every hour strikes its mark on the 
margin of the paper to express the time. Thus, in a tingle Une are given, 
firstly, the length of the current ; secondly, the direction of it; and thirdly, 
the time occupied in passing a given station marked hourly or at any sliorti r 
interval that may be desired. 
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WBITWOIITH S PATENT PUPLBX LATHIS. 



A paper was read from Mr^^^HiTiroiiTti, describing his new lathe. 
It is eqtiHlly applicaMe for cyljndricjil or Burface turning, ar fyr 
cutting screws. The tools are shuwn as .ipplied to cylindriciil 
turning or screw cutting. For surface turnirig^ they would be 
phiced at right angles to the jiosition shown, and a self-acting 
motion given to the right and left hand screw. The top slide- 
rests are both provided with compound slides, whereby each tool 
may he adjusted to the work independently; and when once ad- 
justed, the right and left hand screw only is used* Not only is 



double the work performed in the BAme time, bnt in long objects 
with a less expenditure of power, owing to the saving by the less- 
ened pressure ;igain$^t the stay. The work done is of a superior 
kind, there being a perfect balance of forces, and consequently 
les^s vibration i and from the increajied duration of the tools, only 
one-half the amount of error takes place* Messrs. Whitworth 
have five of these lathes in use in tJieir establishment, and the 
work jiroduced by them is of better quality and at half the co«t it 
was formerly from the single lathe. 
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The annexed engraving is a transverse section of the lathe. 
A, is the bed J B, the guide screw; C, the bottom slide-rest or car- 
riage; D, a compound top slide-rest in front of the lathe; E, a 
second compound top slide-rest at the back of the lathe; F, a right 



and left-hand screw for moving the two top slide-rests simulta- 
netmsly to or from the centre of the lathe ; G, G*, represent the 
two toolsi, namely, one in front and the other at the hack of the 
lathe; H, represents a shaft under the operation of cutting. 



( The remainder qf the Papers read ai the Briiinh Awaciaiion will be given mest mpnth.) 



I^IST OP NEVir PATENTS 

OKAIfTED IS Bf^GLANb FROM JULY 25, TO AUOUST 22, 1850. 

5lr Month* ailawed/or Enrolment ^ unlets otherwise expresstd, 

Eodotphe HelbrADnrr, of R«geii]t-itre«t, MkMleMi, Tor lnipr{iTrTrii«nU In preri'Dtlti^ 
tlie extcreu] BJr, Aod diut, and noist, ifroai cnt«rji]% apartmfuLi. — Jul^^' lil. 

ThoiBAJ Dhkunn HdIcEi, of DrumlimrDfcl House, Ayr, N. B., Esq., fof an Improved 
mode of mnnufactartFip? toap. — July ML 

Matlh«iv Trniilri^ of Roc1ie»t«f, Kent, UK)] m*k«r, for t^rtfllii ImproTiemenU (n wnv- 
aeU, nmiltfls, and MLbtr toola, and Id appafatm aud machmcT)' fc«r luaiiulacturins c^bc 
aame.-'July 31 > 

iobp Sbeafe GRkktn, Jvnn d^ Biirbitdoaa, Weat 1n<1]eB, peoMrman, for Impmrpmruta 
in Ibe tuaouiactare of runt. To exleod to- the colDniei otilVn (A ci>uimuufviiiliau«)^ — 

BlcbRrd ArchibAlrl Drocwtaii, of tbe firiD of J. C. Raberrflon Bnrl Co., of 1^, Prpet. 
atreett Londoo, Tatent •^nti, fnr on Improvccntjit or liopfovtcaenta in alidomiual su|i* 
jioriifif, (A cocnmuDlcafton.)— JuIy 81. 

James Wblle, of Huiboni, Mktdleaea, mUl makrr, far Improvemtnta tn macbloery for 
UriiSalng, cntuhtnur. aod for exprfsstuf juice from certain venetabk •iibat«nci?s.'».li]ly ftl. 

Heurf Betiemer, of Baatef Roiufe, ^u Pancraa-road, Uteldleaex* enifineer, fur certAtu 
Im^ruTemePti In appuratus netJnur by (Nej]trlfug«l force, \n tbe maDufaciun- of aufra-, inel 
other lai|ir«remvnta In the trentment of ■arcbtirine matter by vuch <tppar«to«. — Juk ^^^L 

JuHti Nvpomuceno Adoriio, uf Giildetii-aq;u»rr, Midciletex, gentleman, for iH*proremeDUi 
\f\ ninuufdc-turiliiig c1pir«r« mwi otber similar artklea.— July ^1. 

Heijry lt]*btoo,of Kf hdal, WeittjuorelafKl, plumibcr, for c«rtaln Imprarr menta la water- 
cInarU and urlnal«.^ialy3L 

Joiiepli Puole Pilrsaon, deil engineer, K>«e York', America^ for certain lmproT«aiecila 
In st«am macblnerY and apparAtuji L-onnfctrd ibfririviib.— July iiU 

JoiiD Hynain, of FrlDce^s iquare, Ffnaburf, Atl^fdifsea, cb^mk-aMli^bt nnKT)ufactur«>r, 
for IjnpnHrementa In mschlnery for placing tpllataof wood, and tvuc, and ii)iu|.iiMiUian 
tapeft. In frames for dipping. — July ^l. 

J&bfl Jamca Greenounjb, of Oi'orge-streel, Hanover- at} uji re, gentlrman, for Improve* 
menla In obisitiln^ &nd sppIylnR motive powvr.— July M. 

Peter Falrbairn, of [>eedi, Vork, mscnlnbt, and Jobn Ifeiberln|(ton» oi Msnrhester, 
for certain Improvements in macbioery or a)i|iurniuii for pre[)aniia. ipiimlng, ajid ui^avkng 
rotton, fiax, aenl ether littroua sabttsiuea : also in conatrudltF^ ami sppiyiriK miMlrij* or 
patterns for Enou9dki|f« preparatory to ca^tNig paria of iiio^binrry etnpJ(jy«>d in (irrporlnit, 
spinning, and manufacturinK fibroua atibatancaa ; and alaa in certain tuols to be used Jn 
milking SfJrb maeldnery.— July itl. 

Matthew Gray, of Mord»- place, Glt^gov, pnietlcal engineer, for an Improved meibod 
of i^rpplyiag fteam-boJleri wilb wuter.— JhIy ^^l- 

l^tluoard Gitbriel l>eroy, uf Peris, France, genikman, forcertnln Sinpniv»m<Tfti In loco- 
moMte engines, and In tbe means and sppardlua to be employed for grneratlng and cott- 
iteoalDg (be itcam to be tued tber«Ui.> Jflly Al« 



Joseph Sba^r, of Paddock, Huddersfield, Vortt, cloth finisher, Ibr 
conptrurtlng «rtd working eerlain parts of railways.— Auf^u^t 2t. 

J^bn Owynne, of Laiiaifowne-lodge^ iVoitlng-bill, mercbsnt, for lRiprovvin«ftt« in t^ 
t.ilt*liig mothe power, and Id applying tbe same to giving motion to machinery. (A coss* 
mLiiiliuUgn >— Augusf S. 

Frani-la Kane, of B''rner*H-mewa, Middlesex, cbalr tnsker, for Improvements In reclin- 
ing cbairs. In cm lore tor chairs and other articles of furnltuie, and loiyruvenienls In 
piea^e*.— Augu«t 6, 

William Cruiiklll, of Revrrley, York, civil engineer, for Icnprovpmenls in mills fjt 
gHndIng,. splUltng, pulverising, and iruHbing gr-i'ln, bones, bark,or«. snd other bard «ul». 
siance», antl far grlndlne paliit and utber soil substances, and Jor sbi-lling or rtemovifif 
tbe skin from dti* and i>t birr grain, and In msctiiriery tor giving rotary ototloo to mills, 
tbrnshlrg mnrhlnea. and any oilier mat hkne requiring rotary moiloD to be coiAomnlctfled 
by any horse -ur other auitn&L (A crtatmnidcHOunH) — Auf^ait (}. 

Joseph iii<*ele, ol Cbttni.ery-la>fle, for impruvenienta In coaling and |jnprefn.ftUng 8»elali 
and metaifle Brttclea. fh lommank'BLion.) — August 9. 

Henry Aleyfr, of the Strartd, Mlildlesex, gentleman, for certain Impravcmenu la 
petwer looms for weaving. — Angu«t lib 

tielbn llichard St. Clulr Maiilab, of AMermenVwalk« New Broad-street, Lo«id4*n, fm 
impravements In the manufai:ture of arllfltial marble and stone, and In ireaUng narCtJa 
and stone.— August U'^ 

Aifred HoK, of Greeowich, Keol, engineer, for Improvemeota la stean».enf1iiaa.« 
An^ufti 12. 

AriiianM Kicoiat Fr^che, merchant, residing (o Paris, for Improvemenis iu obtaJalaf 
power.— August 12- 

Cbiirles Cndby, of Llquorpond-atrset, Idlddleaex, pianoforte- maJcer, for (mproveneatf 
In *tringeil nvjslrai Inilnirnents.— Aiuguit X'l. 

George 'I'bompson, <>( Psrlt-road, $le^eni*B-pArk, Middlesex, gentleman, for ceriaitt If*' 
proveinencs in macbiner)' and api^jirdiua for cm tl'tig, digging, or turning up rnrib. ap* 
pitcrtblf In at^itcuUurid purposes.— Augti[<.t 12. 

SninuH Jolin PIttar, of Cburib platr*, Clipbam, Surrey, cteil engineer, for certahi te- 
pri^Vimieiits in mnhrelias, and parasols.— Aunittt 13. 

tVier Ciuuiiitrn, of Grral Cbarlotle-atreei, lllatkfrlara, K»ifrey, manufacttirer. for ccv- 
tntn linproreniients In blrncblng, and in tbe prrporatlun oT materials fur spinning and 
friilnir, nnd iu ^'arns am! frit*. {A tommunScauon )— August Ifl. 

Vi'lltlam KfUicSt of Livrr^^Qol, merthant, fur improvenvtints In mscHli^ery for mssiilkc- 
turlng rober* sod cytindrrs used for calito prUttlng, and oihrr purposrs. Aiigu«i 1<L 

Chirles flsard Wild, of Hi. MirtlnV lane, Middlesex, civil engineer, for ImprOvewcntl 
In certain struclurea tor r«t4hdag wa<«f.— Au^uiii 17. 

Hi'iiry Bollund. or Uirming^acnt timtireila lu^uiture manufacturer, for iflipronmcatl 
In Uie maniif.li lure of nmbrvlJaa and |>qrattds —August tl, 

Kflmd AitKustin €tiam«^ruy, of Pshs, for Imffrovements in paving •treeta and oilier smt* 
fbcw* —August 2 

Kn^irrSck Hale Thomion, of Bi>rutr*».»treet, Middlesex, gentleman, and Tbooisa 
Boheri tfetltsh, of Portland .street, Sl^ddlesei, gtsss-cuiter, for itnpnyrczaeiita ia CttUlag. 
aialiMlugi silvering, aitd Oalug arUcksa of glaaa.- Aufual TL 
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LECTURES ON THE HISTORY OF ARCHITECTURE, 
By Samuel Cleog, Jun,, m.i,c.e», f.o.s. 
I at the Coihffe/or General Practical Science^ FtUney^ Surrey* 

(PUKJIIOKNT, HIS eaAGB THB nVRM QW BVCCLBUCB, K.O.) 

Lecture IX.— ROME. 

The Fim Orders^Masonry — Tempie*^ Sepulchres. 

Havixo already described Rome as it existed under Etruscan 
iomination or inriuence, it is needless to revert to ita early history. 
►After the expulsion of the Kings, tlie stern republican spirit that 
Iprevailed caused the Romnns to neglect the fine arts as tending to 
J^tnervation rind a love of luxury: a nation of wiirriors, their sole 
lim was to increase the territory and power of Rome. That the 
biiildtngs of republican Rome, however, were thought worthy of 
attention. Is proved by the appointment of eediles or magistrate!!^ 
irho had the care of their preservation, an olfice first created in 
[ihe 206th year of Rome: jut they were for the most part simple 
I ftnd unadorned. The solid and plain Toucan order Hati^Bed the 
taste of the people ; nor did they seek for farther embellishment. 
The mat ends vrithin the power of the Romans in the time of 

I the commonwealth were by no meajis favourable to dectirative 
arthitectare; the dark pepcrino, the tufa of the Campagna^ and 
ihe porous travertine, could not vie with the marbles of Greece 
and Asia; and Rome was not yet enriched with foreign spoils. 
In the time of Camillus, who died 36^ d,c„ Rome was reduced 
to ashes; and the rude cottages of the city of Romulus were after- 
wards replaced by buildings of a more solid and convenient 
description. But a still greater change took place on the con- 
'ouest of Greece and Sicily. Horace say*, "Greece^ when suli- 
dued, captivated the fierce con<iueror, aad hrouglit the arts into 
rustic Latium," 

Notwithstanding the persuasive influence of beauty, tbe old 
eimple habits did not at once give way, and Cato still railed 
against the importation of statues and paintings as the introduc- 
tion of so many enemies! to Rome. But w bun a more refined and 
Iculti^ated taste once made good its entrance, no censor could long 
stay its progress, and soon the victorious generals emulated each 
other in despoiling the ctuiquered proviocea for the adornment of 
their native cities. Metellus Macedonicus is said to have been the 
first to build a marble temple in Home: he also erected a portico, 
in which he placed twenty-five equestrian statues, brought from 
Maced<-»nia. His contemporary, Lucius Mummius, idso brought 
rich spoils from Corinth ; but betrayed his ignorance of what he 
Kad accpiired, by threatening that those who had charge of the 
transport of the splendid statues and j»aintings, should be made 
to replace any that were lost or injured. At the triumph of 
PauluR jEiniliue, on his return from Greece and Macedonia, 250 
chariots were barely sufficient to carry the works of art brought 
in his train. When we consider that these continued to be accu- 
mulated yearnfter year, we read without surprise that the number 
of statues in Rome formed another population. 

The first mentitin we find of the quarries of Luna or Carrara, is 
in the time of Julius C'?e»ar, The prefect of Ctesar's army in 
Gaul caused his house to be lined with this beautiful material, and 
every column to be sculptored in solid Carriira or Carystiaii 
marble. In a few years the residences of the Roman patricians 
lied with those of the eaylern jmtentates in magnificence. Rich 
marbles were brought at an enormous expense from Greece, Asi«, 
and Egypt. VVhere these could not be afforded, painted imitations 
wete substituted, or inferior marbles were stained to represent 
those of a more costly description. 

In the time of Augustus Cwsar, a second conflagration devastated 
the city; after which it was restored with increased splendour, 
giving rise to the saying of Augustus, that he hud found Hiime of 
brick, and left it of marble. The architects and artists of Greece 
flocked to imperial Rome, where they were sure of finding paln^n- 
ag© and empbnment, and principally under iheir superiuteudence 
were erected the temples of Mars Ullor, Jupiter Tonans, Apollo 
Palatine, and others, benidc)^ the theatre of Murcellus, and several 
porticoes, nublic libraries and other buildings. The celebrated 
Vilruvius (better known bv his writings than by his architectural 
works) belongs to this period. His treatiJie on'architecture is the 
only book on the subject remaining to us from the classical age. 
The example of Augustus was followed by bis successors, who 
emulated each other in the embellUhmetit, not only of Rome, but 
also of the provincial cities. Another and most disjistrous con- 
flagration occurred in the reign of Nero, when fourteen quarters 
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or districts of the city were utterly destroyed. Rumour nointed 
to the emperor himself, as the wilful author of this calamity* 
Ruffians were seen white the fire waa raging rushing about with 
lighted torches, throwing them where most like to ignite the sur- 
rounding materials, and preventing the wretched populace from at- 
tempting to extingush the flames. Nero, to remove the odium of 
the deed from himself, accused the Christians, who were conse- 
quently made to suffer unheard-of tortures. Many valuable spe- 
cimens of Greek art were lost in this fire, but a great improvement 
WHS apparent when the city was rebuilt, in the increased regularity 
and width of the streets, and greater coinmodiousnesa of the 
houses. Magnificent, however, as were the restorations of Nero, 
art could not be expected to flourish in its pristine purity under a 
patron %vho gilded some of the statues and cut off the heads of 
otbeiT?, in order to substitute bis own. 

Durinir the reigns of Trajan, Hadrian, and the Antonines, 
Rome still coutirmed to increase in opulence and splendour; it was 
indebted to Trajan for some of its noblest monuments, erected by 
the architect Apollodorus. The Emperor Hadrian was an archi- 
tect himself, i»nd a great builder. Many structures were erected 
bv him in lt;ily and the pnivinces of the empire j and in several 
places wfiole cities arose at his command, as at Athens and Jerusa- 
lem. Unfortunately, vanity and cruelty were united with taste 
and magnifit^nce in the mind of this em[»cror. He was accus- 
t timed to empbiy an architect of the name of Detrianus to execute 
his designs, who was too good a courtier to criticise; but wishing 
for the approved of the more celebrated Apollodorus, Hadrian 
(submitted to this great artist a plan for a Temple of Venus; the 
too candid Apollodorus dared to laugh at the design, saying that 
if the statues seated there were inclined to get up, they would 
knock their heads against the disproportionately low ceiling. This 
censure cost the unfortunate architect his life, lie was put to 
death by order of his offended master. 

From the time of the Emperor Becius (950 a.u.) Rome rapidly 
declined. Incessant wars drained the revenue, and required the 
presence of the emperor abroad. Under DivK-lesian, the seat of 
government was removed to Nicomedia, on the sea of Marmora; 
and to Milan, where Maximian held bis court; and in330 a.i>,, the 
final blow was given to ancient Rome by the foundation uf the 
new capital of Constantine the Great. 

Gibbon quotes the following passage from the writings of 
Poggiua, who described Rome in 1430, a.d,; — '^ Her primeval state, 
such as she might appear in a remote ace, when Evander enter- 
tained the str^mger of Troy, has been delineated by the fancy of 
Virgil. This Tarpeian rock was then a savage and solitary thicket. 
In the time of the poet, it was crowned with the golden roofs of a 
temjde: the temple is overthrown, the gold has been pillaged, the 
wheel of furtniie has accomplished her revolution, and the sacred 
ground is agiiin di'^figured with thorns and brambles. The hill of 
the Capitol on which we sit was formerly the head of the Roman 
empire; the cit.idel of the earth; the terror of kings; illustrated 
by the footsteps of *o many triumphs, enriched with the spoils and 
tributes of so many nations. Thi*j spectacle of the world, how is 
it fallen? — how changed? — bow defaced? — the path of victory iji 
obliterated by vines, and the benches of the senators are concealed 
by a dunghill. Cast your eyes on the Palatine hill, and seek 
among the shapeless and enormous fragments, the marble theatre, 
tbe obelisks, the ctdos^al statues, the porticoes of Nero's palace, 
Survey the other hiOs of the city: the vacaJil space is interrupted 
only by ruins and gardens. The forum of I lie Roman people, 
where they assembled to enact their laws and elect their magis- 
trates, is now enclosed for the cultivation of poi-lierbs, or thrown 
open for the recefition of swine and buffaloes. I'lie public and 
private edifices that were founded for eternity lie prostrate, naked, 
and broken, like the limbs of a mighty giant; aud the ruin is the 
more visible, from the stu]>endou8 relics that have survived the 
injuries of time an<l fortune." 

Notwithstanding many new architectural features, the offspring 
of new wants, the Romans were far from being an inventive peo- 
ple; they were indebted for their peculiar style to the united 
influence of Greece and Etniria: from the former they received the 
Orders, from the latter the arch and the knowledge of vaulting. 
In Roman architecture we find five orders; the Tuscan, Doric, 
Ionic, Corinthian, and Composite. The Tuscan order appears to 
have fallen into disuse after the time of the Commonwealth, for 
though described at length by V'itruvius, scarcely an ancient ex- 
ample remains. The Greek-Doric was superseded by the Roman, 
of a more light and ornamental character; the height of the 
column was increased from four or five to eight, or eight and a 
half diameters; the shaft was finished by an astragal and tillet; the 
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hypotrBchelium or necking between this and tbe ovolo was fre- 
quently ornamented with roses or other devices; to the abacus ia 
added nn ogee and 6tJet rnynd the upper edge, and the $haft is 
l^eneralJy plain. Fine specimens of tne Roman Doric are to be 
seen in the theatre of Marcellus «nd the amphitheatre at Nismes; 
most of the examples of this order have the attic base* The 
frieze, instead of being finished by triglypha at the angle*, accord- 
ing to the Greek method, was generally terminated by a lialf 
metope; the metopie were seldom so richly sculptured as in the 
Greek order, a simple patera or wreath, or ox-skoll adorned with 
festoons, wat retreated in each, or alternated. The dentil was 
sometimes introauced in the cornice instead of the nmtole, and 
the face of the entablature was perpendicular with the upper dia- 
meter of the column. The Doric order was seldom u&ed^ except 
where the building was to rijse to the height of two or more 
Btories, when the Doric was placed as the loweKt order; in the 
amphitheatre at Nismes, both stories are Doric. I'he Ionic order 
ifl^ comparatively with the Corinthian and Composite, rarely met 
with^ and is in most instances a mere copy from the Greek; the 
Temple of Concord, hovrever, is a singobir exception, in this the 
capitals have the form of the upper part of the Composite, with 
Kmall angular volutes, a cable ornament, and enriched cynia, torus, 
and tilttit below. Amongst the numerous fragments discovered in 
Italy is an Ionic capital, the volutes of which are an exact repre- 
sentation of the horns of a ram, greatly strengthening the suppo^ii* 
tion of such having been their origin. The most beautiful example 
of the Ionic order in Rome is the Temple of Fortuna Virilii*,* 
BUjpposeil to have been erected by a Greek architect. There is a 
difference of opinion as to whether the Corinthian or Composite 
should he placed first; hut as both Pailadio and Vignola give pre- 
cedence to the Corinthian, I cannot greatly err in folltjwing their 
example. The Corinthian became the favourite order in Imperial 
Rome, and was repeated (though with great ^'ariety of detail) so 
endlessly that the eye becomes wearied with excels of magnificence. 
We undoubtedly owe our most finished exJimples of this order to 
the Romans; amongst which, for beauty and elegance of design, 
the exi|uiKite ctdumns of Jupiter Stator ^ stand unrivalled. Only 
three columns with their entablature remain standingj the 
whole composed of the finest white marble. The columns are ten 
diameters in height, the shafts dimini.sh nearly |th, and have 
twenty-four flutiugs*; iu the capital, th« second row of leaves are 
lower than in the rule given by Vitruvius, leaving more room for 
the sweep of the cauliculi and scrolls; the intertwining tendrils 
In the centre have a particularly light and graceful effect; the 
cornice is hi|,(h; one modillioij is placed over each column and 
three in the interval; the modilHons are peculiar in having 
the volutes of equal size. In the Temple oi Vesta at Tivoli,* 
the second row of leaves are still lower than in the former 
example; tl)e scrolls the without eauliculi, and are so large as 
almost to approach those of the Composite order; behind the 
second row of acanthus is a small row of water leaves, thetttps of 
H hich toucli the bottom of tlie fscrolk. 

It is worthy of obiservation, that while in the pure Greek-Corin- 
thian, either the wild or cultivated acanthus was always closely 
imitated, in the Roman the foliage generally took the form of the 
olive leaf, though with the growth of the acanthus; thi* may be 
seen in the capitals of Jupiter Stator, Mars Ultor, and many others. 
The following examples will show the varied proportions of 
columns of the Corinthian order: 

n. In. n. In, 

T<?mp1e of Antoninui tad Fftiutini 4 6j^ 43 3 

Trmpic of Jupiter StAtor 4 ©J 45 3^ 

Baiilict of Arironiuu^ or Temple of Mtrt 4 6^ 45 5^ 

Temple of Miirt Ultor ... 6 58 

The proportions of the entablature vary in different examples 
from one-fifth of the height of the column to one-fourth or more. 
Jn the Temple of Antoninus and Faustina, the cornice has neither 
dentils nor modillions, but the frieze is enriched with figures of 
gri^ns, candelabra, and scndls. The Arch of Titus has been said 
to be the earlie»it example of the Composite order, but this appears 
to be a misljtke, as this order is seen in the atrium of the house of 
Pansa in romjjoii, which was destroyed several years before the 
Arch of Tituti was erected. Some authors deny the claim of the 
Composite to be described as a separate order, and coni^ider it 
merely as a variation of the Corinthian, but as it has several 
distinctive feature«s, it saves confusion to allow it to retain its 
place as a fifth order. The capital is formed by a union of the 
lanic and Corinthian; it is s^imewhat deeper in proportion than 
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the latter, and like it is divided into three part«; tbe lirst occu- 
pied by the anguLir vidutes, with the intervening torus and a»tra- 
gal; the second by the upper, and the third by the lower mn^ of 
acanthus leaves ; the fillet below the astragal' forms the lip or the 
vaae. This is the usual form, but the Romans frequently varied it, 
and sometimes with great elegance and propriety. In some in- 
stances, the centre flower of the abacua is replaced by the figure of 
an eagle, as in the Portico of Septimus; in othep, ths eagles 
occupy the place of the volutes at the angles, with Jupiter's thunder- 
bolts in the centre; in other examples, ax-skuUs are placed al the 
angle?:, with a festoon between^ the lower part of the capital being 
finished with a row of water leaves, and so on in infinite variety. 
The sluifts tno were either plain or capriciously ornamented, some 
with spiral flutiugs, as in the Baths of Dioclesian, and others with 
wreaths* of leaves, as in the Temple at Spoleto in Ombria; the 
fiutiugs were frequently filled in with cablings part ot their height^ 
as in the Baths of Nismes, where the shaft springs from a row of 
acanthus leaves above the base* These fancies were not confined 
to the Composite, but sometimes extended to the Corinthian; the 
attic base was applied to both orders. The entablature of the 
Composite resembled that of either the Ionic or Corinthian, but 
did not follow any pitaitive rule. The mouldings in Roman archi- 
tecture differ considerably from the Greek, and seldom present so 
graceful a profile ; they arc rmmder and more prominent, and the 
enrichments are bolder and more profuse. The frieze in both the 
Corinthian and Composite orders is frequently swelled or rounded* 
The usual intercolunuiiation of the temples and porticoes was 
pvcnoittyle or 1^ diameters, contrary to the recommendation of 
Vitruvius, who condemned both the pycnostyle and systyleastoo 
narrow. " Neither of these species," he says, " ought to be gene- 
rally adopted, for the matrons who go to their supplicntiont 
mutually sopporLiug each other, cannot pans through the inter- 
columniations unless they separate and walk in files.** He 
alludes also to the obstruction caused to the view of the entrance; 
but this was obviated by making the centre intercolumniation of 
greater width than the others. 

Contrary to the usual practice of the Greeks, the Roman pilaster 
capitals repeated those of the orders; in some instances the 
pilaster tapered upwards in the same degree as the column. The 
greatest distinctive feature in Roman architecture, however, waa 
the introduction of the arch. It is almost impossible to imagine 
that the Greeks^ having constant intercourse with both Eg)'pt and 
Etruria, should have been ignorant of its mode of construction: 
it is a more probable conclusion^ that they felt the want of harmony 
between the horizontal lines of the stylobate and entablature and 
the semicircular form; and having no occasion to roof in any large 
area (their great temjiles being hyp»thral) they rejected the arch 
from choice rather than from want of knowledge. The vast mul- 
titudes that flocked to Rome rendered it necessary to erect 
public buildings of much greater magnitude than had been required 
in any of the cities of Grijece; besides which, the humidity of the 
climate rendered a ctjvering more desirables thus the principle of 
vaulting vvas brought into use, as any space that could be spanned 
by a beam of wood or block of atone would have been inadequate 
to the want^ of the population. The use of the arch naturally 
prcKiuced great changes; where introduced, the walls became the 
principal support of the roof, and the columns being merely orna- 
mental accessories, were slighter, and further apart. At first the 
arch was entirely independent of the order, springing from imposts 
behind the column, and not reaching so high as the entablature. 
The imposts and archivolts had only a few simple mouldinga, but 
the key-stoue was frequently sculptured with a head or mask, or 
ornamental console. In the time of Hadrian the imposts were 
made in the form of pilaster^ or the arch sprung from the archi- 
trave above the columns; thus breaking the frieze and cornice^ and 
destroyin;^ the horizontal line hitherto so strictly preservtrd. To 
this succeeded arcJies rising immediately from the capita] of the 
column, the entabliiture being altogether omitted, as in the Emperor 
nioclesian's palai:e at Spalatro, thus gradually leading to the 
Romanesaue or early Christian style. The Roman arch was always 
semicircular, with plain wedge-shaped voussoirs of stone or brick^ 
sometimes of stone and brick alternately. Vaulting came into use 
in Rome at the same time as the arch; the earliest kind was that 
called the Barrel or Wagon Vault, presenting a uniform concave 
surface throughout its length. Groining was also practised by the 
Romans, and formed by the intersection of vaults crossing at right 
angles. That domiciil vaulting was thoroughly understood we 
have a proof in the Pantheon, Another new feature was the 
pedestal as applied to architecture; this may be ascribed to tw4> 
causes — the numerous wr ought-marble columns brought hvm 
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nd Ajsia iMirtor were too ^hort for the places they were to 
i tbe biiildinga of Rome; it was necessary, theref(»re, to 
a additioual height; this was sometimes done by ndding a 
I between the base and the shaft, hut ^enemJly by raising 

a peilestah Seeomlly, the width ^ven to the arcade 
the order to be of a pro|>ortionate hei^Iit, m that it mii^t 
a so massive b« to have been out of character with the 
le building, or the cfdumii miHt have been so slender in 
m to itH height uh to destroy its beauty. To avoid either 
defects the pedestal was employed, by which means the 
roportioii of the order was retiiined. The height of the 
was reg^ulatcd either hy that (»f the colomn, or by the 

the arcii. The roofs of the Muinan^ were s^miewhat 
[I pitch than thoae of the Groeks, tlie pediments were 
ntly slifrbtly more elevated. Tiiwurfli? the decline of the 
emi circular pediments were intrudnred, tbauffh they were 
>Dtined to nicheiSf or interior decoration. At Nismes, and 
Bc and Palmyra, there are rows of iiichea in which semi- 
and anjsrular pediments alternate; here idao are seen 
sediments, coupled columns, and other features unknown 
rly timea of cla^it^ical architecture. 

omana were never surpassed in any age, or by any peo[de^ 
mctive tkill. Brick-makinj^ wae carried hy them to 
frfection; bricks were made of various forma, and of 
hteu^ from H Inches square to 1 ft. S in. hy ] foot. A light 

manufiictured for vaulting?, so li^ht (according to some 
), that they would float on water; these were much prized. 
mskUA employed several kindB or masonry, as the opua 
.composed of stones of irregular shape and size; the opu« 
tiTif formed with square stones laid di^igonally; and the 
n, the «ame with the emplecton of the Greeks. In these 
es were small, and Uid with mortar; but M'heu larger 
3re employed no mortar wa^ uamL In great works the 
led by the Romans were gometime»< of enormous size: the 
' the architrave and frieze of the Portico of the Pantheon, 
g from column to column, are each 15 feet in length, 6 ft. 
leight, and nearly 6 feet in thickness; the angular blocks 
B 17 feet in length; gome of these stones weigh as much 
LB, At Baalhec, many of the stones are from 29 to 37 feet 
I, and 9 feet in thicknena, and one measures 62 ft. 9 in. in 
a one single block. Towards the decline of the empire, 
^um wai much used, either with or without courses of 
ia is the kind of masonry usually met with in the Roman 
England and France. Mortar was frequently made with 
brick, which gave it a reddish tinge; but where procurable, 
ans used puzz(diino. The puzzolano cement waa of two 
ne, blacker and more ferruginous than the other, was 
1 in huildinga exposed to the action of water. The 
of the water-courses were laid with cement, tvvo or three 
itck, and are Btill as smooth and compact as if chin^ielled 
did stone. When any structure was to he preserved from 
louble wall w;is huilt, with about a pnlni interval between, 
thod of marking out foliage in decoration may here be 
id; a deep circular bole was drilled at each division of the 
s assisting the effect of light and shade, and giving great 

and decision of character. The Romans were no less 
a workers in metal; four bronze columns, of exquisite 
lahip, are still preserved in St. John Lateran, supposied to 
longed to the Temple of Jupiter Ciipitoliuu;*; and the 
gates of the Pantheon, and several others, are still 
»d pre-eminent In beauty. 

the exception of the Pantheon, the Flavian Amphitheatre, 
w others, all the nmgnificent huildiDgs with which the Im- 
ty was once adorned, are so cofnplctely in ruins/that Rome 
naptly been termed ""'a marble wilderness.** Of many of 
ins it ia difficult — of some imposi*ible— to trace the plan, or 
e upon their proper desigruUion. Gibbon ascribes this 
ion to four prlncij^al causes: injuries of time and nature, 
ttacks use of materiala, and domestic unarrels. Owing 
lolidity of construciifui, time, unaided hy other causes, 
ave spared us most of the great structures of classiciil 
kit besides frequent conlhigrations, Rome was formerly 

to the floods of the Tiber, which often caused grciit 
.on- This diinger is now removed, ag the city is raised 

or fifteen feet above its original level. Hesides these 
decay, Rouie (in tlO a.d.), was plundered by the barbarians 
laric; and afterwards another horde, under Genseric, 
the doooied city for fotirteen days. Much of what the 
d Vandals had spared fell a prev to domestic rapine. In 



quarry, from which materials were unacnipulously taken for the 
construction of new edifices. The Coliseum owes much of ita 
ruin to this cause; it is said, that as many stones were carried away 
from it iti a single night as built the Fnrnese Palace. The Theatre 
of Marcellus became the Palazzo Orsini, and tlie Arch of Titus a 
fortress in the hands of the Frangipani family. Other buildings 
have been appropriated to difl'ereut purposes, and extensive repairs 
and alterations been made, so that it is sometimes difficult to 
distinguish the new from the old: thus temples and basilicas have 
been converted into Christian churches, and statues of heathen 
gods made to do duty as Catholic saints. The same causes of 
decay prevailed in most of the provincial cities. The generality 
of Roman tenqdes were similar in plan to the Greek, and were, 
like them, divided into the seven classes described in a former lec- 
ture; they were also frequently surrounded hy an extensive peri- 
bolus, the wall of which was sometimes as high as the pediment 
of the temple. The periholus wall was adorned within by a peri- 
style, or with niches and statues, and often contained apart- 
ments for the ofliciating priests. The principal ditference between 
the Greek and Roman temples arose from the greater population 
of Home, and the consequent gre^iter space required, rhus in 
the prostyle temples, the porticoes were generally of the pseudo- 
dipteral form; and as they were mostly built on level ground, a 
greater elevation was given to the stylohate, in order to raise 
them above the surrounding buildings, A flight of steps, some- 
times as many as twenty-one, led up to the portico in front; the 
acrotreria on each side terminating the podium, were decorated 
with statues; and in the larger temples statues occupied the place 
of ujjtefijcse on the roof. The Romans adorned their temples with 
lavish profusion; when Domitian restored the Temple oi Jupiter 
Capitolinus, the gilding alone is said to have cost 12,0Q0 talents, 
a sum nearly equal to two millions sterling. 

The Temple of Peace was one of the largest and most magnifi- 
cent in Home; the central aisle was 83 ft. in breadth, surmounted 
by a vault 150 ft. in height; three lofty arches, each BO ft. span, yet 
remain; here were deposited the sacred vessels brought by Titus 
from the temple at Jerusalem. 

One of the most perfect Roman temples now remaining is that 
of Cuius and Lucius Ca»sar^ generally known as the Maison Carree 
at Nismes. It is of the Corinthian order, 74 ft. in length, by 
•H ft. in breadth; prostyle and hexastyle, with a pseudo-dipteral 
portico; engaged columns are placed round the eacterior walls of 
the cella; the columns are rather more tlian ten diameters in 
height, ajid the capital, which is of elegant design, is somewhat 
more than one diameter high. The frieze in fr^mt is occupied by 
an inscription, hut on the flanks is sculptured with foliage. The 
entablature rather exceeds *2,J diameters in hei":ht; the doorway is 
elahorately ornamented, and surmounted by a lofty cornice, This 
temple is ascribed to the time of the Emperor Hadrian. Resides 
the seven chusses, the Romans had another form of temple, derived 
from the Etruscans, imd by them probably from the east; this wass 
the circular, symbolical of the earth and the heavenly bodies, and 
dedicated to Vesta or Cybele. The Pythagoreans believed fire, 
which they called Vesta, to be the centre of the universe; and 
Plutarch mentions a circular temple, which the Etruscan King 
Noma Pompilius erected to contain the sacred fire. Several cir- 
cular temples are stiU in existence, as the Temples of Vesta at Rome 
and Tivoli; but the greatest ever luiilt, and also the one in best 
preservation, is that dedicated to Jupiter, Cyhele, and all the 
gods, by Agrippa, son-in-law to Augustus, and called the Pantheon 
or Rotunda. It is uncertain whether the body of the edifice 
existed previously, Agrippa only adding the portico, or whether the 
whole may be ascribed to him; the former is probably the case* 
It was injured by fire some time after its erection, and was 
rej>aired by iieptimus Severus and Marcus Antoninus. After suf- 
fer! n^r from neglect for many years, it was granted by the Empe- 
ror Phocaa to Pope JJoniface, who dedicated it to the Virgin Mary 
and the holy martyrs ((Jit), a.d). i he Pantheon originally stood 
seven steps hbove the ground, but the earth has accumulated so 
much round it, that it is now heiow the level. The body of the 
temple is 11-3 ft. diameter, and 143 ft. in height to the top of the 
dome; it is constructed of brick; the exterior was formerly coated 
with stucco or cement, and the dome covered with plates of bronze, 
but the«e were removed by the rapacious Emperor Constans, 
during his visit to Rome, 'fhe walls are ^0 ft. in thickness, and 
irradually diminish to » ft. as they approach the iaummit of the dome, 
fhe exterior height is divided into three parts by cornices of 
brick; the two upper cornices have stone niodillions; the second 
rises in front, so as to repeat the form of the pediment* From the 
third cornice, the wall recedet* about 8 ft*, then follows a podium 
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or surhftse, and six step% from which the dome rises, The two 
towers are miidern, and were erected by Pope UrbBO VIII., part 
of the second corrjioe being cut awny to receive them. The por- 
t CO of the Fantheon is justly considered one of the most beautiful 
remaiuB of antiquity. It h of the Corinthian order, octcistyle, sys- 
tyle, and dipteral. The sixteen columns supporting the pediment 
are 46 ft. 5 in. in height, and 6 ft, lower diameter; the shafts are 
plain, the exterior range of grey granite, the iuterior of red Eg)'^*- 
tian gritnite in one block; tie bases and capitals are of white 
marble; the entablature ^ako of white marble) is nearly one- 
fourth the height of the col limn. Opposite the interior range of 
colum n!i% are fluted pilttsters of white marble, between whii^h are 
ba^-reliefs ; the snaces between the pilasters on the ilanks are also 
decorated with bas-reliefs. On each side of the doorway are 
niches, the erne formerly occupied by the «*tatue of Augustus, the 
other by that of Agrippa, Critics fiave objected to the depth of 
tlie tymtpaniim, but it must be remembered that the Roman roofn 
were more elevated than thoj>e of the Cireeks, on account of the 
difference of climate; and the effect of the high pediment would 
be much relieved by the sculpture with which it was fonnerlv orna- 
mented. The doorway is 39 ft. in height, and lJ>ft. in widtL, with 
imposts and cornice of white marble; the doors are perforated nt 
the top to admit of light and air.* The mass of brickwork of 
which the wal! h composed, is lightened by seven exhedra? or 
ehapel«, which sorrnund the interior, and also by small vaulted 
chambers fihove; the weight over each opening is discharged by 
arches seen on the exterior. The chapels have each two C'oriii-* 
thtan columns in ««/<>, of gialhi antico, or pavona^etto marble ; 
the architrave and cornice are *>f white marble, the frieze of por- 
phyry; it is Raid, that before the restorationg iif Septimus Severus, 
the interior columns had capitals of Syracusrin bronze; the inte- 
rior firder is lighter in character than the exterior, and the shafts 
of the columns are fluted. Between the chapels are tabernacles, 
each with two isolated columns backed by pilasters. The large 
rece«<s opposite the entrance was formerly occupied by a statue of 
Jupiter, but is supposed to have been altered from ita original form 
for the reception of the high altar. Above the lower order i« an 
attic with a continuouiiq pedestal or gurbase; it is now decorated 
with small nilaifjtera and panels of different cnloured marbles let 
into the wall, the pilasters having capitals of white marble in low 
relief; these are, however, comparatively oHjderii, as anciently the 
entablature was supported by thirty-four caryatides or telamones. 
In the dome are deep cassoous, twenty-eight in the circumference 
and Ave ranges* in height; in the centre of each was a rose of gilt 
bronze; the plain part of the dome was silvered. The whole of 
thin splendid edifice receives light from a circular aperture, 2S ft. 
diameter, called the eye of the viiult; in the attic are fourteen 
windcrws, but these do not communicate tvith the exterior, but 
are intended to give additional light to the chapels from the 
centre opening. The pavement is tesselatcd with granite, por- 
phTry,jtisper, tmd marbles; it inclines towards the centre to pre- 
vent the rain falling through tlie roof from deluging the floor* 
The aperture was occasionally covered by a velarium. Such is tlie 
Pantheon. '^'Spured and blest by time, simple, erect, severe, 
auiitere, sublime," as Byron describes it, we may imagine its im- 
posing effect in its days of jpHstine splendour, 

rh(» circular temples of Vesta at Tivoli and Rome, are peripteral, 
the ftirmer surrounded by a peristyle of eighteen fluted Corinthian 
columns, 9| diameters in height; the latter, by twenty columns, 
nearly 11 diameters in height. In these small circular peripterul 
tempfes the interior diameter of the cella was the same witli the 
height of the column; they were lighted by windows^ and were 
^(upposed to have hitd vaulted roofs terminating in flowers or 
antefixa?. From its picturesque situation on the erlge of the elilT, 
the Temple of Vesta at Tivrdi has been an unfailing subject for 
the landscape pmnter, from the time of Claude to the nre^ent day. 
Vitruvius mentitms another kind of round temple, witn a domical 
roof supported by cohimns without a cella, called monopteral; of 
the^ we have no examples^ 

Before les*viny the subject of the sacred buildings; of the Romans, 
the ruins of Ilaalbec and Palmyra clnim our attention, both belong- 
ing to the latter ages of the empire. Bjtalhec, or lJelioiioli«, so 
called from the worship of Baal «n- the Sun, was one of the «bief 
cities of CielesvTia, whose inhabitants were renowned in early 
times for their magnificence and luxury. 

It is uncertain to which reign the great temple is to be ascribed ; 
gome authors attribute it to Antoninus Pius— others to Septimus 
Sever us. John of Ant inch says, ^''^^lius Antoninus Pius built a 
great temple to Jupiter at Heliopolis, near Libanus, in Phoenicia, 

* Sefl Vrotmot DotialdiouS Ex^EOjilet of An«l«ni Dooi^ftfi. 



which was one of the wonders of the world. The nilns are eo 
vast, that the Aralis believe the buildings to have been the work of 
fairies or genii. A gramt portico lead« into a hexagonal court, 
and this into a quadrangular peribolus, at the end of which is the 
great temple; in the first court are chambers, which are supposed 
to have been schools, and apartments for the priests. The portico, 
or prnpyleum, is flanked by projections or towers* on which modem 
fortifications have been raised. The great temple is of the Corin* 
thian order, decastyle, with nineteen columns on the flank. It is 
900 feet in length, and 450 feel in breadth; the columns are 7 feet 
lower diameter, 6 ft. 5^ in. upper diameter, and 68 feet in height. 
The whole heiglit of the order is 87 feet, A smaller temple stands 
near, octostyk* and pseudo-dipteral, also of the Corinthan order. 
The whide of the build inirs are of white marble, and as sumptuously 
enriched as the luxury of art could devise. The ornament on the 
frieze is the same in both temples, and is most singular; it consifts 
of a row of modillions set on end, connected by ribbons and 
garlands, with a grotesque head cjarved under the upper scroll of 
each modillion. A small temple sftill exists at Baalbec, in good 
preservation, which Is unique in form. The cella is circular, S9 
feet diameter, with a ^leristyle of eight columns, six of which tte 
about 10 feet distant from the cella; the entablature curves 
to touch the wall, the columns only supporting the proje 
angle formed by the meeting of two curves. The same elliptic 
curve is repeated in the stylobate; the frieze is rounded, and 
wall of the cella ornamented on the exterior with niches. 

Palmyra, rising like an island from the eandy desert, receii^ed 
its name from its multitude of palm trees. It is supposed to be 
the same as the Tadmor uf King Solomon. This city lonr pr^ 
served its independence, on account of its situation in the desert, 
and as a frontier town between Parthia and the Roman empire, 
and carried on the principal trade between Rume, India, and Arabia. 
Palmyra is be*<t known to us as associated with the names of 
Zen ulna and Longinus. Vhig once weiUthy and important city, 
the abode of princely merchants^ has now dwindled to a few miser- 
able mud cottages, erected within the court of its once magnificent 
temple. The date of the foundation of the great temple Is 
unknown; but from inscriptions it appears to have been repaired 
by the Emperors Hadrian, Aurelian, and Justinian. It isoctostyle 
and pseudo-ilipteral, and stands in the midst of a spacious peribolua^ 
710 feet Ion ^ by 720 feet broad. The peribolus is surrounded on 
three sides by a double peristyle; on the west is the noble 
propyleum and the priests' apartments; the exterior wall is deco- 
rated with Corinthian pilasters. In the great portico or propyleum 
are the niches, with coupled columns and semicircular pediments 
before mentioned. The ornaments, particularly of the doorwayi 
and soffits, arc elaborately beautiful. The whole of the ruins of 
Palmyra are of the Corinthian order, with the exception of four 
engaged Ionic columns in the great temple, and two in one of the 
tombs. 

The architecture of Palmyra is precisely similar in style to thiit 
of Baalbec; both exhibit the florid taste of the east rather than the 
simplicity of clnssical art; but whatever defects may be percepti- 
ble, it is impo^j^ible not to admire the grandeur of the conception, 
the* boldness r>f tbe execution, and the great skill displayed in con- 
struction. Before entering upon the civil architecture of the 
Romans, 1 shall briefly notice their tombs and mude of sepulture* 
It was the universal custom (with the exception of a few of their 
greatest men \ to bury without the w^alls: monuments are therefore 
found extending on both sides of the roads, beyond the gatet of 
the cities; they are of various fifrmsi, generally richly ornamented, 
frequently with bas-reliefs, painted in colours. The tomb of 
Ciecilia Meteila at Rome is a circular building, so massive that it 
at one time served p=? a fortification. The Castle of St Ang«lQ 
wa<? formerly t!ie Mausoleum of Hadrian, built by that emperor ns 
a depository for his ti wn remains and those of his successors, 
several of whom repose tliere. It is a circular structure : 
upon a >jqorire basement. It wai originally cased with ma 
and surrounded by a peristyle; but the columns, as well 
titutueB with which its summit was adorned^ have long since dinp- 
penrpd. 

The kind of sepulchre peculiar to the Romans, from their custom 
of burning their patrician dead, was the Columbarium, so called 
from its resemblance to a dove-cote. This was a square chamber 
with rows of arched rece«>es for the reception of cinerary urns or 
chests. In a niche opposite the entrance, a statue or bust of the 
founder of the family was frequently placed. The colnmbarii 
only received light from the funeral lamps «»r torches, borne by 
the mourners. Slaves, and those of the lowest rank, were buried 
in cemeteries at the public expense. 



The civil find domestie ftrcHitecture of the Romans will he 
deflcribed in the next Lecture, beginning with the roada and aque- 
ducts, and proceeding with the Fora, HaaiJica, Amphitheatres, 
Therms, &na other chftracterii^tic buildings. 

UST OP AUTHOaiTIES. 
TltniTlN*— DcdiM wad P«U orOw Bimati Emplro» OibboD^An^ltectnril Astfqtiltlisf 
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muwk MACnlflenidiiv Plnuwvi, — ha C\nqa€ Or4\ni, Yk^nK^^A-— Monumeutl e Fitbbriclao 
Amtldke, OJprUnL— AfitiqulUte d« la Fnncfl, CterlM«iu, Riiln* of BftAllirc mtid PiUmyni, 
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A LfOjrrHorsns of a somewhat pectiliar construction has jnnt been 
completed at the extensive works of Messrs. Fox, Henderson 
and Co., Smethwick, the following description of which may not 
be uninterestmg to our readers: — ^The structure conj;tirt» of a cast- 
iron tower, or hollow column, of a conical form, 70 feet high from 
kigh water to the top of the lantern; 12 ft. 6 in. diameter at the 
iMtte, and 10 feet diameter at the top. It is composed of fifteen 
horizontal tiers of segmental plates^ each tier 5 feet high, and so 
divided that no one plate exceeds 7 feet in breadth. 'J'he plates 
are provided with Ganges, strengthened with brackets, and having 
holt-holes with bosses opposite each other for bolting togetlier. 
The thickness of the plates varies from 1 Jf to 1 J inch. Round the 
bottom tier of plates there is a large flange, through which a 
number of long nolding-down bolt^ pass to secure it to the foun* 
daiion. In the second tier of platefi there is a strong cast-iron 
door, accurately fitted, leBding to the staircase, which winds 
round a central column. Equally distributed throughout the 
tower are six wiudows, to give light to the staircase. They are of 
a circular form, and the frames are made of cast-iron, secured to 
the plates, and p la zed with plates of ghisi* gtha of an inch thick. 
The entrance- door at the foot of the tower is 6 ft. 8 in. high, and 
S ft. 6 in. in width. The hinges are of brass, and fixed to the 
door and frame with countersunk headed tap*screws. The gallery 
platform at the summit of the tower, for the supnort of the lan- 
tern, consists of cast^ron radial p!ate3=i, Jths of an inch thick, 
tmly-pointed, (itted, and bolted together. The projectional jiur- 
tion of the platform rests upon eight cast-iron brackets, filled and 
fixed to the upper tier of segmental pbtes of the tower. The 
gallery platform is provided outs^ide with a railing of wrought 
iron, 3tt, Sin, in height, contjisting of baIu3ler-r<»dR^ fitted to u 
rail at the top and bottom. The top of the spiral staircase is pro- 
vided with a deal-boarded incloaure and a deal door, forming" a 
bulk-head, to prevent any draught entering tfie lantern. The 
lantern is 10 feet in diameter over all, and U ft, 6 in, higli from 
the floor of the gallery to the undersside of the roof. The lower 
part, or plinth, is 5 ft, G in. high, and constructed entirely of cast- 
iron plates lined with wood. One-hiilf of the lantern consists of 
cast-iron plates, lined with wood, and the other half is glazed with 
flat plate^glass fixed in gun^metal sash-frames, and fastened with 
putty and metal pins. The roof is composed of double plates of 
sheet copper. A copper ventilator and a dart weathercock is 
fixed to the top of the lanlern, and a lightning-conductor, tipped 
with gold, has been added. The whole of the cast and wraught- 
iron is painted in oil colour, with the exception of the bolts and 
nuts, which are thoroughly coated with coal-tar. The lantern is 
provided with a reciprocal light illuminating 120^ of the horizon, 
consisting of fourteen Argand lamps and fourteen plated reflectors 
of the most approved construction. The lantern is reached by 
ninety-eight steps of cast-iron. The lighthouse, on being com- 
pleted, was, according to agreement, erected on the premit*es, and 
all the part-^ connected, and it is at present standing in its com- 
plete state on a rising ground near the canal. On two occasions 
the lantern has been lighted, and produced a wonderful effect-^ 
Burpaesing expectation — and at night was seen at an immense dis- 
tance. The drawings, &c., were supplied by Mr. Cowper, the 
eminent engineer at the London Works^. The liijhthouse is for 
the East India Company, and its destination iMiddleton Point, 
Saugor Island, Indm.—'Birmingham Gazette, 



New York.— A new bank, called the Pacific Bank, hns been 
built in Broadway, The well-known hotel, the Astor Hotel, is 
being repaired and enlarged* At no period was there ever such 
activity in building in New York, or such quantities of building 
materials brought into the city. 
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ON DEDUCTIONS FROI^I METEOROLOGICAL 
OBSERVATIONS, 
On Dediirthnt fiwn Meteorohgkal Ob^ermttomg. By Joon Drew, 
Esq., F.R.A.S,, Member of the Council of the British Meteoro- 
logical Society. 

1 HE efforts of the British I^leteorologieal Society are directed, 
for the present, to the attainment of mean monthly values of atmo- 
Bpheric phenomena for varifms localities. My last paper directed 
attention to the abaoluto necessity of referring all observations to 
acknowledged standards; and pointed out the means by which 
olrservera in districts n idely dispersed, might he certain that the 
indications of their inatrumenta were in accordance with truth. 
Presuming that the posseesora of trustworthy instruments are 
competent to record their observations accurately and faithfully, 
it is my inteutian, in continuing the subject, to devote the present 
essay to the explanation of certain legitimate deductions from 
thermometric and barometric registrations. 

To be able to compare the observations recorded in various 
quarters in a manner the most immediate and direct, it is of 
importance that the daily registration sliould be conducted by 
each observer on precisely the s;ime plan; so that on the transmis- 
sion of the series to head quarters, a comparison of column with 
column may be made at a ginnce. To facilitate this essential object, 
the Council of the British iMeteorological Society, at its meeting 
in July, agreed upon a form of registration which has since been 
printed, and which may he obtained from Mr. Glashier, the Hono- 
rary Secretary, by all those who are anxious to co-operate in the 
objects of the Society. Each sheet is ruled for one month ; and 
the following copy of the heading will show the extent of the 
demand on an observer's industry: — 
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Fnin Uid ttdoptNd Mrin T(Mnperntur«ft of A If and ETapormUoa, the follow inf ^TgrO' 
tiitflrlirjii fffsulu «r« to be c&iGulated by 01fti»h«r'i UjgroBMlrical Tftblw* 

Th'»Temi?rriitur« ofUu D««polDl ., .. .. *« 

The elnsiic r9r<?e of Ynjiqur 

Th« w©'^ht of Vafjour in a cubsc fool of XIr 

The a>Jdiilt)ii»i weight of Valour r(K|uk/Ml ta •aiurata i 

cubic foot ol Air ., ,, ., ,* 

The dci;r«« of HMiollklf (eompletir na'uraUM *> I) ,, 
Tho at«r<iv« vf>ighr o| a eubic Fool of Air 

The orifitnal resiiter, or a verifiod copv, 1« lo be irahmnllttjcl. at the i*nd of «¥*ry 
month, lo the ^irrretJtry of tho BriUib M«ieorolo|(lcal 84;x:ktfrx* l^, litt^Unottiii 
Terrace, 0]«cJiIiMt]i, K«nU 



The atmosphere which gurrounds our cloUe is suhject to agita- 
tions far more extensive than the swi^ll nf t^ie ocean; waves as 
broAd as the Athtntic itself pass over us from time t*> time. Inde- 
pendently of these atmospheric wavee, hourly variutituts in the 
pressure of the air have been determined, which seem to follow a 
dehnlte law. One of the cnusea of these fluctuations U variation 
of temperature; another is the union with the iieriHl of an aqueous 
vapour. Such is the tendency of the air to unite with the vapour 
of water that it mav be said, in no case, tn he found in a state of 
absolute dryness: ttie su]jplv is obtained from rivers, the ocean, 
the surface of the soil. 'I^he very laws of nature tend to its 
dtstrilmtion — winds and atmospheric currents lead to its equable 
diffusion. We may, indeed, consider the globe to be surrounded 
with t^vo co-existing atmospheres — the one of air, and the other of 
aqueous vapour — not chemically combined, but commingled, or 
TOCchaniiiallv united; the one being, as it were, diffused throughout 
the pores o* the other, as water through the substance of a filtering 
vessel or the pores of sponge; and they may be, for the sake of 
experiment, aa readily separated as the'sponge may be relieved of 
its aqueous burden by compression. As the sponge, moreover, by 
its elasticity will recover its size, as before, so if we deprive a 
cubic foot of air of its moisture it will occupy the same space, 
though its density will be less. The experimentii of Dalton and 
others have prr,ved this remarkable fact, that uiidci simibir circum- 
stances as to tcmperalTire and pressure, the quantity of watery 
vapour existing in air will be exactly equal to what it wuuM be in 
a vacuum of equal capacity; and that, if we have the means of 
computing the pressure or weight of vapour in vacuo, we shall be 
able to determine with equalaccuracy the actual weight uf moisture 
in a given volume of air by the same means; in fact that, in either 
case, the pressure will be the same* 

The capacity of air for moisture increases with the temperature ; 
but there is a limit to its power of htdding aqueous vapour in 
solution; when this limit is attained, the air is in a state 6f complete 
saturation. If from any cau^^e a volume of air in this condition 
should be sudderdy cooled, a deposition of mtusture siirceeds; the 
air parts with aqueous vapour in minute particles; and if it be free 
from agitation these appear in the form of deu^, which is witnessed 
in perfect ion itfter the removal of the heat of the sun on a still 
autumnal night. The etfcrt of a teoipemture below the freezing 
point will be to convert the dew into hoar frosty as is visible when 
winter anj>roaches. 

Should the air part from its moisture at a distance from the 
et^rth's surface, the aqueous particles will separately descend but 
fclowly, or not at all. By the law of aggregation, they will unite 
in globular forms, nnd their united weight being now sufficient to 
overcome atnn»sphenc resistance, they will be attracted towards 
the e^irth, and fall in the form of dropJi of ram. That electricity is 
concerned in the production of rain is more thun probable; and 
this opinion is conlirmed by the fact that copious and heavy 
showers fall during a thunder--i.torm. 

Dry air is denser th.-in the vapour of water, and a mixture of the 
two will be lighter than the same volume of dry air alone. Thus 
we find the mercury of tho haroiueter will indicate a decrease of 
pressure on a damp foggy day; whereas it will be found to rit^e in fair 
dry weather. Most ot the variations indicated by the barometer 
arise from the greater or less degree of moisture exis^ting in the 
air; and the interchange of aerial strata of variouj^ densities, and 
in various conditicms as regards heat, produces all the iluctoations 
of pressure observed. Whether the^e are only the lower strata of 
the atmosphere — how high they extend — whether the height of the 
atmosphere above the earth's surface is inv»uriable — ^are questions 
for science to determine. 

Evaporation and conilen!?ation of aqueous vaptoir tend, in various 
ways, to ditfuse heat more equally throughout tho globe. As ihe 
power of the air to imbibe moisture increases witl* the temperature, 
evaporation goes on with most rapidity iu wai^m climates, and the 



heat absorbed in the process has a coollttg tendency. Strata of 
warm air, elevated by the in -rush of cooler draughts, are driven to 
regions where the temperature is lower; here the vapour 18 con- 
densed, and its latent neat is given forth to mitigate the severity 
of the colder climate. 

If two saturated volumes of air of unequal temperature, and 
therefore of varying capacities for moisture, meet each other, their 
tendency will be' to unite and equalise both the temperature and 
the moi>4tur©. The moisture, however, will always be in exce8«» 
for the two processes will not proceed at the same rate* Thu«, 
supposing two volumes of air, kine of the temperature of 40*^, and 
the other of 60% to unite, the mean temperature of the mass will 
be 50^. The ehistic force of vapuur at W^ of temperature (a# will 
be explained more fully hereafter) is '^Ol measured as pressure in 
inches t»f mercury; at' 60^" it is 'o'iS; but at 50% the mean of tho 
two temperatures, the elastic force is '373, which is less than *39* 
(the mean of the others) by "021: this represents the tension of that 
portion of moisture which would be set free. If this vapour, in its 
liberated state, meet with a stratum of air not saturateil with 
moisture, it will be re-absorbed either partially or entirely; if only 
partially, the remaining portion, consisting of aqueous vapour in 
an extremely minute state of subdivision, may be arrested in its 
descent, and float in the atmosphere in the form of eioudg. 

From the preceding observations it will appear that the pressiLre 
shown hy the barometer is compounded of that of the air itself 
and the co^exiating vapour of water, from which it is never entirely 
disunited. It will now be shown in what manner these two forces 
may be separated, and the proper value assigned to each. We shall 
then be led to appreciate the simplicity of the process of deducing 
the hygrometric state of the atmosphere from simply observing thd 
diiference between dry and wet bulb thermometers; in other wordSi 
by remarking the diiference between the temperature of the air 
and the temperature of evaporation, 

Tension of Aqueous Vapour. 

The experiments of Dalton, and more recently of Dr. Ifie^ 
Regnault, and others, have been the foundation of tables^ showing 
the elastic force of vapour as measured in inches of mercury for 
every degree of temperature. Since many of the deduced results 
depend upon these, a description of the method employed by Dr, 
Ure in determining the tension of vapour may tend to give 
confidence in the results. 

D L K is a syphon barometer, the leg E being closed, and the 
other open at D. On the admission of the mer- 
cury there will, of course, be an equilibrium when 
the column in the closed leg balances the atmo- 
spheric pressure on the surface of the mercury 
in the other, and the space above G will be a 
vacuum; a glass vessel is adapted to the outside 
of this portion of the tube, and rings of platinum 
wire on the exterior of the tube serve to mark the 
height of the mercury in each leg. A drop of 
water is now inttoduced into the vacant space 
above G, which is foTthwiih changed to vapour, and 
the vessel A is filled with water, the temperature 
of which is shown by the thermometer inserted 
therein. The tension of the vapour will of coutm 
cause the mercury to descend in the tube E, and 
rise in the lube D; a portion of the metal is now 
poured into the open tube until its weight counter* 
bahmces the tension of the aqueous vapour, and 
brings the mercury to its original level at G. Let 
O L be the space occupied by the additional quan* 
I I jj tity of mercury; this space, accurately ascertained, 

VZ>^ will be the measure, in inches of mercury, of the 

elasticity of aqueous vapour at the temperature 
shown by the immersed therniometer. By varying the heat of the 
water, by using ireciiing mixtures for the low temperatures, and 
boiling oil for tlie higher. Dr. Ure i»btained results ranging between 
'iV and 3X2'^ of heat; the elastic force for the former being 0* If 
inch, for the latter, 167 inches. 

The Greenwich iMeteorological Observations contain "J Tnhk^ 
showing Ihf^ Ehatic Forva of Vajtour in inches of Men'ury for every 
tvtdh of a deffrecyfrom 0^ to JJO^;" an extract from it is here giveOi 
to illustrate its use in the subsequent deductions. 

Tsmp. Force of vapour Temp. Port'e of vapour 
Fahr. In lrch#B. Fnhr. in lnch«». 
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Dew-Foinf. 

If * volume of air of tlie temperature of 35'^ be saturated with 
moisture, it fullowtj that the tension af such moisture ia eqiiivEtletit 
to iZSS of an iiivh of mercury. Hence, if the biirometer rejiding" 
he 29*886, the pressure due tu air aJaiie, supposing it tu he deprived 
of ita vapour, is 29'Sm — 0'222; or, 29'mi. 

Complete saturation, however, is of comparatively rare occur- 
rcoce: only, indeed, when the readings of the wet and dry bulb 
^re alike. In eveiy other case the air is capable of retaining a 
greater quantity of aqueous vapour. The knowledge of the dew- 
point here comes to our assistance. The dew-poiut irives a tempe- 
rature to which, if we suppose any volume of t-^ir reduced, it 
would he saturated with the moisture contained within it. This 
point may be ascertained immediately by means of Danieirs hy* 
grometer, as was shown in my last paper. Entering- the table then 
with the temperature of the dewpoint, or that temperature at 
which the air would be ready to part with its njoisture, we ascer* 
tain, as before, the tension of aqueous vapour under any given 
condition of the atmosphere. 

Thus, supposing that dew begins to be deposited at 31°, the air 
Wing' of any temperature, we enter tl^e table with 31 \ and fiiid 
the tension of aqueous vapour 0192 inches; which, subtracted 
from the reading of the barometer, will give the pressure of dry 
air. 

If the dew-point ia not directly ascertained, it must he inferred 
from simultaneous uhservatii*ns of the dry and wet bulb thermo- 
meters, by means of Glaisher'a factors, to be spoken of presently. 
In Mr. Glaisher's jjrMcti*!e, he at times experienced difficulties in 
the use of DanieUs hyprometer; and at times he found that the 
simultaneous results of the dew-point, as found from DanieH's 
hygrometer and the dry and wet bulb thermometers, were dis- 
cordant: and on investigating these causes^ he found that the 
error rested alone with Daniefl s hygrometer. The times at w?iich 
the«e discordances existed were in those particular states of the 
air when great dryness was prevalent; antl the depression of the 
temperature of the dew-point below that of the air was great, and 
ft long time elapsed after the dropping of ether on the white ball 
before dew was deposited on the hliick ball. Such would require 
the long continuance of the observer near the int*trument, and this 
necessarily would influence both the hygromelrical state, as well 
as the temperature of the air around the instrument; and this 
wotild be especially the case if the observer be short-aighted, and 
obliged to approach the instrument very nearly. And he makes 
the following objections to the use of this hygrometer;^ — 

*' Supposing the inclosed thermometer to be one of extreme deli- 
cacy, which it is not, it would then indicate the temperature of 
the portion of ether only in which its bulb was in contact, and 
whicn portion may be very different from that which is l>elow it; 
and may be very different indeed from that part of the outt^ide of 
the gloss upon which the dew is deposited. And if the ether be 
dropped very slowly upon the white bulb, so that evaporation 
should nroceed slowly, the evil of long-continued watching is 
TtquiiSi; and if more quickly, then the different layers of the 
liadlOMd ether is of different temperatures. It mu^t also be recol- 
lected that the situation of the black ball, upon which the deposit 
of dew takes place, is not very far from the white bail; and in 
cases where large quantities of ether are necessary, such must 
influence materially the hygrometrical state of the air in the space 
included by both bulbs," 

In consequence nf these sources of error in the use of Daniell's 
hygrometer, together with its expense in use and trouble in using, 
Wr. Giaisher made many attempts, by different comiu nations of 
the results derived from the observations of the dry and wet bulb 
thermometers, to deduce the temperature of the dew-poiut from 
them; and at last found that the difference between the tempera- 
tures of air and dew-point, divided by the difference between the 
temperatures of air and evaporation, was constant at the same 
temperature; but that this value was different with every different 
temperature. 

He then collected all the simultaneous observations which had 
t>ee& made at Greenwich, everv two hours, from the year 164.0 to 
ld44, aad from them deduced the folluwiug table: — 



TaiUe of Faclort, by tehich the BiJ^ermet qf R^adingn qf thi Dry Buib 
and fS'ft Butb U to fit muitiptied, in order to produce the Difference be* 
Iween the Headinge qf the Dry Bulb and Dew- Point Thermomelern. 
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On the Weiffhi of Fa pour in a Cubic Foot of Air, 

On the Weight tf a Cubie Foot of Air, 

On the Amount of Vapour required for Comptete Satmxiti/m. 

On the Degree of Jlumidity of the Atmo*i>hcre, 

It has been experimentally determined hy M. Gay-Lussac, that 
atr expands ^iuth pait of its bulk for every addition of V^ of heat, 
inasmuch an it expands equally with equal increments of heat from 
the freezing to tbe boiling point, to the amount of % of its bulk. 
Takings a cubic foot of dry air at a pressure of 30 inches, and » 
tempeniture of 32** as unity, a simple proportion will g^ve the 
space It will occupy when subject to any given degree u^ tempera- 
ture — say 41°. 

Now, by the addition of 18D°, we find the expansion | of the 
volume (viz,j fromSf ^ to 21^^); required the expansion for -14 — 32, 
or 12^. 

180^ : 12* : r f : ^t «0 that the cubic foot of air becomes 1-025 ft. 

From determinations of the weight of a mass of dry air under a 
pressure of 30 inches by Sir George Shuckburgh, Biot, and Thennrd, 
tt is inferred that a cubic foot of dry air, at 32% under pressure of 
ao inches, weighs 5i;3 grains ; whence we may determine its wer^Hit 
after expansion hy heat (say, at a temperature of 44^), by the fol- 
lowing proportion: — 

J '025 feet : 1 foot : : 563 grains : 5 19*27 grains. 

The next step is to ascertain the enlargement which a volume of 
dry air receives when saturated with vapour at any degi^ee of 
temperature; but in the examples, 41° will be the degree a^isumcd^ 
and a cubic foot the volume. 

If a cubic foot of dry air, of known elasticity, be mixed with a 
cubic foot of vapour, also of known elasticity, and if the mixture 
be compressed into the space of one cubic foot, the elasticity of 
the mixture will be the sum of the two elasticities of the air nnd 
vapour; or, if it be allowed to expand till its elasticity is erpial to 
that of the unmixed air (suppose 30 inches), it will occupy a Ifir-xer 
volume, in the proportion of the sum of the two elasticities to tbe 
elasticity of the air alone. Now, from the table, we know the 
elastic force of I'apour for every degree of temperature,* let it be 
required to find the space occupied by a mixture of a cubic foot of 
dry air and moisture at the temperature of W. 

Tension of aqueous vapour at 44^ s^ 0'304 inchei 

Tension of dry air 30' 

30^301 inches. 

Then, ^rrWr - ^ -- 1 c* f, ; 1 '010 1 2 c. f., which is the space 
ccupied by the mixture of the two aerial riuids. 

The following formula will give the result in more general 
terms: — 

Let p ^ the atmospheric pressure^ as measured by the inches oi 
mercury in the barometer. 
E ;= the elasticity of vapour at a given temperature (mea- 
sured in the same way*) 
n =^ the bulk of a certain quantity of air» when dry, at the 

given temperature, and under the pressure p. 
w' ^ the bulk of the same quantity of air when saturated 
with vapour at the same temperature, and under the 
same pressure /?. 
Then, since the elasticity varies inversely as the volume, the 
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temperature remaining the same, that portion of the elastic force 
/», which dependi on the air alone, wnich occu{»ie3 the space n\ 



and this, together with E, must make up the atmospheric preastire. 
Or,p = pX~ + E; 



whence, n' — 



= 1-01013. as hefore. 



I — 



In tlie Greenwich ^feteorological Observations will be found a 
table calculated from this formula, fur every degree, from O-* to 90 \ 
From the introduction to the yearly volnmets, the following formulm 
jind explanations are extracted:— 

**Gay-Lussnc has determined by experiment, that vapours, so long 
as they remain in an aeriform state, exnand by tiie increat^ of tem- 
peruture, precisely as permanently elastic fluids, and that they 
Buffer changes of volume proportional to the chan^eis of pres«*ure; 
and be hti»^ as previously stated, determined that air expands ^ of 
its bulk from 32*^ to SIS*^, and that its expansion h uniform 
between these points. 

Therefore, if the weii^ht of a cubic foot of vapour, under the 
pressure of 30 inches of mercury, and at the temperature of *^W% 
he culled \S\ and the weight — expre:ssed in tbe same dfr;nt>min»tion 
— of an ei^iial vokine of vapour at the temperature /, be called 
W, and, it Kt be the elasticity of vapour at the temperature t, 
then (the expansion of dry air from 3^^ to 2W^ beinff 0*375, or 
being ^^th part, equab 0'0'020B3 for each degree of temperature), 

W' = 1-375 X W X E^ 

80 ( 1 + *00^S3 . t.^ — 32)* 

Now, Ga^-Lussac has also determined that a cubic inch of vapour, 
at 212^, weighs 0-149176 grains under the pressure of "2 9 "9^22 inches* 
of mercury; and, consequently^ a cubic foot of vapour, under the 
same circumstances, weighs 0*U*)176 H- 1728 ;= 25T"776 grain*] 
and under a pressure of 30 inche*, it weighs 

30 
gg;^ H- 857-776 grains = 2SS'UB grains, 

Theirefore, substituting this weight for W, the formula becomes 
1-378 X 258 448 X ^t 



\r = 



30 (1 4- *002083 X T — 32^)' 
and from this formula may be formed a table, showing the iveipfht 
of a cubic foot of vapour in grains, under the pressure of 30 inches 
of mercury for any range of the thermometer. 

The degree of humidity shows, on a natural scale, the condition 
of the air as regards moisture; complete saturation being repre- 
tiented bv unity, and the air absolutely deprived of moisture by 
zero. The number* are obtained by dividing the quantity of 
vapour whidi the air contained at the time of observation, by the 
quantity which it would contain if it were in a state of complete 
tiat oration/' 

Fromthefje principles, combined with an extension of the calcu- 
lations whit*b I have not thought fit to enter upon, Mr, Glaislier 
has formed his hygnimetricid tables, entering which with simply 
the readings of tl^e dry and wet bulb thermometer, we are enabled 
to obtain by inspection — 

1. The temperature of the dew point. 

2. The elastic force of vapour in inches of mercury* 

3. The weight of vapour in a cubic foot of air, 

4. The weight of vapour required for saturation of a cubic foot 
of air. 

5* The degree of humidity. 

6* The weight in gr^uns of a cubic foot of air, 

(To be continued^ 



YORKSHIRE AGRICULTURAL & CO^IMERCIAL BANK, 

Wk lately gave an engraving of a bank erected by Messrs. 
Itkinsun, at Whitby; and in noticing another bank by them, we 
shall have occasion to make similar remarks. The* bank now 
shown to our readers, h the office, at York, of the Yotkshire Agri- 
cultural and Commercial Banking Company. It is situated at the 
corner of High Ousegate and Castlegate, occupying an irregular 
plot of ground, but having a straight frout towaraa High Ouse- 



gate. Thegtyle adopted is Italian, with a ^d cornice, and with 
rustications on the base. The height w m three stories, with a 
bat^emont, being altogether about GO feet above the level of the 
pavement. On the Castlegate side, which is of some length, it 
has been necessary to make the building on two lines, receding 
from the main front. 
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The ground-floor, which contains the hanking offices, is of i 
height of 18 feet, and has an entrance, and two windows with 
circular heads. The material used is rubbed or cleansed Park- 
spring stone, rufiticated in the quoins, and with abase rusticated in 
panels, and, except where interrupted by doorways, carried around 
the building. The first floor is 13 feet nigh, and has three windows 
in front, ornamented with mouldings^ brackets, and carving. On 
the Castlegate side are six windows. 

By the internal arrangements the whole front of the ground- 
floor is appropriated as the banking otfice, making a rooni 27 feet 
by 24 feet, and 18 feet high. Behind thih are the manager « rooin, 
directors room, and manager's parlour. The banking oflSce i* 
highly enriched and well fitted. The windows have Bunnett 
and Corpe's iron revolving shutters. The basement is made fire- 
proof, and contains two flre-proof nmrns. Into one of these works 
a large iron safe, like that described for the Whitby Bank. It i* 
under the front counter in banking hour^ and descends into tW 
vault by an hydraulic pump. A wrought-iron door closes thii 
vault when the sale it down. The safe contains all the casb- 
drawer^, and was provided by Dewer and Co., at a cost of SOOt 
The cost of the building, exclusive of counters and furniture, wii 
nearly 40QU/, The Hre- proof vaults communicate with the bank 
above by a stair, and are shut off from the manager's private 
residence and ollices. 
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BLACKFRIARS AND WESTMINSTER BRIDGES. 

Two of the tnc'tro{>olitati bridges over the Thames — tho«e of 
Westminster and Blackfriard — are jfiving way, and threaten de- 
struction, in conse4|uence of the sinking of some of the piers. 

The ruin of these bridges will Inevitably take place if some 
immediate and effertive means be not employed to prev^ent itj and 
the consequence will be, a loss to the public of niilliciis, a gre.it 
ineonvenience for many year« to the thoroughfure between both 
sides of the Thames, and to the navigation in the rtver. Let u;* 
inquire what is the caii»je of that threatening disaster? The pro- 
biibility of such a rcfiult was foretold, and debated long before the 
removal of the old London Bridge. In 1766, Smeaton gave an 
oiTlnion^ thai if the fall at London Bridge was reduced, the navign- 
lion above the bridge would he injured Dy a reduction in the depth 
of water; and that the transverse section of the bed of the river 
would be altered, and in many places lowered, in consequence of 
the increased current of the water. Time has shown, that tn this 
hiG opinion wan correct, but not so in that; because the navigation 
has been much improved by the removal of the old London Bridge, 
which imneded the uniform flow of the water in the river, and 
dammed it up, causing a fall under the bridge, dangerous to the 
passage of buatH and barges, except at the time of high water. 
This damming up of the water had for result to keep the current 
nearly null on tlie bed of the river above the London Bridge, 
because the greater the transverse section of the water, the smaller 
in proportion will be the velocity required to transmit a given 
quantity of water in a given time. This reduction of the velocity, 
in place of excavating the bed of the river, allowed it rather to 
fill up by the accumulrilion of mud or fine sand drifted from the 
higher part of the river. But as soon as the obstacle to the water 
was removed by the removal of the old bridge, then, as was anti* 
cipated by all parties ( 1 believe), the current on the bottom of the 
river was increased, the mud and fine sand were removed down the 
river, and during freshets the larger sand and gravel were also re- 
moved; and as the piers of the bridges diverted the current, espe- 
cially at low water, into particular channels, leaving other parts op- 
posite the piers dry, or with very little water and current thereon, 
the deeper the^e particular channels became the stronger the cur- 
rent would at all times thereafter be; and thus the trana verse aectibn 
of the river*s bed has become deformed, by being auccessi vely and 
continually deepened between the piers. But this deepening 
hetweej) the piers caused an incline plane to be formed^ from the 
pier* towards the middle of the arch, or the centre of the excava- 
tion formed by the current ; and the gravel (of which the bed of 
the river is chieJly comjKised in the London district) would 
naturally roll or slide down into the cavity of the channel, and be 
carried away with the current. This work going on during a 
succession of years, has, of course, reduced the level of the ground 
around the piers, and under some of them; the consequence is too 
uppnreut to be doubted, and if not speedily remedied, may be 
deplorable. 

That Westminster Bridge, under the circumstance I have endea- 
voured to explain, should first show symptoms of dislocation, is 
what might naturally he expected, because the piers are founded on 
caissons only, without any piles to sustain them, whereas the piers 
of Blackfrlars Bridge are founded also on caissons; but the bed of 
the river under these caissons is piled, perhaps not very dee|); but 
the ground being piled, whether deeplv or otherwise, should, and 
has, resisted during a longer time to tlie action of the currents, as 
above described. If any other proof than common sense and 
reflection were wanting lor the accuracy of tbcfie deductions, it 
will be found in the circumstance, that during the construction of 
Westminster Bridge the bargemen had imprudently been allowed 
to remove gravel from near to one of the piers, so that the pier 
near to which the excavation whs permitted, sunk as soon as the 
centres of the arches were removed, the 25lh July, 1747, which 
accident caused the pier and two of the arches to be taken down 
and rehiiiltj thereby preventing the bridge being opened for the 
public till the year 17iO. 

Bbickfrinr^ Bridge was not iinished till 1770, being 20 years 
later than that of Westminster, so that even the benefit of the 
piles under the caissons does not appear to have enabled it to 
withstand the mining action of the currents on a gravel bottom. 
Neither will the Waterloo, the S<nithwark, or the new London 
Bridges be exempt from this casualty, if the foundations of the 
piers be not imbedded deep enough, beyond its influence^ or that 
meanu be m>t taken to prevent the further progress of the action 
of the current on the bed of the river* 



We may now inquire what are the means hitherto employed, or 
suggested to remedvthe work of destruction now going on, already 
so eflective on two bridges not yet one hundred years of age, while 
the age of similar structures elsewhere are meted by thousands of 
yearsT— the old London Bridge, with all its defect!, had eadured 
nine hundred years. 

In regard to Westminster Bridge, which had no piling under 
the caision, and under which the action of the current had formed 
a deep channel in the bed of the river, under several of its arches, 
on a level with, or lower than tlie bottom of, the caissons. It was 
determined to construct cofferdams round the several pier* thus 
yndemiined, and then to drive piles all round the foundations, 
with the intention, no doubt, to keep the foundation from slipping, 
and to keep the soil or gravel from going from under the pier» 
But the remedy thus npplied unfortunately only tended to increase 
the evil, inasmuch that, during the driving of the piles, the con- 
cussion given by the driving, as well as the grapplings and anchors 
used for this purpose in that part of the river, would facilitate and 
urge the already too prone disposition of the soil or gravel to fall 
into the depth of the channel, and be carried olf by the currents 
And every pile thus driven, besides causing the removal of a large 
quantity of gravel from under and around the piers within the 
sphere of its action, would also lessen the passage for the water, 
and consequently increase the velocity of the current, which 
would ho thus progressively increased; and its action in the work 
of undermining the pier would also go on in a proportional pro- 
gression, till the cofferdam could be completed, which is not the 
work of a day, of a week, or of a month, whereas the action of 
the current is Incessant and loses no time, but will increase in 
energy as the pile-driving proceeds; and if, when the cofferdam is 
clofied, putting the foundation of the pier in apparent security, the 
current then being contracted into a more narrow space, will, as if 
in retaliation, act with so much the more energy in deepening the 
channel, and thus tend the more to undermine the piers, and even 
the very piles which were driven for to baffle its efforts. That 
this is the result, has been fully shown, and will at all times, under 
similar circnmstances, be so, is evident from numerous examples 
which could be cited, if it were necessary; but those who will not 
believe what they see, cannot be expected to take for granted 
what they are told. What I have here endeavoured to explain 
has, \ believe, taken place at VV^estminster Bridge; during the 
time the piling wfis being proceeded with, the piers under that 
operation stink so considerably as to endanger the falling of some 
of the arches. It was then decided to apply centerings to prop ufi 
the arches,— thus one expedient invariaUy leads to another. Let 
us examine for an instant the consequence which may be expected 
from this new expedient. I have already ventured to affirm tliat, 
after all the piling they have applied, and if as many more were 
added, it would not give stability to the piers, but, by coutractlog 
the water-way, would render the destruction of the bridge, if pos- 
sible, more certain. If, then, under that dilemma, being certain 
the piers will continue to descend, while the arches are by centrei 
retained at their present elevation and position, is it not evident 
that the pier will be separated from the arch, and thus the bridge 
would become completely dislocated, never agnin to be r^ujuted 
until the pier be secure, and until the arch be rebuilt.^ 

What is now going on at Black friars Bridge? I'hey are titiiig 
and tatting about the channel, under the bridge, and about the 
foundations of the piers, and after many weeks delay in aearchiju 
out what might at once have been inferred, it has been discovered 
tliat the foundations of the piers are degraded, and the bi 
conaeouentlv in a dangerous stale; all this can he discovered 
superficial observer walking along the bridge, without eithi 
diving-bell or a soundiug-pule; the crushings and fractures, and 
variations of level.,5 — taking phice on the parapet from day to da)', 
with a fearful rapidity— iseem to announce the downfall of the 
bridge as near at hand, ^hile nothing appenni t« be doing to pre* 
vent so deplorable a cut;istrophe, which, in case of the event takiuf 
place, wilt be anything but creditable to the country, and mure 
especially to our engineering community. 

It is ill coiiteniplution, say they, to stop the thoroughfare on the 
bridge, and to erect centres under the arches, as at VV'estminiter 
Bridge ; this will certainly be an interesting feature at the greit 
Exhibiti<in, to exhibit to tlie world, that after building costly, 
w hat might well be deemed efficient bridges, that from unjusti ' 

parsimony, or neglect, we allow tht!se bridges prematurely to pei 

1 have already said, and endeavoured to illustrate, what will be iKe 
result of p'ding and centering — it will aggravate the evil, aod 
accelerate the destruction of the bridges to which it may b# ip- 
plied* — U'hat then is to be dune ? 
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It IS, m my hnmble opinion, simple, efficacious, expeditioun, and 
of little cost, compared with otlier means that have been or may 
be sii^ge-sted— that is, if not tf»o late. For if the pier or piers of 
the Black friars Bndjure be already very much degraded, there is no 
remedy but to demolish and rebuild the arches, and the pier or picr«; 
but, if a few weeks ago (perhaps it is mit yet too late), in place of 
^Fi^ting time in frivolous manoeuvres, those charged with these mat- 
terfi had set to laA-Jf i/ij%ht earnest, with every means availablfv to 
fill up with rubble atone or hard hri^A' the tAfc^s^ fwiPt oft he chan- 
nel under the bridge, to bring it up to the general level of thebetl of 
the river at that part, the same operation being continued through- 
out the entire transverse section of the river, above and below the 
bridge, for at least one hundred feet; then, 1 have no hesitation in 
saying, the bridge would have been preserved from further acci- 
dent* Having been so w ell forewarned of the prohahiHty of such 
accidents occurring, it appears to me unaccountable that the state 
'Ve bed of the river has not been carefully watched, more espe- 
ne^r the bridges, and that any deviation from the projier 
should not have beea at once corrected, by filling in with 
itooe or brick rubbish. 

And if it be desirable to secure the other bridges from similar 
accidents, that which I have now suggested is the safest, the sur^^ 
the cbenpest, perhaps the only rational mude of attaining the end 
desired — reason, and practice by the first masters, confirm what 1 
here advance. Smeaton employed this means to gave the old 
London Bridge, in an emergency like that nuw occurring at Black- 
fiiara Bridge^ but he was imperative as to time, and by his desire 
the Corporation of London ordered a lot of houses to be pulled 
down, expressly to be thrown into the river: the bridge was at that 
time saved. 

The engineer, Deschamp, having built a fine bridge of three or 
four arches over the Dordogne at Libourn in France, Before two 
years after its completion, the current had so lowered the bed of 
the river under the bridge, that the piles on which the piers are 
built were to a great extent laid bare, and the whole pier vibrated 
by the action of the current. To remedy the evil, he employed 
the means I have {|uoted, and succeeded. This incident led him 
to watch with particular atteution another bridge of his construc- 
tion, of nineteen arcbeu, crossing a river lGOt> feet wide (the Thames 
at London is, I think, 1200 onlj^). Both these bridges of M. 
Deschamp'i} construction are built on a mud bottom, more than 
60 feet deep. Notwithstanding this very precarious ground to 
huUd upon, hi:* bridges have, by due attention, been preserved 
from injury, by employment of the means I have here suggested 
for the metropolitan bridges. 

The examples I have cited are, I think, finite sufficient^ in 
support of the explanation I have given in regiird to the causo of 
sucn accident, and the means of preventing them. The remarks 
which have been made of late in several contemporary publica- 
tions, on the fit ate of the Black friars Bridge, have led me to the 
preceding considerations, which, with more leisure, might have 
been better arranged and more extended. The importance of 
the 8ul>ject, nevertheless, however imperfectly hero considered, 
will perhaps induce you, Mr, Editor, to receive, with vour usual 
courtesy, these and any authentic iufonnatioa or well -intended 
suggestions on the subject, 

London^ Sept. MHh^ 1850. William SrEWAttx. 



GOETHE ON THE CATHEDRAL OF STRASBURG. 

[Tranilaled by J. L.] 

"The more 1 viewed the front of this edifice, the more my first 
impression was confirmed and developed, viz,, that the sublime 
and tfie pleasing have been here completely blended. But as it is 
only possible to describe the impression made on us by that edifice, 
if we think of the combination of these two incompatible ijnalities, 
we become the more impressed with its great worth, and '^hjiU u^^o 
every effoit to express how such contradictory elements could ever 
harmoniously combine and penetrate each other, 

^V'ithout considering at first the steeples we shall speak oftho 
front, which, in the shape of an erect oblong square, forcibly 
strikes our eyes. If we approach it at twilight, by moonshme, or 
in a starry night, when the single parts have become gradually 
indistinct and have at last disapjieared, we perceive nothing but 
' olossal walU the proportions ot whose breadth and height are 
•quale and pleasing. If w« view it by daylight, and abstract in 
our mind from its detailai, we perceive the front of an edifice 
which doe* not only close up its interior, but even hides many 
adjacent parts. The apertures of this huge surface point to the 



interior, its wants and /«iitingencies^and according to this we 
may divide it into n*"^ compartments. The great central porch, 
which is directe*' awards the nave of the edifice, first attracts our 
attention. On both sides are two minor ones, belonging to the 
aisles, ^''ver the porch is the round window, which spreads over 
th*»cAurch and its vaults a mysterious light. On the side i»f this 
appear two perpendicular large openings of an oblong square form, 
which bear a great contrast to the middle one, and seem to indi- 
cate that they belong to the base of the towering steeples* In 
t!ie third story, three openings succeed each other, which serve 
for belfries antf other ecclesiastieal purposes. Oji the toii the whole 
ends horizontally with the balustrade of the gallery, xTtiich serves 
in lieu of a cornice. The nine spaces just described are sup- 
ported by four buttresses rising from the ground, which encompass 
them, and divide the front of the edifice into three large perpendi- 
cular sections. And as it cannot be denied, that the whole front 
possesses a fine proportion i»f breadth and height, these pillars 
also, as well as the gracile compartments between, add to the har- 
monious elegance of the detail. 

But let us continue our abstractions, and fancy this whole wall 
without tirnament and with stolid buttresses, in it the needful aper- 
tures, but only so far as absolutely necessary; let us think all that 
in due proportion^, then the whole would be still commanding and 
serious, but withal appear cheerless and cimbersome, and be want- 
ing in art and ornamentation. Because an object of art whose 
whole is comprised within grand, simple, and harmonious parts 
cannot fail to produce a noble and worthy impression; but that 
very enjoyment which is produced by the pleasing, cannot ariso 
but from a concordance of all detail duly developed. And it is in 
this way that the edifice satisfies us in tbe utmost possible degree, 
because we perceive all and every ornament ctmipletely in accord- 
ance with that part which it adorns ; they are co-ordinate to it, 
and seem to come out from it. Such a variety affords always a 
great satisfaction, as it i» derived from a sense of appropriation 
(amderfi GeMrigen)^ and thence satisfies our propensities for unity; 
and it is only in such cases that the execution of a work attains 
the pinnacle' of art — perfection. 

By such means it has been effected that a compact wall, a solid 
surface, which we view also as the basis of two heaven-reaching 
Kteeple.s appears to the eye, albeit imlependcrit of itself, existing 
for itself; still, as something light and gracile, something which 
although a thousandfold broken through, bears the stamp of inde- 
structible solidity. Such riddle is most happily solved. The 
openings of the wall, the solid spaces, the buttresses, have each 
its own character, arising from its individual destination; this 
goes down gradually to tlie minor compartments — thence everjr- 
thing is ornamented in a chaste manner, the great and small is m 
its right place, can be underi^tood with ea^e, and thus the pleasing 
is manifested even in the huge, 1 point merely at the doors, 
which are sunk perspectively in the substance of the walls, orna- 
mented ad itifitiitum on their" pilasters and pointed arches ; to the 
window and that artificial rose*form which arises from its circular 
shape ; in fine, the profile of its bars, as well as at the slender reed- 
columns of the perpendicular compartments. May one fancy to 
liimself the gradually receding pilasters, accompanied by slender, 
pointed arches; little structures, as it were, which, being destined 
K»r shrines of holy images, consist of equnlly uprising slender 
coJumns, ending in a sort of canopy; and thus, in line, every frieze, 
moulding and finial is transformed into a cluster of fiovrers or 
bunch of leaves, or some other form of nature turned into the 
character of the rocky material. Every one may compare the 
building itself, or some designs of either the whole or its details, 
with what 1 have said, for the sake of judging and verifying my 
opinion. It might appear exaggerated, because I myself, although 
carried away at first by my admiration for this v»'ork, still required 
some time, until 1 became thoroughly imbued with its worth. 

Brought up amongst cavillers at Gothic arcliitecture, I che- 
rished an aversion against those nninifold, overloaded, confused, 
ornaments ivhich, by their arbitrariness, rendered the character of 
fi gloomy religion almost repulsive; and 1 became confirmed in this 
iU-wiil, as it were, merely works most deficient in spirit, on which 
neither a right proportion, nor any pure consequentiality was im- 
pressed, which came umler my observation. In the Strasburg 
Catheilral, however, 1 thought to obtain a new revelation, as none 
of the above defects, but rather the reverse, were presented to me* 

But the longer I continued to view and to consider, the merit a 
above alluded to seemed to increase. 1 had already found out the 
right proportions of the major compartments, as senseful as rich an 
ornamentation, up to the minutest dctaO: now I began to compre- 
hend the relation of these numerous ornaments to each other — Xhe 
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combiimtion of so many single objectk, although aimilar yet 
infinitely varying in form and particulars — tiv#»i the saint to the 
monster — from the roi*e to the smallest leaflet. The more 1 
observed, the more 1 found to admire; the more I uuged, or 
wearied myself with drawing and measuring, the more 1 u>came 
enamoured of the work; so much so, that 1 devoted much titu« 
either in studying the present building, or in restoring on paper 
and in my mind, the much which is wanting and uncompleted, 
especially in the steeples. 

And, as it was in an old German locality that I found this ediBce 
reared, and in a truly German period of history so far progressed; 
and as the name of the builder on his modest cenotaph was also 
of German origin and sound, I dared, then, I say, called upon hy 
the worth of the structure, to cJiange the hitherto 11 1- famed 
appellation of Gothic architecture, and to vindicate the renown of 
German nrt-huilding for our nation." 



THE PLYMOUTH PUBLIC AND COTTONIAN 
LIBEARY. 

Messrs. Wiohtwick and Dasiout, Arcliitects. 

{With an Elemthn and Plan.) 
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A| JAbnrji ^, Portcr'i ApiTtJuont; C,. 8talrc4t»; D, Lobby » K, Law Llbr«j7 i 
Pr Cotton ku Ubrftry. 

^Ve give this month an elevation of the new building which is 
now being erected, in addition to the existing Public Library of 
Plymouth, for the reception of the munificent be<iuest which has 
been made by William Cotton, Esq,, for the benefit of art and 
literature in the wewt of England; and certainly Plymouth has 
just reason to be proud of the good will of such a donor, and of the 
riches he has consigned to her poaiession. To meet the singular 
liberality of Mr. Cotton, the shareholders of the old library and 
the public in general have come forward in a manner which do€« 
them credit, to provide a fitting casket for the reception of the 
gems consigned to them: and a building has been designed, which, 



though necwsarily simple in its general form, will ha highly 
ornate in its features. It ia already commenced, and is expected 
to be finished about May next. The ground-floor will he derated 
to the common entrance, and to the reading and committee-roomi 
of the Public Library; alao to the staircase exclusively belonging 
to the Cottonian apartment, which will occupy the chief portion of 
the upper floor. Of this floor we give a plan. The t<>i:w.'i^':^%ff 
be ligijted by handsome lantern li«ght.<i, coTiiftructed with every 
regard to the 6ue effect ol tVie iVicturea, drawings, and articles of 
vgrtu which will enrich their walla. 

The old building was erected in the year 18 1«, from designs by 
the late J. Foulston, architect, and presented a recessed front of 
severely Greek character, after the fasliion of the Monument of 
ThrasyUui at Athens, The present front is brought forward as 
far as permissible by the town authorities, and is in the Graag^H 
Italian style. The architects are Messrs. Wight wick and Dumm^^M 
of Plymouth, who have erected many public structures in the wetW^ 
England, and the one now rejjresented is not among the least cr^ 
di table. The material is stone; and though the building i« not of 
great dimensions, a character of respectability is given to it by the 
large size of the det^iils, Messrs. W ightwick and Damout having 
carefully treated the door and windows, which are few in number, 
but of large size, well grouped together, and highly ornamented. 
On the ground-floor, it will be seen, these openings occupy much 
of the wall-space; and though decorated, the degree of ornament 
is less than on the first floor, where the three windows are each of 
single lights and smaller dimensions. These windows are carried 
up in the line of composition from the middle light of the loi 
windows and from the door, so as to secure harmony and 
form it y in the design. The treatment of the cornice, Ir- 
trades, &c, likewise deserves notice, and contributes to the 
of the building. The various points of composition are 
balanced; and the whole shows evidence of artistic skill and power 
of composition and comblnatton. 

Mr. Cotton's donation consisti of various ranges of bookc^Lsea of 
amboyna wood, with plate glass fronts, containing many hundred 
vcdumes of books in the various brancnes of Literature; asplendid 
and unique series of 4700 prints, engraved by the best artittn 
from paintings by the most celebrated masters; a valuable colleo> 
tion of about 250 original drawings, by the old masters, in the most 
perfect state of preservation; a considerable number of painting* 
and framed drawings and engravings, of rarity and value; several 
illuminated MSS, of much lieauty and elegance; some magnilicent 
cinq-cento bronzes, terra-cottas, models in cork, and carvings in 
box wood, cabinets, carved furniture, &c.; many magnificent chLus 
vases and beakers^ casts, &c. 

The collection of books contains many specimens of early Topo- 
graphy; works on the Fine Arts and Antiquities; Greek and Latin 
C J asdics; the most celebrated French, Italian, and Spanith 
authors ; the English poets, &c. 

The collection of original drawings by the old masters com prises 
amongst many others, some splendid examples by Zucchsrelli, 
Guercino, Agostino Caracci, Claude, Ruysdael, Van der Veldc, 
Berchem, Van Goyen, Van der Meer, Rousseau, Chatelaia, 
lireugheL Loutherburg, Domenichino, Carlo Maratti, Poassin, 
Boudon, Le Brun, Rubens, Vandyke, Verdier, Watteau, Cipriani, 
Ruvsbach, Leonardo da Vinci, Andrea del Sarto, Bassano, Mula^ 
Holbein, t>e la Bella^ Callot, Boucher, Rembrandt, Inigo Jones, 
Barlowe, Seymour, Deacon, Worlidge, Richiirdson, ThornhilJ, 
Cosway, Paul Sandby, Watts, Mario w, Cattermole, Turner of 
Oxford, Denning, Purser, Wihon, Lambert, Wootton, Israan, 
Cooper, De la Jlotte, Dallaway, &c, &c. Among the bronzes 
are Lorenzo de Medici, after Michael Angelo ; History and Elo- 
tjuerice, after Algarchi ; Samson and the Lion, by Uenvenuto 
Cellini, (from the Pesaro Collection) ; Antinous, &c. &c. 

Among the Models are a Philosopher reading, by Michael Rays- 
bach ; Farneso Flora and Ceres, by Coade; Santa Babrlna, by 
Bernini ; Santa Susanna ; Gladiator ; Venus and Mercury, by Pi- 

faJli; Jupiter and Mercury, in wax, by Gosset ; ^hakspeare, 
lindoo Idols, &c, ; models of houses and baths at Pompeii, wood- 
carvings of Silenus, &c. 

The paintings contain examples by Sir Joshua Reynolda, and 
many other distinguished masters* 

Altogether this collection supplies great artistic resources for 
Plymouth and its neighbourhood, which bonst the birth-places of 
Reynolds and Haydou. It is to be hoped application will be made 
to the government for a collection of casts, find that it will he 
answered with the same success as in the case of the Scilford 
Museum and Library. 
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COMPETITION FOR THE BUILDING OF THE RHINE 
BRIDGE, NEAR COLOGNE. 

The above certainly is a work nhlcli, when completed, will 
refloct credit on our a^^e^ as since tlie times of Dnisus im 
bridire ever ex lifted on this part of the Rhine* The competition 
drawings sent in amiuint to the large number of 163; amonffst 
tliern 2J are from Enu:land» It caimot, however, be denied^ that 
many of them are quite without any |iractie.al vatae. There are 
competent persons who also think* that the small prize of 260 
Frederic dV»r8 (of about 15** each), may not have been sufficient 
for men of real abilitv to come forward in the competition. Still, 
Amongst the plans from England, there may be several whose 
authors were rather prompted by ambitious motives than those 
of mere lucre* Some of the drawinizs attract notice by the splendid 
way in which they are ornamented. In a few cai^es there are 
special landscapes and views added to the plans, which conld not 
have been drawn but by some professional painter of views. Some 
few are also framed and j^^lazecl, but the lart^e Jsize of the panes has 
occasioned their breaking during- the transport. One of the com- 
petitors has specially come over to liermany, and has been pre- 
t^ented to, and has dined with, the Kin^ of Prussia. It is, how- 
ever, impofisihle to form now even an approximate idea, in how far 
this competition might have been the means to prejmre the execu- 
tion of a work whuse ©intimated cost of one and n half tntUion of 
thalers proves that even the mechanical means and contrivances of 
Germnny will have to be iftrained for its uUimate completion. 

Li 



Oil the Strentfth of MnteriaU^ containing varioua original and use- 
ftilformnffT^ stfiecwUy aftpiied to Tubular BrUigen^ Wmuyht-irmi and 
Cfifit'-irfin J^*^^mSy ^t\ By Thoma*^ Tatk, Author of the * Principles 
of the Differential and Integral Calculus, Factorial Analysis/ &c. 
London: printed for Longman, 1850. 8vo,, pp. 96. 

When doctors disagree, who shall decide? Here is Mr. Tate 
asserting that the total breaking weight of the Conway Tubular 
Bridge is 2013 tons; while Mr! Hodgkinson computes the hame 
quantity as low aa 1081 tons — just about hnlf ! 

Before inquiring which computation is nearest to the truth, let 
us explain that the difference of the methods by which such very 
different results have been arrived at is mainly this; Mr. Hodg- 
kinson makes deductions from his own experiments, Mr. Tate 
from those of ^Ir. Fairbairn. The former found, from experiments 
on the direct longitudinal compression of wrought-iron tubes such 
as were to compose the cells of the top of the Conway Bridge, that 
eight tons per t:quare inch was the utmost force which they could 
be relieil upon to securely resist, and 12 tons per square inch to be 
their crushing force. He then assumes (RejKnt cd Iron Commis- 
sion, p. Hi) the material of which the bridge is made to be perfectly 
elastic; nnd when that is the case, the neutral line may be shown 
to be in the centre of giavity of the secticms, the areas of the 
sections of tension and comnression being inversely as the distances 
of the centres of gravity of those sections from the neutral line. 
He takes into account also the strength of the vertical sides 
of the bridge, of the angle-irons, ^c. He finds the numerical 
values determining the position of the neutrallinc passing through 
the centre of gravity, and then shows that eight tons per square 
inch at the top of the tube (which he deems the limit of safety) 
corresponds to a load at the centre of the beam, which amounts, 
including its own weight, to lO^itons, as above stated. 

This is one nicthoel. The other likewise assumes that the elastic 
forces arc pnqtortinnal to the extension and compression respec- 
tively, and that the netitral axis coincides with a line passing 
through the centre of gravity of the section. Certain rules are 
laid down respecting the relative strength of bemns miuUarit/ pro- 
portioned^ {liy the by, though Mr. Tate aeems to imagine this 
method ff treating the subject new, it has been employed in the 
pages of this Jonraai^ and is also constantly referred to by Mr* 
Hodgkinson), Then an experiment on the '* model tube," of 80 feet 
long, in which the breaking weight was stated at 89-15 tons, is 
t;Lken as the basis of c^ilculation; and assuming the Conway Bridge 
to be similarly proportioned to the model, its strength is deduced 
to be 2013 tons. 

Something is necessary to be said res|jecting the accuracy of this 
celebrated experiment on the **model tube." This tube was broken 
several times in succession by the rending of the bottom plates, 



which were each time repaired, and increased in strength tintil at 
last the tube broke by crushing of its top. In the "'Iron Commis- 
sion" Report, p. 1^9, Jlr. Hodgkinson gives the experiments in 
which the breaking weight was successively increased up to 66 tons, 
and there stops short, adding significantly^ *'There was a subse- 
quent experiment on the same tube, iijAicA w not here given^ «# / 
conceive there vntst be sofne error in it" ^Vliat error? Did Mr. 
Hodgkinson imagine that the breaking weight was erroneously 
set down? or that undue precaution was taken in selecting the 
vGTy best iron, and so preparing the experiment, that itJi success 
was rather apparent than rerd? We are not informed for what 
reastm this experiment is rejected; we are simply told that it is 
not trustworthy; and, considering what an important bearing this 
ver>' experiment has on the whole question, and on the public 
safety, it is reasonable to complain that so grave a charge is not 
circumstantinlly supported. 

It will be seen from the above account of Mr, Tate's method, 
that the accuracy of his calculation of the strength of the Conway 
Bridge depends ultimately on the accuracy of his results deduced 
from the data of the "model tube," On this subject he makes the 
following observations {p. 59): — 

** In this model beam the principle of crumpling seems to b# 
eliminated by the thickness given to the plates, by the combination 
of the cells, and by fttrong angle-iron used in connecting the plates. 
This is rendered apparent from the fact that the top area is nearly 
equal to the bottom one, when the equality to resistance is attained. 
Hence the model tubular beam may be regarded as a common 
beam, obeying the ordinary laws of compression and extension 
when subjected to transverse strain* The assumption, therefore, 
that the Conway Tube will have the same resistance to compression 
m the thin rectangular cells experimented upon by ]Mr. Hodgkinson 
is erroneous in principle; and this is rendered still more apparent 
from the calculations on the model tube given in Art, BS^ where 
the resistance per square inch to compression is found to be about 
18 tons, in the place of 8 tons, which Mr. Hodgkinson assies to it.** 

The above method of establishing the original h^qxitneses re- 
specting the law of eksticitv is altogether inconclusive. Those 
hypotheses lead to a result which nearly accords with fact— namely, 
the approximate equalitv of the areas of the bottom and top of 
the tube when they are equally strong to resist tension and com- 
pression respectively. From this fact, Mr. Tate arfiftiea back that 
the hypothesis — not may— but must be true. The fact in question 
is, however, consistent with a thousand other hypotheses which might 
he contrived and combined so as to lead up to it. This mode of 
discussina: the question is, in fact, the old illogical error of con- 
founding a direct pro[iosition with its converse— the inferring 
from *'all mutton is meat," that all meat is mutton. T asks T', Do 
Ton admit so and so to be fact? Ves. Then my propositions are 
true, for thev lead to it. This mode of discussion may be termed 
a Ttite-a-Taie. 

In order that the propositions may be certainly correct, every 
legitimate consequence of them must be consistent with correctly 
observed results. But, in truth, they lead to a result which, to 
any one moderately well acquainted with the laws of elasticity of 
iron, would instantly condemn them. In Art. 65, referred to in 
the above quotation, the tenmoji per square inch of the bottom of 
the model tube is fiiuml to be 21 tons. Now, it is known, from 
frequent and indisputable experiment, that the elasticity of 
wrought-iron is almost entirely destroyed by a far less force. In 
the Report on Iron Structures^ page 178, Mr. Hodgkinson states, 
that it appears ^*-from the results of several experiments that 
wrought-inm strained by ^vufiVm beyond 15 tons per square inch, or 
by compression beyond 1*2 tons per square inch, would be destroyed 
for all practical purposes." 

It is difficult to ascertain the utmost extent to which wrought- 
iron can he stretched before breaking, because its duct Hi tj/ permits 
it to be drawn out almost to any degree — into a wire, in fact. Up 
to a strain of about 12 tons per square inch the extension increases 
almost precisely in proportion to the extending force. Beyond that 
strain the iron begins to be drawn out very rapidly. Consequently, 
the ratio of the weight to the extension is at tirst constant, but de- 
creases very greatly after the strain exceeds the limit just indicat<«d. 
For instance, in the Report of the Iron Commission, p. 47, the stretch- 
ing weight (in pounds per square inch! of a wrought-iron bar 10 
feet long, is found to be to the extension (in inches) in the mean 
ratio 232^223 : 1, which ratio preserves nearly exact uniformity for 
the first l^ or i:i tons. For a single additional ton per square inch 
the ratio h reduced t** le^s than cnc-Afl//"— namelv, I13'i?28 : 1, and 
one ton more reduces the ratio to 67363 : I, whicli is between ow#- 
third and one-fourth the original value. When the strain is about 
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SI tons per tquare iach^ its ratio to the extension is 1^139 : 1, 
which 19 between one-fourteenth and one-fifteen tb of the original 
value. 

Mr* Tate assumes the extension to be always in tlie Kame constant 
ratio to the tenaionj and the latter he takes tube 2\ ton;s per 
■qnare inch at the bottom of the model tube. It appears, then, 
iUat he assumes the ratio at nn/re than ftmrte^m times iU rvalvaiitef 

This is, of course, decisive of the character of his assumption 
AS to "perfect elastidty,** But the nature of the error may be 
even more palpably Bhown. If A be thedii^tance from the neutral 
axis to the under edge of the beam, and o the ratio which thetenaion 
per square inch bears to the extension of a unit of length of metal, 
and p be the radius of curvature, we ktmw, by the ordinary laws 
of simple beams, which Mr. Tate applies here, that the tension per 
square inch of the under side of the beam is 

ah 



The quantity A Mr, Tate makes equal to ^*55^ and the tension 
^ 91 tons == 47040 lb. AIho we have stated that the correspond ing; 
ratio of the tension to tlie extension of a bar in ftjet or 1^0 inches 
long, is 16139 : 1, conieouentlyj a = 16139 X ISO = 19366B0. 
Therefore, the equation follows 

..r..^ ^'-55 X 1936680 
47040 == : 



or, p = 



494B2174 
47040 ' 



According to the hypotheses of the work before us^ the con- 
stant moduli of extension and compression are different; but 
the equation to the curve of defection will be of the eame form as 

• the ordinary elastic curve. Consequently, by kuovirn principles, 

^- IV 

where / is the central deflection and / the length of the beam 
between Biipportii. Taking the value of p determined above, and 
i == 75 feet — 900 inches 

1^ 810000 X 47040 ^^ ^ . , 

/= ".^ v>-..> T:t;- -- = 64*1 inches. 
I 
I 
". 



IS X 49482174 



That is, the deflection is more than five feet ftur indies. Com- 
paring this rather startling result with Mr, Fairbairn's statement 
to the Iron Commission of tli© observed deflection (which in the 
Report, p. 410. he says was 4*8S inches), we find that Mr. Tate'a 
hypotheses make the deflection between thirteen and fourteen times 
iU obiierved amount* 

In addition to the above evidence, that the tension and compres- 
sion of the lower and upper parts of the tube could not be wliat Mr. 
Tate, calculates them to be, if the beam retained perfect elasticity, 
we have strung corrtibtirative testimony of authorities on this very 
point. We have already quoted the opinion of Mr, Hodgkinson, 
that the metal w»uld be destroyed by far less strain. Mr, Edwin 
,C'lark, also, in his evidence before the Iron Commission (Report, 
. Sfil), observes: — 

** We looked upon 12 tons to the inch to be as much as we 
could safely aubject wrought-iron to as regards compression. We 
loak the resistance to compression to wroyght4ron as about 10 
tons per square inch. We founds generally speaking, when you 

I get up to 10 tons to tlie inch, most iron begins then to be percep- 
tibly altered in shape." 
Agttin, page M% he says : — 
** We were therefore limited to 12 tons to the inch, but as we 
irere not going anywhere near such a limit as that, nt>r even half 
©fit, it hardly came into play. If we made a thin cell it puckered; 
if we kept the same dimensions, and kept making the plates thicker, 
we avoided the puckering till at last we arrived at the thickness 
At which iran no longer puckers, but sustains nearly tlie whole 
strain of 12 tons per inch/ 
It was a matter of diflficulty then, and of rare occurrence, to 
carry the strain up to 12 tons, whereas Mr. Tate computes it at 
one half as much more. 

There is other evidence that the hypothesis of constant propor- 
liOQ of the elastic forces to the corresponding extension and com- 
pression is frequently quite remote from the truth. If the hypo- 
thesis were true, tue deflection of ail the experimental tubes 
should be proportional to the deflecting pressure. Tins, however, 
is found not to be the case* W^e here give a few of the deflecting 
weights, and corresponding deflections, of various rectangular tubes 



experimented upon by Mr» Hodgkin&on (Iron Commission Report, 
pp. 125 e( i€q,\ together with what the deflection would he if pro-* 
portional to the weight. All the columns of the following table, 
except the last, are taken from the Report. 



Un^li of 
tube. 


D«plli. 


Brewiai. 


Wdght on Ibft 
tube in \\!» 


Obtenrvd 
dulliction. 


BtfaeeUon it 
liro^rtional 
111 Um wel^Fit. 


It. In. 


tn. 


in. , 


lb. 






4 2| 


3 


1-9& 


449 


•035 










1344 


•150 


•105 








2210 


•345 


•175 








2464 


•435 


'1925 


8 2 


G 


3-9 


2136 


•12 










6616 


•42 


•37 








8296 


•73 


•46 








8856 


'81 


•49 


31 G 


24 


L5 5 


11,369 


•40 










61^157 


2-6 


18 


SI 6 


23-75 


15-5 


89.685 


1-35 










li>U,Bd5 


1-67 


1-51 








120,485 


2>69 


181 








126,685 


303 


i'8d 








128,885 


3-48 


191 


31 fl 


23'7S 


15'75 


33,685 


•85 










67.285 


2' ' 


169 








72.885 


2 25 


1-83 


31 6 


21 


16 


20,632 


53 










48,685 


1-20 


104 








50,730 


1-66 


130 








57,414 


2-32 


1*47 



It appears manifest from a mere inspection of the preceding 
table, that Mr, Tate's assumption of the law of elasticity is not in 
accordance with a large number of observed facts. It is very 
iniportnnt, however, to observe that whatever inaccuracies may be 
involved in the law assumed hy him, are quite inadequate to explain 
the enormous discrepancy between the deflection of the model tube 
as observed and as computed. T!ie discrepancy may arise in one 
of three ways — from inaccuracy of theory, from what 3lr. Hod^kin- 
flon terms "some error" in the data of the experiment itself, or 
frcim combination of mistakes of both kinds. A very careful exa- 
mination of the question has satisfled us that Mr. Hodgkinsou's 
surmisie is indisputably correct, and that the principal source of 
error is in the data of the experiment itself. 

Without any doitbtful ashomption of the law of elasticity, we 
ascertain with sufficient accuracy the limits within which the ten- 
sion at the bottom of the tube certainly must lie, ^Ve observe that 
the conipres^sion of the top of the tube is supplied partly by the 
plates forming^ its upper side, and partly by plates lower down, 
i-onaequentiy the *' centre of compression" is somewhere below 
the top; fimilarly^ the *' centre of tension" is somewhere above the 
bottom. The moment of the ^^ctJuple," of which the distance be* 
tween these two centres is the arm, is equal to the moment of the 
pressure of the beam on its abutment or fulcrum. The greater the 
'Varm*' the less cwleris paribun are the equal forces of compression 
and tension. Therefore taking the arm equal to the whole depth 
of the beam, we make the tension less than it can nossibly be. 
Supposing- all the tension to be at the bottom of the tube, let t be 
the tension in tons per square inch. Take the area subject to this 
tension at 19 souare inches, deducting 3^ inches, the area uf the 
rivet holes. Also the depth of the tube is 54 inches, the moment 
of the tension is therefore 54 X li>' t The pressure on the fui- 
crum is half 89*15 tons, the breaking weight, and the distance of 
the fulcrum is 450 inches. Therefore, 

54 X 19- 1 must be greater than 89-J5 X «25, 
or the tension must exceed 19.J tons per square inch; and Mr. Tate 
makes it 21 tons per square inch, a closely corresponding result. 
The result is not materially aifected if we take into account the 
area of the vertical sides of the tube. 

The dedection above computed is not that which would actually 
occur in a tube of the dimen^sions of the model strained to '21 tons 
per square inch on its under side; but merely the result of Mr. 
TateV hypotheses. In the invcstisration of the ordinary elastic 
curve a certain quantity is neglecten as small, which would not be 
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iJicoxiaideraMe in the ease before us. Ako the expression for the 
radius of curvature is in reality dependent on the varying ratio of 
tlie tension to the extension. But that the rent cIei!ection of atuhe 
of the ^iventlimensions, subject to the pven weight, would he much 
lar/^er than the deflection given in the published accounts, appears 
certain from this con^idenitiun: the strain would he more than 19^ 
tons At the centre; and it would he larg^er for a considerahle dis* 
tanceon either side the centre; consequently, the extension of the 
material would be great, and therefore the radiui of curvature 
•mall, for a large portion of the curve; whereas the publUhed 
deflection would make the radius everywhere large. 

As it appears then from the evidence of practical men^ and also 
from the conniutation above, that it is quite impossible that the 
tube could sustain anything like the computed tenisiuu, we are 
driven to the conclusion that the data themselves are erroneous. 

VV^e refrain from comment on this mo»t disagreeable concluaian, 
for the charge which it involves is of too serious a nsiture to he 
disposed of satisfactorily in an incidental manner. The public 
wtsre indubitably called upon to place confidence in the sufficiency 
in the tubular bridges by the evidence of this very experiment, of 
which the particulars, it is but too evident, haxe been wrongly 
stated. We are anxious to believe that the exaggeration of the 
strength of the model tube was unintentional, that it did not 
arise from an ignorance of the power of mathematics to detect 
the fallacy, or a futile hope to escape that irresistible cross-exa^ 
niinalion. 

Haj^pily we have the investigation of Mr. Hodgklnson to give 
confiJeiJce as to the strength of the actual Conway tube. Mr, 
Tate objects that wher^a in the tubular bridge the upper side of 
the cells is more compressed than their lower part, that investiga- 
tion proceeiia on deductions from experiments in the direct longi* 
tudinal C4>mpre«sion of celk by a pressure iiniformly distributed 
over their ends. But the weight of the objection is small when 
it is considered that the inequality of the pressure is small on 
account of the comparatively great distance of the neutral axis. 
The general character of Mr. Hodgkinson s investigation appears 
to be that of a careful and moderate estimate of the strength of 
the Conway Bridge, which, if the complexity of the subject do not 
permit of its perfect accuracy, is far^ very far, more wortliy of con- 
fidence than any deductions from the MiUwall *"*model tube." 



U«e/td Hint9 on Ventihiion, By W. Walker, Engineer. 
Manchester: Parkes. 1850. 

We are glad to see from the numerous and cheap works which 
issue from the press, that ventilation is attracting its fair share of 
public attention, and we therefore welcome the present contribu- 
tion, as no doubt our readers will; and although ventilation is 
now supposed to be well enough understood, they will no doubt 
read with satinfactton tlie extracts we hero give^ illustrative of Mr. 
Walker*s practical treatment of the subject. 

In reference to steam agency Mr, AV'alker observes; — 
** However useful Meam agency, as applied to ventilating purposes, 
may be in factories or buildings connected with them, and in theatres 
or other places liable to great and sudden influx or e/Hux of persons; 
and well as it has been found to answer in its application to other 
buildings, such as club-houses, banks, collegiate institutiona, and 
hoHpitals, in which manifest advantages have been derived from its 
employment; there will still be ^reat numbers and many classes of 
edi1ice« in which it would be, from various causes, inadmissible. 
Churches, chapels, and houses for wort^Iiip. may be ©numerated 
under this head — the numbers contained within their walls being, 
on the whole^ tolerably constant, and not liable to very sudden 
fluctuations; but especially from the circumstance that they are 
seld4»m used more than two days in the week, with intervals of two 
or three days between; and when used it is only for two hours 
consecutively, with intervals of tvro iir three hours between, With 
Buch proper i^uantity and sizes of ingress and egress flues hs can 
rendily bo obtained in the thick walls and piers of such edifices 
(if planned prior to their construction), this short period of occu- 
pation will not permit their atmosphere to become very highly 
charged with impurities, while the intervals between the services 
will be found suflUcient for an entire change of the whole atmo- 
sphere left in them at the close of each service, without resorting 
to mechanical means, In churches with loftv open roof«, of the 
medireval or early- English construction, without galleries, the 
total cubic space bears so large a proportion to that port! cm of it 
occupied at the floor level by the congregation, that scarcely any 
injurious vitiation .of the entire atmospheric contents can take 



place during the short period of occupation, provided moderate 
preparations have been made for ingress and egress. Hence, verv 
sudden and powerful ventilation is scarcely required in such 
churches, and the purification of their atmosphere may safely be 
left to the spontaneous action of those preparations; hut on spe- 
citil occasions, and in hot weather, the action of the fresh-air 
flues may be accelerated by the exhausting power of a shaft or 
trunk of adequate size running up within the 
tower or steeple, its upper end discharging into 
the external air, while its lower end communi- 
cates with the interior by openings in or near 
the roof; and this shaft may be made, in very 
hot weather, to perform two or three times its 
usual duty, by ronfaction produced at its 
lower end g by a large number of gas boTBers 
fixed there in tolerably close proximity with 
each other, and supplied with gas from the 
mains which furniMb light to the wh<de build- 
ing. These ideas have been successfully car- 




ried out in numerous instances and in large buildings. The wholt 
process recommended for such a building will be better understood 
ty a reference to the upper portion of figure 1, which represents 
a section of a church ventilated in this manner, a a, are openifl^^^ 
all round the church for admission of fresh air ; 6 ^, hot-water M^^| 
over which it is made to pass on its way to the gratings c e; 3w^, 
are openings, by which the vitiated air enters a horizontal trunk ^ 
from the end of which rises the shaft /, with a collection ^, of 
gas-jets in the bottom of it; h i^ is the gallery-line, and k^ an exca- 
vated room for the boiler, the floor of whick should be five feet 
below the floor- line of the church, 

" By simply turning the cock in the gas pipe which supplies the 
jets, the rarefaction in the shaft, and, consequently, the velocity 
and quantity of the air passed through the church, may be con- 
trolled with tolerable accuracy, and instantly proportioned to any 
greater or smaller number of persons assembled. The cost of 
piping and cock for bringing the gas to the jets has been Aiund te 
be but trifling; and as the^ need only be lighted during the time 
the church is occupied tor worship, which is seldimi of longer 
duration than two hours and a-haif, the consumption of gas is not 
very great, and amply compensated by the beneficial result 
obtained, 

'^ The means most proper to be adopted for the plentiful supply of 
fresh air in the low- roofed, g*illeried, and crowded meeting-houiBL 
will be found to consist in abundance of frenh-air openings all 
round under the windows, communicating by brick flues with the 
lower part of the spaces under the aisles and seats in which th« 
hot-water pipes that are to warm the air should be fixed. Fresh- 
air flues shotdd be constructed in all the piers between the windows, 
running as high as the gallery to supply it with fresh warmed air. 
A vitiated air-flue should also commence in each pier under the 
gallery (in order to give free egress to that which would otherwise 
be intercepted and detained under the gallery), and pass up Into a 
horiscontal trunk, running over the roof, along each side, into 1^^ 
foot of the upright shaft below the gas-jets, as before explain^^H 
Openings should alno be left in the roof, communicating withtblV 
horizontal trunks, to carry ofl" the bad and heated air over the 
galleries. Hot water pipes should be conveyed along the sid#- 
walls, under the floor, so as to worm the air that pasties up withiii 
the piers into the gallery. 

*^ The leading points to be observed in such a case are delinestad 
in the lower part of fig. 1, below the line h r* 

'^A much larger provision should be made for supplying freah air 
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to auch A house for worship, or other giiUeried hiiOding, thnn ia 
oae which has do gallery, and which possegsea the advantage of an 
ipen roof; and those who would object to the copious measures 
^"^ recommended^ as uq necessary, should well consider the follow- 
, fact« and calculations. A chapel or meeting-house with large 
leries nearly all round, capable of accommodating on special 
taaions 2000 persons, ia frequently made about 7.5 feet square, and 
15 feet average neigh t, giving a total cubic content of rather more 
than 140,000 feet. Now the authoritiesi, from Tredgold to Reid 
who have written on the subject of the quantity of freah air, 
required per minute by each mdtvidu;J, to replace that which such 
individual has rendered unfit for respiration, vary in their conclu- 
■ions from 3,| to 10 cubic feet; and if seven cubic feet be assumed 
be the proper quantity, an allowance near the average of their 
"" lie opinions will be given. The total quantity required, 

!fora,on this low standfird in such a building, to maintain its 

Mmoaphera in a state of purity when filled, will be (^00 X 7 ^) 
14,000 cubic feet every minute, and a like quantity of vitiated air 
must be carried off in the same time. Tbe atmosphere of the 
building will therefore require to be completely changed or renewed 
(140,000 -r- 14,000 — 10) iiuce in ever^f ten minutes. Let it now be 
supposed that the unusual provision of lii openings has been made 
wM round the building, for fresh air, each opening mea«uring 18 
inchtit by 6 inchest. Deducting one-third of tbe area for impedi- 
ment caused by gratings, will allow to each opening a clear area of 




a, Fire-box ; *, Ash-boij c, S noko-bot ; d, Pire-btri: ^ Smoke-tubei; 
y, Fuel box; g^ Ditnpcr; A, Flow or itetm-pipfti i, Return or coiidonaitioo 
pipe;^'» Aib-boi doori *, Fire-door; ^, Soiolie-pipe. 



half a superficial foot, and the aggregate area of all the opening 
will be eight feet. Now, to supply the required quantity of air 
(14,000 cubic feet) in the given time (one minute) through thoRe 
openings, the air must pass through them all at the velocity of 
(14,000 -5- 8 =) 1750 feet per minute, or more than twenty miles 
per hour; which it will not do, especially on a calm day in hot 
weather, when ventilation is most needed^ without the aid of some 
powerful stimulus ; and if such artificial impulse be wanting, tbo^e 
openings will, under the circumstances, he quite insufficient to 
prevent the rapid deterioration of the atmoBphere within, and 
ought, therefore, to be considerably enlarged. The bad effects of 
the usual way of obtaining a partial supply of air in such a case 
by opening tbe windows, have been already commented on. 

"Take another example from a large Gothic church, with gallerie^, 
and lofty side aisles and nave, in the neighbourhood where this is 
written; measuring 80 feet by 65 feet, with a roof approaching to 
fiutness, about 30 met in average height. This church has often 
contained 1800 persons; its cubic contents being 156,000 feet, and 
the requirement of air, allowing, as before, seven feet per minute 
to each person (ISOO X 7 =) 12,600 feet. The time in which tlio 
whole atmosphere of this church would, when containing its full 
complement of persons, require to be changed, h (15(J,000 
-r ia,600=) nh minutes; and large openings will obviously be 
required to pass the (quantity in the time. 

'^ These figures will suffice to show the neceijsity for a very much 
larger provision fur ventilation than ha« been customary in build- 
ingg containing galleries, in which the cubic contents bear a small 
proportion to the numbers as&embled." 

*^The management of the warming of a chnrch being a matter 
frequently entrusted to a sexton or verger charged with other 
duties, which necessitate his making a clean ajjpearance, and 
demand his exclusive attention during the service, it is a matter of 
some importance where hot-water apparatus are uged, to adopt 
such form of boiler as will reqaire the smallest possible attention. 
The kind shown in fig. 2 in the annexed section, will be found tp 
fulfil this requirement; many large churches having been kept 
by it at a uniform temperature with onljr three attendances m 
twenty-four hours. This sort of boiler will be found very desir- 
able in many other buildings besides churches. They are to be 
filled to the top with coke broken into small pieces, which f?ills 
on the fire as required. A very useful kind of Arnott stove has 
been largely adopted on the same principle," 

The stove here described appears to ua a very simple arrange- 
ment for effecting the purposes desired, and to be well worthy of 
adoption. 

In the whole range of ventilation there is, perhaps,- nothing bo 
much neglected as the ventilation of schools; and as it is most 
desirable public attention should be turned to the subject, we most 
willingly give room to Mr. Walker s statement of his views on the 
subject : — 

"Schools are freqently very crowded, 
and their atmosphere in a most unwhole- 
some condition. The great increase in 
their number in the populous manufactur- 
ing districts, is a gratifying sign of the 
times, and affords good reason to hope 
that the succeeding generation will grow 
up with improved ideas and habits, and^ 
as is most needful in those districts, stand 
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**Fig, 3 i« A section representing a boys and girls'school ventilnted 
(except as regards the windows) In a satisfactory manner; a a are 
the Jreiih-air openings; L b^ pipes for heating; c c, gratings for 
entrance of fresh warmed air; d d^ openings for foul air, leading 
into a trunk e, whence it h drawn down the shaft/ by the rarifying- 
furnace g^ whence it is discharged np the shaft h into the 
atmosphere. 

*^This arrangement of a rarified shaft, continued down to the 
ground for the purpose of obtaining a quick draught by a heated 
column, and requiring a down shaft to connect the ventilating 
trunk, from the top of the building, with it^ lower end, so that the 
foul air may enter it below the fire, is the same that has been 
ailopted, at very great cost, by Dr, Reid, in the new Houses of 
i'arlianient. There is a complexity and exipenae about this arrange- 
ment which would seem to be needless. The drawing down to the 
12; round-level of the whole of the vitiated air of the buiJding, and 
then sending it up again; the cost of connecting the main down- 
shaft with the up-shftft, which circumstances may require to be at 
a considerable distance; and the trouble of forming air-tight 
connecting-fiuefl to convey the vitiated air from numerous rooms 
to one main down-^haft, to say nothing of the double space and 
materials occupied by the two shafts, would render this plan, in 
numerous cases^ impracticable. To overcome some of these diffi- 
culties, the fire has, in many cases, been provided for at the roof- 
level (1 fig.3), thus reliuquishing the down-shaft and the lower 
part of the up^shaft, and so far has been an improvement; but in 
many cases the trouble of carrying up fuel and ascending to 
attend to the tire was too great, and the ventilation was, therefore, 
uncertain, Tlie best mode of effecting forcible ventilation by a 
shfift doubtless is, to adopt the la^t-named arrangement; subBti-> 
tutiug gas ranfiers for a furnace, as shown in the church, (Fig, 1.) 
By hringlng the pipe which supplies gas to the burners to some 
accessible point near the ground-floor, with a stop-cock at that 
point, the nandle of which should work in a graduated quadrant, 
the ventilation can be regulated from below with great precision. 

"Window-ventilation of u kind very frequently adopted in 
churches and schools, has been introduced into this figure {k fig. 3), 
not with a view to represent it as part of Ur, Heid's system, but 
to illustrate its bad effects, either where it is the sole provision 
made^ or ivhere it is used in combination with a better process. If 
it be the sole provision made, and the room be heated by a fire- 
place or stove, to fit*\ a downward rush of air at It)"^ (should that 
low temperature happen to prevail outside at the time),, will play 
upon the heads of those near it. If it be in force, as in the figure, 
simultaneously with proper means of introducing fresh warmed 
air, its force will be modified, and partially defected upwards, 
towards the egress openings; but whatever cold air thus enters, is 
so much deducted from that which ought to have entered warmed, 
through the pn»pcr channel c" 

We may observe, that Mr, Walker has been largely engaged at 
Manchester in the construction and adaptation of stoves, and that 
he has had considerable experienoe in many practical applications 
of veutilation. 



Suggmtlont f}r a A^ew Street through the Citg 0/ Londmi^ with a kad^ 
ing Amt^fiuct Sewer. By Nathaniel Bkardmobe, M. Inst. 
C.E, London: Weale, 1850, 

Mr, Beardmore proposes a very extensive system of street im- 
jirovement and drainage. One part of his plan is to do away with 
VV'estminster and Charin^-cross Bridges, and to construct a grand 
bridge leading from C'huriiig-cross to the "VVaterloo-road, Another 
part is a street from Temple liar, across Bridewell, south of St, 
l*Jiurs Churchyard into Kastcheap, and tbence by Crutchedfriars 
and Creat A lie-street to the Commercial-road. Coupled with this, 
he proposes to carry a grand sewer through the metropolis, from 
Bayswater to Barking Creek, 



Ri^ Agricultural Societg't Prize Model Cottages^ By Henry 
GonnAnn. London: Dean* 
Mr, Guddard, an architect of Lincoln, gained the first prize lor 
moilel cottages offered by the Royal Agricultural Society of Eng- 
land, and we presume that his designs were the best of those pre- 
seated for competition; hut we mu.st say we have seen many designs 
which are more pictures4|ue, and with better arrangements* 



ON COOLING THE ATMOSPHERE OF ROOMS. 

Sin — I wan very much pleased with the description givesi in 
your last number, of the very ingenious and simple machine for 
cooling the atmosphere of rooms. Among the many exceUencie« 
of the apparatus, not the least, I think, is the similarity between 
the means employed in it and the operations of nature consta^ntly 
producing similar effects — 1 mean the change of temperature by 
change of density. It is, indeed, an extraordinary thought^ that 
the changes of temperature observed at different heights in otit 
atmosphere may be accounted for by the fact of rarified air having 
a capacity for heat, increasing with its rarifaction, and that the 
same air whicli, made dense by the pressure of the attnofphercs, 
feels so warm at the surface of the ground, may^ wafted to tome 
hill top, and thus freed from some part of the pressure, become 
the cooling breeze; and anon, mounting still higoer, may take ita 
place among the regions of eternal snow. It appears to me that 
the similarity existing between the means employed in the appa- 
ratus, and this process in nature, forms the very best guarantee of 
its effecting the object desired in the most suitable manner, as the 
parallel between the two operations exists throughout. 

It appears to me.^ however, that some explanation of the cause 
of the increase of the temperature of air on compression would 
render the account of tlie apparatus more intelligible to the 
general reader^ as it might create misunderstanding on the subject 
merely to say that air increases in temperature on compression, 
and diminishes on expansion; Ihe fact being, that on compresaioD 
the same quantity of heat exists in the air as did before comprea* 
sion; but this increase of denHity diminishing its specific heal 
(1, e. the quantity of heat required to keep it at its fnrmer tem- 
perature), the amount of heat it posBesses above this must make 
Itself sensible, and raise the air to a higher temperature; while, 00 
the other hand, when by being rarilied, or being allowed to expand 
itself in a larger apace. Its specific heat being increased, the quan* 
tity it possesses is unable to maintain its temperature, and it 
consequently is diminished, though neither change of temperature 
is in the same ratio as the compression or expansion. 

I should scarcely think it possible that the objection anticipated 
by the inventor^ — viz., that the cooled air would be found unplea- 
santly moist, could occur. For, supposing the air to be lowered to 
the required temperature, it would be able to hold in suspension 
an amount of moi^^ture in accordance with its temperature; and, 
of course, any attempt at condensation of moisture must be made 
by removing some portion of the heat of the vapour. As Dr, 
Lardner, in his * Treatise on Heat,' observes (in speaking of the 
liquefaction of vapour by compression), that without an actual lo«i 
of heat having been sustained by the vapour, it would be impossible 
to imagine the condensation of any portion of the vapour into a 
liquid, as such condensation must be effected by the subtraction of 
all the latent heat which maintained the liquid in a vaporous form. 
Hut should it be found desirable to lower the temperature of the 
air more than could be effected (with air subjected to the amount 
of pressure state<l as that best adapted to the purpose) by water 
of the temperature of 100% or ihould it be found impoasible to 
procure water of ^^o low a temperature, I should think (aa me- 
chanical ptKver must be used for condensing the air) that the mere 
evaporation of such water as can be procured^ — effected a» described 
below, in a space approaching to a perfect vacuum in proportion to 
the degree of cold required, the vapour arising from the water 
being constantly removed, in order that its tension might nut 
prevent the farther evaporation of the liquid — would amply serve 
the purpose intended. 

This effect might be i>btained in the manner shown intbeaccom* 
panying sketch, where A, B, C, D, is a cylinder, with openings at 
the sides to connect the pipes containing the air with the air 
chamber in the cylinder hy spigot-and-faucet>joints. Water is to 
be placed in the cylinder, so as completely to cover the air chai 
E, E, E, an shown by the level F, F. In the cylinder, a pistol 

works. This mi^ht be made perfectly air-tight with ordin ^ 

hemp packing, the upper plate oi the piston being merely provided 
for the purpose of screwing down the hemp as might bo found 
necessary, and being formed with large 4q)enings in it, as show u in 
the section; while in the lower plate a valve H, is placed, which 
might be loaded in a proportion relative to the tension of the 
vapour to be raised from the water. Thus, supposing the required 
temperature of the water to be 5(f\ The tension of the vapour of 
water at 50'' is 0*375 of an inch of mercury; and as the amount of 
the pressure of the atmosphere (15 lb. on the square inch) is 
equivalent to 30 inches of mercury, it follows that the tension of 
the vapour of water at 50"" is equal to an SOth part of the weight 
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of the atmosphere, which is equal to shout thre^ oances- Now 

ithe valve in the piston bem^ loaded in this proj>ortian to its super- 
£cie9 — that is, with a weight of nine ounces — if its superfidea ia 
three inches, Mid m on, It follows, that In the Ptroke of the pi«ton 
the valve H wo^ld not be affected till the tension of the vapour 
l^ecAme of the amouot required, and, consequently, would not 
Affect the temperature of the water till it was desirahle to do bo; 
and as the vah-e could he easily loaded with any weiffht^ this would 
make the apparatus self-actinff. The valve I, on the top of the 
cylinder, might be exactly balanced, so that tlbere would be almost 
Ao pressure on the piston from the tension of the vapour above it: 
iK>me lime also placed in a vessel on the piston would absorb the 
inoistnre remaining above it. The rapidity with which water loses 
its temperature in the exhauffted receiver of an air-pump^ shows 
that a few strokes of the piHton would absorb enough of the beat of 
the water to lower it to the required temperature. 




^ 




In the removal of the vitiated air, I cannot however but think 
that mechanical means wouM be far preferable to the mere open- 
ing of a ^asb, as this proceeding must cau^e a c^rimmunication with 
the external air which would be far fnmi de^iinihle. And thi^i 
circumstance at once brings under considerntiun the vexed subject 
of ventUalionj that science so well understood in theory, but en 
lamentablv dii^played in practice^ but which is at the same time a 
subject of Bi) miich importance, that I cannot refrain from quoting 
the wordtt of a well known writer on this and similar topics. In 
contending for the superiority of ventilation effected by mecha- 
nical means. Dr. Arnott, in his * Treatise on Warming and Venti- 
lating,' observes, *^ It is a remarkable fact that the first accomplish- 
ment of perfect ventilation for a crowded place wa« not, as might 
have been anticipated, in the houses of the mat and learned, und 
therefore in our houses of parliament or in the churches of the 
wealthy, or in fashionable assembly rooms of any kind — but in the 
cotton factories. In the first mentioned places it is true that open- 
ings were made in the ceilings and sine watl^, and cowls were 
placed over the openings or nrea, or strong lamps were placed 



within them to rarify the air and cause it to ascend; but as in all 
these cases, the important object was trusted to the working of 
invisible draughts or currenU which might not take place, and 
which very often, from unsuspected countervailing influences, did 
not take place aright, the object was most imperfectly accom- 
plished. It was in the cotton-factories that fan-wheels were first 
set in motion, which, trith a certain ipeed o/evolution^ were known 
to extract a certain quantity of air," — In this paragraph the merits 
of the respective methods are fairly stated, and the plan is also 
mentioned as simple, and certainly as effective as could be deaired. 
In conclusion, 1 think that our best thanks are due to the inge- 
nious and talented author of the apparatus under consideration for 
his very useful invention; the resemblance of the means employed, 
with the circumstance which, as he observes, is so often stumbled 
on by workmen, and is noticed in every work on natural philo- 
sophy, proves to us how long a principle may be patent to our 
senses ere our minds are struck by its applicability to purposes of 
general usefulnesg. 

I am, &c. Q. 



THE ROUTE TO CALIFORNIA BY THE TEHUAN- 
TEPEC ISTHMUS. 

Ma. LsTCHEa, the Amencan Minitter at Mexico, it hti been aaaouncfd, 
bai succeeded ia effecling a treaty iwilh the Kovernoaeot of that couatr; with 
re«pect to ihe Tebmotepec roate acroit the Iitbrnm. It is undentcKMlt hat 
thii trcatf is similar in its chartcter and conditioDS to that recentlf made 
by our efBcient charg^ d' aflairs, Mr. Squireif between our f^overnmeat and 
thai of Nicaragua* The documents connected with the aflfair will toon be 
placed before the senate of the United States. The preiomption is, that 
the itipulations do not vary widely from those incorporated in SatiU Anna's 
decree of the 1st of March, 1B42', and in that of Mariano de Salas, dated 
the &lb of November, 1846, The former decree contained eleven articlea, 
tod Ihe third of the series declared that the passage across the Istbmut 
should be neutral and common to all nations at peace with Meiico. The 
government § enertlly made thii whole decree, upon certain terms, with Don 
loae de Garay, who it appean^ hai surrendered io totae way all the conces- 
sions orginaUy made to hioi to certain citizens of the United Stales residing 
at New Orleans. By way of distinction, there forcp this may be termed a 
New Orleans enterprise, though the resulta may be of national importance. 
Tb« treaty was made on the 24th of last month, and it ii calculated to call 
fonb much discussion, as well as to excite great inlereal in every part of the 
country. 

For many years the idea of malting an easy rente; either by railroad or canal 
between the Pacific and Atlantic Oceans, has not only arrested the ittention 
of our coontrymen, but theaerioys inquiry of teveral European gofernmenU* 
A ship railroad, with a capital of lO,000,00{rL sterling, waa propoaed at one 
time in London, with ■ riew of levying toNs upon all the nations of (he earth. 
This was a gigantic scheme. When the mind contemplates the poisibilttj of 
tiding a ship into a dry dock on the Atlantic shore, of cradling it upon a car 
with 48 wheels, running upon eight raila, of seeing it transported across the 
eonntry, and deposited in a dock upon the Pacific, the ingenuity of man 
becomes an object of admiration. We are startled with lis boldness, Ihougb 
we can icarcely doubt the rationality of its recourcei. Vast capital can 
accomplish vast resnltt. However, the English plan will not be carried into 
effect in the present century. The French and the Germana have made 
several surveys oF difTisreot routes, as well aa the English and Americana. That 
by Tehuantepec may or may not be practicable. Senor Gaetano Moroni survey 
gives a higbly favourable picture of the country for the propoaed road. From 
bis surveys, it aeems that the entire distance from sea to sea it 135 milea in 
a right line. It presents a wide plain from the mouth of the Coattacoaleoa 
to the foot of Ihe Mesa de Tarifa, which h a table* land rising to 650 feet 
above the level of the aea, and at 6vfl miles dtfitance decendi again to the 
plain which rcachci the Faciftc. NearTehuantepec, Moro found two eitenaive 
lakes, the outer separated by a narrow sandbank from the ocean, and the 
inner and larger GoiDmumcating with it by a channel between high banks. 
Eight riven flow into them, and, with some improving, ships may find har- 
bours in theae waters. From the inner lake the land rises very gradually to 
the Yenta de Cbicapa, Ihence with a steeper acclivity upon Tarifa, — and 
there is a slight declivity to a river, which ia navigable for ships for the dis- 
tance of 34 miles from iu mootb oa the Qulf ui Mexico. Such are ihe rode 
outlines of Moro'i survey. 

The resoorcei of the country are immense for timber of the best qualtty 
for building a road. The facilities for cattle-feeding are complete. The 
soil is prolific, and salt mines are abundant. The climate is agieeable and 
mild, and usually salubrious. The advantages, therefore, for constructing a 
road cannot be overlooked, tu a commercial and political point of view, 
however, such a road would be very desirable ; and, could it be made, would 
add largely to the prosperity of our country. From the mouth of the Miaais* 
sippi to San Francisco, liy Tehaantepec, is 1825 miles nearer than by Panama. 
From New York 14U0 milea of sea navigatioa would be saved, were tbia 
route opened. 




Fig. I rf proienti tbe ground pltn, which ti 61 ft. 
Gin. long, and 45 Tt, 9 in. wid« ottr walla, Tba 
circular tanlt ia 33 feet dtameteri and the centra 
pan, which containi the aoil for the plant, i« 1$ 
feet ftiameter. The eight tankt in the four aoi^lei 
are filled with aquatic plants of varioui kind a. The 
bouse IK heated by a seriea of 44nGb caat^iron pipei 
all round the maitje of the external walla, proceed- 
iug from a Burhage and Healey*i boiler, and SyU 
Tester furnare. The taaka are heated by 44ndi 
pipes underneath each, aa shown in the aection ; 
and hj smaller aized lead pipes resting on tbe 
paved Ivdge of circular twiik, also shown in the tec- 
tion. There are 30 openings between the pterin all 
round the bouse, for ventilators. Different oom- 
partments of tie roof are also made to open by 
aim pie machinery, for the purpose of Tentitalion, 
Thf* path way a are raised 3 ft. 6 in, above the geo«< 
ral level ou tilde, and the roof ia supported by light 
wrougbt-iron beams, resting on the eight internal 
coluniRi, as shown on tbe ground plan. 

Fig. 2 is a traniverie section of the building, 
which ahowi a section of the circular tank, wiih 
the pipea under the centre part^ and the small pipes 
on the paved ledge, fornaing the ihallow part of tbe 
tank. Also the aide pipes, and the manner of fix. 
ing the cait-iron columns; together with the coo- 
atiuction of the roof and iti gutters, facia board. 
&c. The wrought4ron beam shown in this section 
has a bearing in the middle, over the great tank, of 
31 ft. 3 in. The height of the maaonry, from Iba 
ground to the top of the coping, is 4 ft, 9 in. ; the 
coltimn and arch 10 ft. 6 in. ; the plating and facii 
board 2 fc. 1 in., making tbe whole height from tbe 
grutind line 27 ft. 4 in. By tbia section it will be 
seen that the upright aashei are placed behind the 
cast iron columns. 




Fig. &.— latedor Vitw* 



Pig* 3 repreienti the end elcfttion, tnci ihowt the itept aBC€n(ling lo the 
«iitriiic«, the TentilntorB, cMt-iroti arche»p and Facia board over the plnting. 
The upright glaaa it 10 inchet wide between the ban, and each apandril 
between the arehea ii filled in with one piece of plite glaai. The columni 
ftre 6 ft, G in. frona centre to centre, and the tide ehivation of the building 
preienta a aeries of nine itrcheai aa »hown in the exteriur view. 

Fig. 4 i» an angular view of the buUiling ; both etida are ahke, and batb 
tidea are of the lame form. On the eait lide. whicii fronts tlie pArk» the 
maaonry is partk hid hy artiJieial rock work, and the nadA and attpi lo the 
entrineea are adtirned withoniameDta^l planta. 

Fig. 5 ia a parallel perspective representulion of the iiiterior, ihowing the 
Internal cnnatruciiont the mode of aupporting the loi g itudinal ridge and 
valley, wooden rafter* of the roof* Ac. 

CoNHTRl;cTIo^' ; Mason, and Cuitin^tt, — The foiindationa of esterni! 
walla and tank walla are built of aolid rubble work, well bedded in mortar* 
The curb of circular tank above the pathw?iyi, and rurhg of the angular 
tank*, are of brick, cemented. The tanks are laid wiib pavement and 
covered with lead. The external walla are btiilt of picked a cap pled courted 
wall atone, with piers battering 9 inchea. and a plinth formed of two couraea 
of waltitone projecting two inches. The steps t a entrancea and curb walls 
bounding them are of rubbed grit atone, and the W4II1 are covered with 
neatly boaated and weathered coping. The cavt irun columns are 4 inches 
it the lower diameter of the shaft, and 3} inchea in the upper diumcter. 
The cait iron of the arches ia 3jr inches wide, by 2| inchea thick, chamfered. 
Tbe wrougbt.iron beams are 5 incbet by 1 inch, with tension roda 1 inch iu 
diameter. 

Carpenter, S(c. — The platings ire 6 inches by 12 inches, the vail eT rafteri 
of roof, 6 inches by 4 inchea ; and the ridge rafters, b inchea by S| incbea ; 
irith strengthening pieces over each Iron beam, aud sash b&ra I| inchea deep« 




The Tentilators are bead and fluib, hitng on the ptvot and socket principte, 
in rebated wooden frames. The stilea and arches of upright sashes are 
2 inchei thi^^k, tn get her with the doors, which are framed and panelled, and 
furnished witli hra»s locks and brajs butts. Tbe paibwDys are laid with l^ 
inch larch boards, ^ of an inch apart, radiating round the centre tank, and 
retting upon oak sleepers 4 inchea hy 3 inches. Tbe rftof ventilators are 
framed jii>d gtazi^d, and hinged to (he rafters. The facia boards are wrought 
and cutout, as fthown on tbe upper part, with mouldings planted ou the plating, 
to form a cornice. Tbe scroll ii completed by painting in different shades. 
The curbs of all the tanka are finished with a neat rounded edge wooden 
capping, and the circular tank is provided with a neat railing and band roil 
all round. The whole of the bouse is glazed with sheet glass 4 feet long by 
10 inches wide, without overlaps in upright sashes, all being close jointed. 
Every part of the maannry or brick work seen from the inside, is covered 
tilth cement, and the whole of tbe structure, both externally and internally, 
is thoroughly painted in suitable and ornamental colours. The accompany- 
ing design^ dtfBcribed in the foregoing paragraphs, is the type of my design 
for the building for the Great Industiial Eibihition of 1851. When the 
large conservBt'.ry at Cbnta worth waa built, a great point was gained by 
being able to have the glass manufactured in fibeets of 4 feet in length ; 
but since that period tbe improvemetjts iu diflferfnt branches of manufac- 
tures have enabled me to make the present Lily-house {though compara- 
tively soiall) of a much more light and elegant appearance. 

ft occurred to me that it only required a number of tuch atrnetures is 
the Lily-hotisc repeated in lengib, width, and height, to form, with «ome 
mod ill cations, a auitahle building for the exhibition of 1B51. Hence sro^e 
the design for that structure, and the subai'quent honour conferred upon 
me hy its ut qualified adoption by htr Majesty's comotis^ioiiers. J^ Puxttm. 
Vhattworthf Ju^umI 13, 
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BRITANNIA AND CONWAY TUBULAR BRIDGES. 

The Britannia and Conway Tuhular Bridget; with GtnertU In- 
quiries on Bmm9^ and on the Properties of Materials used in Con- 
tiruction. By Edwin C^abk, Resident Enifineer. Published 
with the sanction and under the supervision of Robbbt Stei'HEN- 
90N. London: Day and Son. 1B50. 

In the notice we first piive of this excellent work, we confined 
ourselves to renmrks on the bouk itself, and the influence which 
tubular bridges will exercise on engineering, and from the len^h 
to which those remarks extended, we were precluded from giving 
any ejctract from the book, and which we promtBed to do, knowing 
the interest our readers feel in this one of the mo«t important 
workgof the a|^e, and one which wili not be least sought after by 
visitors to this island in the coming year* 

In consequence of the rer|uireraen'ts of the Admiralty, it became 
necesiiarv to design a new bridge *)ver the Menai. The first plan 
for this IS thus described by Mr. Robert Stephenson himself :^ — 

"Previous to the erection of the suspenHion-bridge by Telford, 
in 19^6, various modes and points of crossing had been proposed 
by Rennie and Telford. Their reports, plana, and opinions, were 
carefully studied, which led to the adoption of the site known by 
the name of the Britannia Rock, about a mile to the south of 
Telford*s suit^pension -bridge. This spot is peculiarly eligible fur 
the purpose, the rock being nearly in the centre of the channel, 
risliigjustto high-water mark, and of sufficient area to admit of 
the easy erection of a pier njKin it. The channel is here al^it 
entirely free from sunken rocks, and the current unbroken during 
the ebb and flow of the tide. These peculiarly favourable circum- 
stances were c^jui^idered highly advantageous, not only for 
facilitating the erection of a bridge, but for rendering such a 
structure unobjectionable to the navigation of the Straits. It was 



proposed to construct the bridge of two cast-irun arches, each 350 
feet span, with a versed sine of 50 feet, the roadway being 105 
feet above the le\^el of high- water at spring- tides. 



^'^The span here proposed was the same as that which had from 
the first been designed for crossing the Conway River. 

^^Such was the state of the engineering problem in reference to 
the Conway and Britannia Bridges when the company obtained 
the first Act of Parliament in July, 184+. U was prtHiosed to 
construct a bridge consisting of one arch of the unui^uRl »;pan of 
350 feet over the Conway River, at 80 feet above high- water mark, 
and another over the Menai Straits at the Britannia Rock^ con- 
sisting of two arches, each of similar span, but at the elevation 
of 105 feet above high-water spring-tides, 

^*The rise of tide in both cases is nearly the ^me, the channels 
are also very similar, being from 50 to 60 feet deep, with a rocky 
bottom, and a rush of tide reaching five miles an hour at Conway, 
and seven miles au hour in the Straits. 

"These conditions, together with the necessity of keeping the 
channels open at all times for the purposes of navigation, rendered 
it perfectly clear that none of the methods heretofore adopted in 
the erection of cast- iron arches could be brought to bear in either 
of these localities. The inordinate cost oi centering, even if 
other arrangements had admitted of its application, was at once 
fatal to its adoption; and it soon became evident that some means 
external to the arch should be employed to suspend the voussoirs, 
or ribs^ until the arch was keyed in^ 

"A contrivance of this kind bad at one time been considered 
by Telford for the suspension of centering, upon which he proposed 
to frame and connect the voussoirs, or ribs, of a cast-iron arch; 
and a slight drawing of such a project is given in thi account of 
the Menai Bridge. Without going into the merits of this proposal 
in the form suggested, or into its applicubility to the present case« 
it is suHcient to Kay that it was discarded, and a modiiicution, as 
brought forward some years ago by Sir Isambard Brunei, for con- 
**tructing brick arches without centering, taken up iismore suitable, 
Sir Isambard's idea, which was experimentally carried out to a great 
I'Xtent, appeared unexceptionable, and led to the following design 
for the erection of the cast-iron arches at the Britannia Hock. 
Inateifd of the two arches being erected opon two abutments and 
one pier, it was proposed t(» treat the abutments as piers alao. 

**Tbe erection ot the arch was to be proceeded with by placing 
ifijual and cx>rre??ponding vou^^oirs on opposite sides of the pier at 
the same time, tying them together by horizontal tie-bolts. 

**This system, it is confidently believed, may be successfully 
carried out to a far greater extent than wauld have been re(|uire4l 
iu the ca*se of the Britarmia Bridge. 

**It will appear evidentj on a little reflection, that as every suc- 




ceeding step of voussotra is secured by the tie^bolta, the tension of 
the last bolt, as well as all the previous ones, will be relieved by an 
amount eaual to the whole of the horixontal tbnut due from tlie 
vouBsoiii last placed. 

" If the voussoirs could be constructed or weighted^ so that ui 
arch of equilibrium could be formed, all the horizontal tie-boUi 
might bo removed, except the last one, for in such an arch the ' 
Kontal thrust is every where equal. It is not meant that si 
method of prtx^eedlng as thiit of removing all the bolts could 
carried out practically — it is merely alluded to here to show how 
largely the bolts would have been relieved from strain as the arch 
progressed into a form which might appear to endanger the 
stabilitv of the structure. 

*^Had this plan been carried out, it was not intended to ha?! 
keyed the arches at the crown, but to have left ample apace 
between the culminating voussoirs to admit of expansion and 
contraction taking place freely. The bridge would, ther* 
have been simply a double-jibbed crane, perfectly balanced 

each pier. A connection at the apex of each arch would be n0i 

sary, but so contrived as not to interfere in the least with the 
expansion and contraction, and yet to counteract any tendency to 
tilt, consequent upon the variable pressure of the passing loadis. 

"This mode ot construction, although decided upon for the 
Britannia Bridge, was found unsuited for that of Conway. There 
only one span was required, and the springing of the arch would 
have been below the high -water line, and from a natural mass of 
rock on both sides, which, at the east extremity, rose nearly to the 
permanent le%'el of the railway. 

^*It was, consequently, impossible conveniently to treat the 
abutments in the light of piers, as has been just described. Mqt^ 
over, the great additional expense of this method, where one arch 
only is required, formed a serious objection to it, as it necessarily 
involved the use of double the weight of material requisite for one 
simple arch, the weight of each overhanging wing being equal te 
hair the weight of the arch itself. 

'*The objection on the score of expense did not apply to tbt 
Britannia, for there the overhanging wings were a useful portion 
of the bridge, and formed a substitute for the extenstun of masonrr, 
which would have been nearly as costly. Both the expense, 
therefore, and the peculiarity of the site of the Conway Brid 
pointed out the necessity of some other method being devised 
the erection of the arcft. Various modes for erecting and 
porting a fixed centering were considered, but none app 
satisfactory or safe; whilst the formidable difficulty of stopping 
t!rt3 navigation, and seriously interfering with many vested liiti»retta 
for probably two years, remained in all its force. 

" This state of things led to the idea of building the arch com- 
plete on centering supported entirely upon, and framed into, a 
series of pontoons kept afloat during the whole time of coa- 
struction, 

'' The rise and fall of the tide was such as to admit of its being 
brought immediately above the springings and lowered into its 
place by the falling tide, or by admitting water into the pontoons 
at the top of the tide, before the velocity of the ebb stream had 
increasea bo as to interfere with the accurate adjustment of the 
descending mass* This method of fixing arches I have since learned 
was proposed many years ago by Mr. Dixon, of Darlington. He 
made designs for a cast-iron bridge across the River Teess at Stock* 
ton, and, instead of erecting centres on the permanent site of the 
arch, he pnqjosed to use pontoons, precisely in the manner which 
has been described. These plans were not carried out, iu conse- 
quence of the St4»ckton and Darlington Railway Company having 
determined t« try a suspension bridge for railway purposes instead 
of the cas^t-iron arch. For a brief description of tbe particulars of 
the novel proposal of Mr. Dixon 1 have been favoured with a com- 
munication from Mr. R. B. Dockray, whf>* resided at Darlington 
at the time when M r. Dixon made the design. I have also learned 
fiom Sir John Rennie that this wan the method adopted for |j lacing 
the centering of the VV^aterloo and Loudon Bridges; the centrd 
being coDstructed on pontoons and floated and lowered into tbeir 
proper position.** 

We very much rci^ret that this ingenious plan of Mr. Stephen- 
son was not adopted, in consequence of the hostility he had to 
encounter on the part n? the government ; but we hope the oppor- 
tunity will present itself for its realisation under his direction. 

In reference to one of the original forms of the tube, the circular, 
Mr. Edwin Clark makes some interesting remaiks* 

^* It is to be regretted that circular tubes, with thicker plates, 
were not experimented upon; as subsequent experience has shown 
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that no distortion would then have occurred, and v.ijuable results 
would prohftbly have been obtained. Permanence of form might, 
moreover, he entirely ensured hy diophragms* or stops, at iutervaJs, 
throug;hout the tube, or by stlffening-ulates united by iingle-lron, 
Sk» in the bridg:es. Such diaphragms nave, indeed, been snccesa- 
fuHy udupted by Professor Airy in using wrought-iron tubes for 
the support of astronomical instruments, to which purpo6<e they 
tire peculiarly applicable^ on account not only of tbeir ^tifFnesa, 
but of their greiiter freedom from vi brut ion or tremor than cast- 
ir<m Bupports. Diaphragms are used m the construction of the 
wTOught-iron polar aiea of the large equatorial telescope in the 
Observatory of Liverpool, which are formed of two semi -elliptical 
boiler-plate tubefl, of eactpiisite workmantihip, 

** Circular wrought-iron tubes, of considerable thickness, and of 
magnificenl dimensions, retained in shape by utops, are alsto being 
usied by Mr, Brunei in the construction of a bridge over the Wye, 
at Chepstow in South Walet. The«e tubes are, however, not 
strained transversely, except in supporting their own weight during 
the process of erection, and for this purpose it is intended to render 
them temporarily more rigid by cambering them to a slight extent 
hy tie-rods along the bottom. They are :i05 feet long, 9 feet dia- 
meter, and I inch thick ; and are employed as struts, or pillars, to 
r^fdst the horizontal strain of the suspension links wbicn support 
the wroughl-iron girdem of which tlie bridge is composed. By 
these means, without the usual tie-chains of a suspenfiion-bridge, 
the lofty towers are relieved from all lateral strain. 

*'*'The total span of this bridge is 3i>0 feet, which is the length of 
the circular tube employed as a strut; a chain, consisting of three 
straight links^ suspended from this strut, divides the span into 
three equal portions of ItW feet each. The beam carrying the 
rcmdway is thus a continuous beam, 300 feet long, supported at each 
end and at two points in its length. The circular tubes are 
sttpported on cast-iron standards. 

"Circular tubes, loo feet high, were also at one time proposed as 
supports for ihe platforms in constructing the abutment-iubes of 
the Britannia Bridge. 

''•'The round tube, as proposed fur the bridge itself, if suspended 
in diains, and merely applied as a means of ensuring a rigid plat- 
form, would, if constructed witb tliick plates, properly united^ 
have formed a must efficient structure, offering but little resistance 
to the wind, and having equal rigidity in every direction; while 
an elliptical tube of the depth necessary for the Britannia Bridge, 
and well retained tnshape^ possesses several important advantages 
Afl an independent beam. The curved plates of the top are well 
adapted for resisting compression, and for throwing off the wet, 
wliile tlie heavy riveting necessary for uniting the sides with the 
top and bottom in a recta ng til ar tube is entirely obviated; although 
there are other more important practical advantages in favour of 
the rectangular form. 

•■' We have many instances, in the vegetable kingdom, of the ex- 
treme rigidity and strength of circular tubes: the stems of the 
grass tribe generally are remarkable for their lightness and 
strength; the c^immon wheat-straw and the river reed are familiar 
examples in our own climate; but in the tropics the gigantic stems 
of the bamboo and other grasses tower sixty feet above the jungle, 
and are ejstensively employed as beams for covering buildings, and 
even, in some cases, as the transverse bearers of light susjiension 
bridges* The angler's bamboo rod is the must perfect of tubular 
beams. Tapered otf in proportion to the strain, its saMcious coat 
(as in all the grasses) dehes compression, while it isinternully lined 
with woody fibre to resist extension in every direction ; its strength, 
lightness, and stiffness, are thus equally marvellous; and we cannot 
fail to be struck with the provision ot diaphragms tbroughuut the 
whole tribe, to preserve the circular form, which addition would 
certainty have much moditied the results obtained from thiu circular 
and eBiptical tubes of wrought-iron. 

This illustration from the vegetable kingdom, is only one among 
many examples of the writers happy p^ower of treatment, and w ill 
enforce upon our re^iders the importance of the study of animal 
mechanics, which so far as we are aware is not tauglit in any en- 
gineering college. 

In reference to the ultimate length to which it is possible to 
carry the tubular bridge, Mr, Edwin Clark has several remarks, 
which we think will prove of interest to our readers, and in the 
discussion of which Mr» Clark again alludes to the works of nature. 

** Again, if we make a tube similar to another, increasing every 
dimension except thickness, the absolute strength will be directly 
tL* the increase, that is to say, another tube twice the length, depth, 
and breadth of the Conway Bridge, but of the same thickness, would 




be juat twice as strong; it would, however, be four timet as heavy, 
and hence have four times the strain from its own weight, and 
would, therefore, soon come to a limit at which it would break 
itself. 

**This is evident by considering that with tubes of similar section, 
in which the thickness is not altered, the sectional area will be 
simply as the increase, and not as the square of the increase; the 
strength will therefore be simply as the linefd dimensions, instead 
of as their square. 

**But if we increase a tube in depth, and length, and width, and 
preserve its flectional area constant, that is, if the plates are 
thinner in the same proportion as the tube is enlarged, then the 
absolute strength of the enlarged tube ad infinitum will be the 
same as that of the first. So that by keeping the same sectional 
area as at Conway, and enlarging in the same proportions the 
length, breadth, and depth, we may make a tube of any length, 
equally strong, theoretically, with the ('onway Tube» For the 
strength is directly as the sectional area into the depth, and in- 
versely as the length, and the sectional area being constant, as 

well as the ratio ll^^ the strength wiB also be constant; but 

the weigljt of the tube, and hence the strain from its own weight, 
would increase as the length; and, consequently, if we suppotse 
the strain to be five tons per square inch at present in the Conway 
Tube, another tube of the same sectional area, and of three-and-4i- 
half times the same length, breadth, and depth, would fail by its 
own weight. Such a tube would be 1400 feet lung, and no increase 
of thickness would make such a tube bear more than its weight. 

''We have already alluded to the strength of the bamboo as au 
instructive natural example of the strength of a circular tube. The 
bones of animals are oval, the deuth being always in the direction 
of the transverse strain. But the more special province of the 
bones appears to be their action as pillars, or struts, in forming im- 
moveable fulcra for the reaction of the muscles; and since any 
yiehling would involve a great increase of motion in the muscle 
Itself, we find bone among the most imcompressible of known 
substances* 

**The square form of stem characterises a very extensive natural 
family of plants — the labiate tribe, of which the beautiful dead 
nettle of the hedgerows is an example; though it is difficult to 
assign any mechanical reason for this peculiarity, which appears 
rather to be typical of the general developement of these plants. 
But in the feather-bearing part of the ordinary quill we have a 
most remarkable example of the strength of the rectangular form. 
Here, again, every dimension is tapered down in pro|>ortion to the 
strain, with an accuracy defying all analysis; the extended and 
compressed portions are composed of a horny substance of prodi* 
gious strength, though extremely light and elastic. The beam is 
not hollow, but to itreserve its form it is filled with a pithy sub^i^ 
stance which replaces the clumsy pisset pieces and angle-irons of 
the tube without interfering with its pliability; the s<iuare shaft is 
peculiarly available for the attachment of the deep vanes which 
form the feather; and as the angular form would lacerate its active 
bearer, an exquisite transition to the circular quill at the base is 
another striking emblem of perfection. The imitation of such 
mechanics, so wonderfully adapted to such a medium, appears hope- 
less; but we are indebted to the flying philosopher, if his attempt 
only calls nitenlion to such design, and induces us instructively to 
contemplate the beauty of a feather." 



REMARKS ON SPIRIT-LEVEL ADJUSTMENTS. 

There are some misapprehensions prevalent affecting the man ipu- 
lation required for properly adjusting the spirit* level, and the 
reasons which occasion it. Such errors, if copied from one text 
hook into another, are likely to mislead some of the profession, 
who may not have leisure to examine for themselves. 

The object of the adjustments should be to enable ms to obtain 
at any place a straight line of sight, revolving in a plane; this 
plane to be a tangent to tlie earth s surface at that place. 

The term opticai oxw is sufficiently explanatory; the term fine of 
coUimation is not so. Mr. Simms, in his 'Treatise on Levelling/ 
writes, oittiaii ajriti^ or line of coUimation, This description, if in- 
tended for the old-fashioned V-level, in which both should coin- 
cide, would be correct; hut is inapplicable to that with fixed teles- 
cope at present in general use. In the latter the adjusted line of 
sight mav or may not form an angle with the optical axis of the 
lenses. Provided the Brie of sight be parallel to the bubble, and 
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at riffht angles to the vertical axis on if hich the telescope turns, it 
is of little consequence whether or not the line of m^ht be pre- 
cisely iji directum with tlie centre line of the leoses. The amount 
of distinctness occa'sioiiiiUy lost by the want of this coincideace 
is altogether inapprecittble. 

If thiijthen were the only difficulty attendinff the adjustment of 
the dtaphrai^m, we could not do better than, puintin;!^ the instrument 
at a placard lettered with various type at some distance, move the 
diaphra^rm up or down, until the horizontal wire appearing in 
centre of the field nii^ht he seen to interc^ect thoste letterii most 
distinctly defined. The adjustment required is, however, of a 
diiferent nature. Mechanical errur would almost unavoidably, 
during focal adjustment, caugethe fucu:* of the eye-piece to deviate 
from the path of a line of siifht so determined upofi, since it i« 
very doubtful whether it would be possible to construct tubes to 
slide one within the other with the nicety which this wo jld require. 
This source of error, with a remedy, was first pointed out by 
Mr. Gravatt ; hut his method seema (as I shall show) to be at 
lea!»t liable to mie^interpretation^ if not capable of improvement, 
and perhaps correction. The object of his adjustment he df fines 
to be, ^Uo examine and correct the line of collimation/' Had he, 
instead of this, described it as a process to correct error arising 
from focal adjustment, mistake on this head would not have been 
so likely to occur. Having described the process, to which 1 shall 
have occasion again to reveit^ he adds: ^'The instrument will now 
be in complete practical adjustment for level, curvature, and hori- 
zontal refraction, fur any distance not exceeding 10 chains, the 
maximum error not being more than tbW^** P^^ **^ * foot/* This 
might perhaps have been with advantage omitted^ as the three 
Bources of error alluded to in this paragraph, remain unaltered by 
the adjustment described — the same eitactly whether the adjust- 
ment had taken place or not* 

V\ The steps of this adjustment involve the following principle: 
three stakes^ A B C, are driven in to the ground, equidistant, and 
tops in a curve of true level. Set the instrument up at A, using 
the bubble merely to see that yuu do not disturb the instrument; 
take the readings of the staff held on each stake consecutively, 
and if the difference of the readings at A and C be four times the 
difference of the readings at A and B^ the line of sight is unal- 
tered by focal adjustment, on the princijjle that the radiating 
differences between true and apparent level vary as the squares of 
their respective distances from the point of contact cjf the tan- 
gent and curve; if not, alter the diaphragm till this proportion 
take place. 

S°. Next, lower or elevate the telescope by means of the parallel 
plate-screws until the line of sight so adjusted and apparent level 
coincide, and set the bubble parallel to it. 

3^, Get the line of sight and bubble at right angles to the ver- 
tical ajtis of the telescope in the usual manner. 

With reiffard to No. I, which from its importance deserves 
most consideration, since the bubble is used merely to see that 
you do not disturb the instrument, the line of signt may he a 
^ecatit to the curve marked on the ground, and not a tangent, 
which circumstance might negative this adjustment without due 
precauticm; hut if the bubble and optical axis are nearly parallel 
when the instrument is obtained from the optician, and the bubble 
be brought to the centre of its run previous to taking the readings, 
I do not believe sensible error likely to accrue from this source. 

The manner in which focal error is got rid of may be ex- 
plained as follows J Suppose the instrument placed, the set m 
apparent level, and a staff held vertically at a considerable dis- 
tance, appearing in the centre of the field of the telescope. Sup- 
pose, further, this staff to advance or recede, without altering its 
relative position to the optical axis; a single point of the image of 
the staff will travel backwards or forwards horizontally within 
the tube; the paths of the remaining points will all be less or more 
inclined to the opticul axis, forming every variety of angle with it, 
according as they are tie trer to or further from this normal point. 
Suppose, further (which is more than probable), the tube carrying 
the eye- piece not to slide in direct um with the optical axis, hut in 
another line, we must then raise or depress the diaphragm out of 
the optical axis, till the cross hair meet a ray from the staff whose 
path shall coincide with that of the focus of the eye-piece during 
fucal adjustment. This is evideniiy pmifibie^ and no method better 
to effect this than Mr, Gravatt's^ with tne precaution already 
mentioned. 

This adjustment, once made, need never be repeated. The 
remaining two udjuatments may then be performed in the usual 
easy manner. 



There U, however, considerable grounds for supposing misap- 
prehension to exist on this head among many who practise and 
some who write. I shall conclude these remarks with a specimen 
of the latter kind, taken at random from a text-book lately pub- 
lished, where, speaking of Mr. Gravatt'a method, the writer says: 
^^We ai-e indebted to Mr. Gravatt, of whose level we shall here- 
after s)»eak, for a method of collimating which satisfies the above 
requirements, and removes any error arising from imperfection ia 
the slide of the telescope, while at the same the line of coUima- 
tion is set with the «nd at the object glass slightly depressed, 
instead of exactly horizontal, so as to remove, or nearly 90, the 
errors aridng from the curvature of the earth, and the horizoQtal 
refiraetion." 



BRITISH ASSOCIATION, 
Sdcctions Jhitn Papers reofi at it^e Meelitig held at EdinburgK 

fCmtinued from page 304.) 

BtscnpiUm of a New Arrangemeni qf Reftecting Teieicope^ by whkh 
mucA camjbrl and eonvenierwe U secured to the Observer, By 
Jajiisb Nasmyth. 

In introduoing this subject to the attention of the members of 
the Mochaalcal Section, Mr* Nasmyth, with a view to render the 

description of his improved arrangement of telescope more de&r 
to such members aa might not he practically conversant with the 
subject in question, premised his description by a sketch of the 
various forms of reflecting telescope which had hitherto inoit 
generally been in use. These are seen in fig* 1* ^^ 3; fig. 1 being 
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Fig. 4.— Kaamttb. 

the Kewtoniao, which ia the arrangement mo»t generaUjf in nee for 
the larger and most powerful instruments. It will be seen, that in 
the case of fig. 1, the object is viewed by the observer placing his eye 
at the side of the tube, and at the end most distant from the spe- 
culum S,the image of the object being seen in that direction by means 
of the employment of the small diagonal plane mirror at *D, lu 
telescopes of this construction, the eye of the observer is placed 
near the upper end of the telescope; thus, fig. 6. It is therefore 
requisite that he must change his situation almost constantly* io 
aa to follow with the telescope the movement of the star, or 
other astronomical object he is desirous to look at. In teleaooptt 
of a moderate size, this may not he found to he a very serious 
source of inconvenience; but when we come to employ instrumentf 
of this class, of a larger and more powerful description, the diffi- 
culty of following the eye-piece of the instrument, when its posi- 
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t tioQ lias to be changed, ao as either to fntlow the otiject or pa99 

to another, if felt ta be very greiit ; 
and even althoug^i many excellent 
aTT&n^emeots of motiiiting have 
been proposed to overcome this 
difficulty, yet bo mnch personal in- 
convenience, discomfort, and trou- 
ble yet exiatfl in all of them that 
the attention of tlie uh^erver ia in 
no small degree occupied and di^ 
vided between regard to his onn 
rcomibrt and safely, and the actual object in view. Although such 
[discomforts nitght in eome resfspect be reduced in the caae of the 
I employment of the arrangement, fig* ^, namely, that of the Gre- 
I gorian; or fig. S^ that of the Cassegrain construction, in both of 
I which it will be seen that the observer views the object from 
^ the lower end of the tube, thus, fig, 7 ; yet although the observer 
may not in this case have so qfteji to 
mount up to the top of high ladders, 
and be so far in bodilv fear as is but too 
much the eaae, as in fig. &^ yet the con- 
tinual change in hia position and the 
awkwardnesfl of having frei|uently to 
crouch down in uncomfortable postures, 
detracts so much from that ea^e o/ per- 
EQU which is so requisite in the conduct- 
ing refined observatjona, or for enjoying 
with due tranquility views of the glo* 
vit ?. rious objects scattered throughout space, 

that after considerable experience with telescopes of a large clajs, 
"Nir^ Nai»myth betltought himself of such an arrangement aa would 
remove most of these objections. The optical department of this 
^flirraiigemeiit is aeen in section in fig. 4, where it will be observed 
hat, by the union of the Newtonian iind Cassegrain construction^ 
in 30 far as respects the turning back of the cone iif rays by the 
aniall convex mirror, C, and receiving them at D, by a small 
diagonal plane mirror, D, the rays whioh ultimately form the image 
^uf the object are sent out sideways through the ^rfmnt0K,O, in which 
^ the eye-piece is placed, and through which, in fact, the obt<erver 
views the object, 

By having a ciJrresponding trunnion at the ojiposite side, T, and 

I employing these trunnions as the supports of the telescope, and 
uaing them as the axis on which it is moved in altitude, it will be 
evident that, as the eye-piece, G, is thus in the ventre of nmtion^ 
whatever be the sweep of elevation in moving the telescppe verti- 
cally from object to object, no change in the position of the 
eye of the observer will be required; his eye, while opposite to the 
trunnion, w mmnwn to all positions of the instrument in altitude; 
liifl eye is virtually in the centre of motion. 

But as the telescope has to be moved round so as to follow the 
motion of an object in azimuth, it is de&irable that the observer 
should ni>t have to change hia position even in this respect. There- 
lore, in order that be may sit at his ease opposite to the eye-piece 
while the telescope is moved either in altitude or in aximutb, all 

I that has to be done to attain this object is to pLice ths etUirt in^trumeni 
0n a tum^talUe^ and have a comfortable seat for the ob*?erver also 
^n the turn-table, and then, whatever be the elevation or direc- 
tion in which the telescope is pointed, the observer need never 
etir ft-om his comfortable seat; and as we all now know with what 
^^aae ponderous machines^ such as railway wagons or locomotive 
engines^, can be swung round on properly constructed turn-tables, 
And also the ease with which a well-balanced mass can be swung 
when it centres, some idea may be Ibrnied of the perfect ease and 
facility with which such an instrument as this of Mr. Nasmyth*8 
can be governed and directed by the observer, who has, by means 
of suitable handles brought close to his cbair, the most perfect 
command of every requisite movement. The iustrument in ques- 
tion, which is represented in fig. 5, weighs upwards of two tons, 
can be moved in every direction by the point of the finger, swung 
round in an instant, or elevated to any ubje«»t on a sluw motion 
given to it so as to enable the observer to keep the object in the 
centre of the field for hours. Such is the perfect steadiness of the 
motion, that not the slightest tremur m perceptible, even when 
[^libserviug with a magnifying power of 430 times. Some objec- 
lion may be urged against the optical arrangement by which Mr. 
Vasmyth has brought bis telescope to yield this central vision, in 
far that it is requisite to employ a third redecting surface, 
Ifiamety, the small plane diagonal mirror (D, fig. ^A by means of 
rhlch we are enabled to view the object through the hollow 
ritaaion C^, fig. 4^ or B^ fig. S; no doubt some portion of light is 




sftcrifteed by the employment of this third reflector ; btit when w© 
obtain in eschang^ so vast an amoant of convenience and conifort 
as rej^ult from the adoption of this arrangement of Mr. Nasmyth, 
most observers will be nappj to accept the exchange, and with the 
advantage of the ease, comfort, and tranquiiity resulting from the 
absence of all personal sources of interruption, Mr. Nasmyth pre- 
sumes that by thus inducing more frequent and c-areful observa* 
tion'^j acicrce will be advanced. 

Mr. Nasmyth stated, that the main object he had in view in 
constructing this large telescope was doI so much to pursue observa- 
tions of objects of the fainter ciasa, as nebula, &c., but rather for 
following up a series of observations in reference to the structure 
of the lunar surface, on which subject he has been occupied for 
several years; and such has been the increased comfort and facility 
which this truly manageable and powerful instrument has given 
him, that, judging from the specimens of the ''*drawings from 
nature,'* of the remarkable features of the lunar surface, which 
he exhibited to the section, the optical powers of kii invtrtnnent are 
eifual to its convenience and comfort to the obsevfcr* 
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PIf. 5. 

Flgf! 5 is ft perspective view of Mr, Nasmj^h's "Comfortal le 
Telescope/' C is a east-iron turn-table, which, <fh being moved 
round, carries with it the entire instrument, and the observer, 
who, seated in a comfortable chair, has complete control of the 
elevation and round-about motion; the former by means of a Um- 
gent screw and wheel, F, the latter by tangent screw and pin inn- 
shaft, E, which commands the roundallout or aximuth motion. An 
eye-piece is placed convenient to the eye of tlie observer at 1 1* 
Some idea may be formed of the facility with which the movementM 
can be c^^ntroJled, when it is slated that within two niinutt*n 
Mr. Nasniyth has frequently directed this large Instrument u* 
nine different objects situated in various parts of the heavens. 

Mr. Nasmyth, at the request of the president of the Section, 
gave some description of hia mode of securing perfectly suuiid 
cTiPdtings of specula for such large instruments, of which we hope lo 
furnish our readers some account in our next number* 



On a Patent Steam Pkngh, By Shum Ushba* 

Mb, IIbhbb described his Patent Steam Plnugh, and state<i that 
many fruitletss attempts had been made to cultivate the land by 
steam-power, the reason of which had been that the parlies bad 
proceeded on an, entirely erroneous principle; as, from the method 
they have pursued, they could nev-er ^etthe machine to proceed alonfj 
the land. This wui be simply explained by stating that all former 
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Attempts have grone on the principle, thnt ploughs must be draaffed 
tlirou^h the earth, Now^ if we consider mr a momeot, it will be 
seen that the ploughBhitre and its beitrer are exactly similar to a 
common anchor; which, if thrown into the sea, it will bold the 
largest vessel fast, much more than a small enifine of JO-hor*e 
power. To obviate this great difficulty, in the present machine the 
nlouifh m revenged and made like an niichor, thrown out afore ship» 
(ly which the sailor hauls his vessel into position; and thus, in^ead 
of making the anchor a power to hold the vess^tel back, it is here 
made a power to null it forward; or, in other words, the ph:»u|fh i& 
inside a paddle-wheel, instead of an anchor cast astern, and thua 
the carriage is propelled along the land. In thus muking the 
plough a paddle-wheel, the next difficulty waj*, that five or six 
ploughs entering the earth at the same time would lift a !>i>lid 
piece of earth, and carry it round; while, to put the ploughs each 
on a separate aitis, would involve such a length of machine that it 
might not work. To obviate thia, all the ploughs are put on the 
same axis, and each share is placed a little behind the preceding, 
by which arrangement no two shares come into action at the fiame 
moment, and the first set have turned over their given quantity iff 
earth before the next set enter the land. 

Fig I. 




LOCTOIMUL, 




Fig- 



^m 






^ 




On applying the power of the steam-engine to the ploughs, 
it was found they ran along the earth without turning it over, and 
it became necessary to put a drag on the w heels, to prevent the 
carriage running away from its work; but instead of putting on 
the common railway drag, it was thought better to connect the 
wheels of the carnage with the wheel which drives the ploughs. 
Thus is obtained a uniform stroke for earh plough as it enters 
the earth, and it cannot proceed until it ha« turned over the 
desii-ed area. By this it will be perceived the ploughs drive the 



carriage-wheels at the necessary reduced speed, tfm Jbrward i 
of the machine being communicated from the plough to ih€ ota 
instead of from tlie carriage- wheels to the ploughs, as in maa 
agricultural implements now in use; or, to apply again a former 
simile, the paddles drive the vessel, instead of the vessel dri^'ingthe 
paddles. Mr. Us^her then proceeded to show a working model of 
the plough. 

Fig. t is a aid* okriitioQ. Fig. 2 Ib a plan of tbe uaderside. Fig. 3 ii 
a plan of a plough when two mould boards ure used, in cases where it ii 
df4ired to turn (he land on either fide; and fig. 4 is a side view of ooi 
of tbe ploughs on its unis, by which and b3f fig, 1 it will be seen tUnt the 
under edge of thtf mould board aad share i« foroied to a curve struck fr%>m 
the c«iilre of the shaft or «%is oo which the ploughs are affixed ; a a indi- 
cate the bed'ffttme or c^rringe of the macbiae. The fore carringe wheels 
^ A are mouni^ed onunaxltf, which turns in bearings c attached to lbs 
aw^rel fume D^ which tuovcfl on the bolt^ d for the purpose of causing ths 
mnGbiue to turn round in a »m!ill Bpuce. A portion of tbe swivel frame D 
19 tocithedf snd acted upon by the pinion and wiuch ^ ; the hind-part of ibe 
carriage is here showu supported upon the hollow cyliadvr or roller X* com- 
posed of two extreme parts,/^ and/», which are wheels similar to b 6. the 
ialerittediate part/ betn^ by preference removable at pleasure, so as to 
feeder these beartog parts suitable to the different stages of caltivatioo to 
w bicb the niachioe may be applied. This eompoond cjlln* 
der baa its axla supported ia the bearings g attucbed to the 
lower, or to the under aide of the carnage frame. The axis 
of this cylinder carries also at ooeead the wheel k, to be after- 
wards noltced. 

A moieabte lever frame i, i, i, t, is supported on an aile or 
shaft Jt, as a fukruui. The free eiids i' i* ore formed inl'> the 
toothed segments #, and are cuucentric to k^ thei«e segments 
being acted u}>oD by the two-tooibed pinions and spuidles m, 
whi(;h elevates or depresses the hiud part i i of the lever framv, 
and all that it carries, at ibe pleasure of the conductor. 

Ou the carriage thus constructed i? placi-d ihe locoiootift 
boiler, with ila engines of any ordioary construction, us PifK tbs 
power of which it) applied thruugh the medium of coonectjag 
rods to the crank shaft p^ the two arms of whieh fctaod at 
right angles to each other, in the osuaJ way. The crank shaft 
p ii supported on two standards q securely fixed to the car* 
riage. On the sh^ft je^ there is aUo fixed the spur pJNioo^ ta« 
dicuted by the dotted circle yy in 6g. I ; and Uiis pinioo, t>y 
taking into the wheel r, mnuuted on the shaft ky gives motiaD 
at the same time to the piuion /, which t^ carried rotmd on the 
same shaft k. The pioioo /. thus actuated^ lakes into the 
wheel A^ before referred tu» on ibe bearing cylinder// audit 
is preferred that the pioiua i should be applied so as readjlj 
to be put iolu and out of gear with its wheel, though oot lo 
^ shown iu the eogravlng. By this arrangement of parts, a slow 
progressive motion is obtujoed for the whole mHchiue, oa ttie 
one hand ihruugh ihe cylinder y, and on tbe oUirr band a 
separate rotatory motion, at a certain incri^ase of »peed, is 
cumiuynicuted through the wheel r tu the piujoi] ii?, fiied upui 
the piuton uu^ which last-named shaft has its bearings tv 
attached to the moveable frame 1 1. 

On tlie shaft ti u are placed a series of plates or prqjee- 
tioni, tixed at re|E;ular djstauces. Or such plates or pro^ 
jectionSf %\ith their pluughs afterwards described, may Im 
pl^iced upon sepantle shafts, e«4;h with its own proper grar- 
ifjg ; hut it 1& |jreferred lo place them ou one shaft. These 
plates or projictioutt on the axis are shdped in such manner as 
to receive and have alBxed lo each of them several ploughs, 
adapted by their revolving motion lo penetrate ibe suil, aod 
by their [uoiild boards to elevate and turn over porUooi 
thereof; a a are the plales or projections fixed upon lb« fhsit 
v\ they are each formed whb a strong boss at tl , l^r 

which it may be securely tiii«d lo the shaft, i i 

his* thr^f arms or prolon^fttiuns b^b^b^ which ,.,.. in 

\\\i' ni'li iJ rljrection shown; a further prolongation d d' Is car* 
rii-d (itji.qiiely upon each of Ihese arms, I'pon the plate and 
projei-lioua thus constructed is aflixed the tilling a|>paratuS| 
lahich coniists, flrsUy, of the part §\ which act* tbe pari 
of the mould-board or turn-lurruw iu the common ploogb ; 
and it is to be fixed by screw bohii or otherwise to ibe pro* 
longahooA d' d\ To the fore pari uf this mould-l>oard e t 
is athxLd a bar y of wrought-iruu, which is also furnished 
with a lug/*', by which it ts attached lo the plate, by means of srrew 
boltd or oiherwise ; the bar /^ thus secured, forms a head or share 
bearer, as iu many cofumon ploughs. To the fore part of Ihe bar /, Ibe 
share y is adapted, and fixed by its socket. The mould board* aM«J aJso 
the share, iiidy he varied in foim, A fore*culter, or coulter A' is aflued in 
front of each share, by «crew bolts or olherwidiT, and ii provided vtiiU tbe 
means of adjustment through the counter slits, tu itself, and in Ihe plate ; 
bul^ in ortJcr to meet the ditftrfent qualities of soils and the various aia^as 
of tdla^^^e, the further prousiooti hIiowii iu tigs. 8 and 4 are employeii. 
Fif^. 4 «bows a lariaLioo in lbs funa of the plate a of tigs. 1 aud 2. u s» 
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flie tkafr, as before, earryiog the plateg or projections ; «» shows a de- 
titched porlioo of ooe of these plates, io which the curved part a' to a* iff 
broQf ht forward and armed with a steel blade, answeriog the parpose of 
the separate coulter A' io fig . 1; eis the moald-board, aod ^ the share, 
aa before. Fig. S is a form of plough suitable lo the tillage of green 
crops ; a^ is a portion of the plate or projection, seen edgeways ; e* and e* 
are rghl and left mould- boards, and ^ a plain spear- shaped share. The 
Dumber of plates or projections, and also the number of ploughs in each, 
luaj be varied. 



On a Goi Stove. By Mr. W, S. Ward. 




rrUr, 



Fig. 1. 



Fig. 2. 



The novelty of the stove consists in constructing it of iron 
plates in a vertical position, so as to expose considerable surfaces 
for the absorption of heat from lets of gas, and for the radiation 
of the heat. The author found that his apparatus was sufficient to 
raise the temperature of a moderate sized room from 5° to 10® 
Fahrenheit, with a consumption of about three feet of gas per 
hour, costing about 2d, for ten hours; and that it was particularly 
useful in warming a bed-room, where only a slight elevation of the 
temperature was required, and free from the production of dirt or 

The annexed engraving, fig. 1, is a front view of one of the 
etovea, and fig. « a vertical section; it consists first of a sheet of 
plate^iron to fill up the usual opening of a fire-place, with a hole 
through for a chimney, and two other plates of iron placed about 
thiee inches apart, and inclosed round the rim; near the bottom 
•re perforations to admit air, and a small door with a burner, con- 
sisting of several small jets inside; when the gas is lighted, it 
heats the air inside, and the surface of the two iron plates; by 
tbtt arrangement all unpleasant effluvia is conveyed away through 
an iron pipe that is made near the top, and which leads into the 
ehimney of the room. 



Mr. McPherson explained an Apparatus fitr preventing Water- 
pipes bursting by Frost. The apparatus is shown in 
the annexed figure, and is acted upon by the expan- 
■ion of water, just as it is on the point of freezing. 
Let A represent the supply pipe; B a double-action 
▼alve; CTthe waste-pipe; F a copper tube contain- 
• ing the liquid to be frozen; D, the bracket to sup- 
port it to an iron plate. Now if frost acts on the 
eopper tube F, it will expand the water therein, 
elevate the piston £, and push up the valve B, 
from its seat, and thereby open a communication 
with the waste-pipe C, through which the stand- 
ing water in the pipe A, escapes, and finally 
shuts against the supply pipe A, thus accomplish- 
ing the shutting off the water and emptying the 



ing 
pipes. 




A new Method of Supporting the Speculum of Large 
Telescopes. By Mr. Lasseli^ of Liverpool. 

Mr. Lassell explained by a diagram the method 
he proposed to construct the speculum of large 
reflecting telescopes to prevent any sensible flex- 
ure. This he proposes to do by casting on the 
back of the speculum several ribs, aud placing an 
additional plate behind with several perforations, 
each having a pin or lever supported on centres. 



when the speculum is placed in a horizontal or inclining position. 
It is supported by these pins or levers acting against the ledges 
of the ribs ; for a 8-feet speculum he proposes to cast five ribs 
at the back, and have about eighteen pins or levers to support it. 



Mb. Buchanan explained a new kind of Valve for Waterworks. 
It consists of a flexible web made of India rubber strained over a 
metallic surface, having one or more hollow grooves, or a hollow 
space. When there is the slightest pressure on the top of the 
valve, the flexible web completely seals the aperture over which it 
is placed.^ The annexed engravings show two examples of Mr. 
Buchanan's invention fig. 1 ; A is a valve with a plate having two 
grooves covered with a web b of india-rubber; c is a dead plate 
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Wg. 1. Fig. «. 

with a raised rim fixed in the orifice, and d is the orifice of a pipe 
with a knife-like edge. When the valve A is pressed down, the web 
where the grooves are, is gently pressed against the two edges of 
the plate e and orifice «/, and closes the aperture. Fig. 2 is 
another form ; the valve A has a hollow plate covered with the 
web, which, when pressed against the edges surrounding the aper- 
ture r, completely closes the opening. 



On a new and read jf Process/^ the Quantitative Determination qf Iron. 
By Dr. F. Pbnnt. 

The author recommends the employment of the chromate and bichromate 
of potash for the estimation of iron in the common ores of the metal, and 
especially for the snalyses of the clay-band and black-band ironstone of this 
country. He was led to the application of these salts in the course of some 
investigations on the materials and products of the manufacture of slam from 
** alum-shale/' in which be was much retarded by the want of a ready 
method for estirosting the oxides of iron. The cbromates of potash give 
very exact resulU, and poueu the great advantage that a much larger 
quantity of msterial may be operated on than can be conveniently trested 
by the usual methods. For practical purposes, he ssys, the bichromste is to 
be preferred. The process requires no other apparatus than that commonly 
used for centigrade testing, which is familiar to all persons engsged in 
chemical pursuits. It may be essily and rapidly executed, occupying only a 
fraction of the time required for the process of estimating iron by precipita- 
tion as the sesquioxide ; and it is not interfered with by the pretence of 
slum and phosphates which usually exists in the ore. The method is bssed on 
the well-known reciprocal action of chromic acid and protoxide of iron, 
whereby a transference of oxygen takes place, the protoxide of iron becoming 
converted^ into sesquioxide, and the chromic acid into sesquioxide of chro- 
mium. 



A Notice ^f very powerfid Magneti made by the process qf M. Eliat 
and under his direction^ by M. Logemon, Optician ^ Haeriem, By Sir D. 
BaawsTxa. 

By this process a magnet 1 lb. weight will, with due preeaotion, support 
2h)lb., and the power does not sensibly diminish though the armature he 
suddenly detscbed several times. It has twice the power of magnets com- 
monly made in Briuin. Msgnets cspable of raising 400 lb. are made in 
this way. Sir David exhibited two of M. Elias's magnetic horseshoe comhi. 
nations of bars, one of about 17oz. weight, and another of 12| lb., the 
latter capable of supporting 150 lb. It was necessary, for their perfect action, 
to polish the ends of the armature with two pieces of wood covered with 
emery and lead. ' The line joining the poles must be as perfectly horizontal 
as possible. The bars are magnetised by being moved several times through 
a helix of copper wire, along which the galvsnic current passes. 

Dr. ScoaasBT bore testimony to the great superiority of these magnets 
to similar msgnets made by regular msguet makers in this country. But be 
had, after a series of magnetical investigations (the results of which be had 
published in 1843) made magnets nearly, if not quite, as powerful as those 
of M. Ellas. 
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Mr. limn had tried migneUBlrt; bjr tb« ooiU ind found tbe bett effect to 
he produced by i blue Ke«t beUif given to the bar, wbicb it that temperfl- 
ture WAi fipoied to ibe cuireat, and Ibeo plunged into water or a lolutioQ 
of ferropprutiiate of pou&b. 

Dr. SconEssT reroirked that biitP or &{I5° wai the belt beat to 
ffbtch a bar ihould be rai»ed before being magnetised. Too powerful mag- 
neU also otight not to be tiied in magnctisiog. 

Mr. Ward had had coiiiiderable tuccess in mBgoetiaing bj the coil, bj 
drawing a belix of about an inch in height from the centre of the bar» btck- 
warda and furwaj^da, aj in the ordinary mode of magnetiaing. 

On a Tubular Crane. By Mr. FAiRBAiRN^—Tbc jib and post of the 
crane ia formed hollow, of boiler plate. 



THE INSTITUTE OF BRITISH ARCHITECTS 

ON 

CEMENTS AND STUCCOES. 

It ia tioi often that the InBtitute of Britiih Architect! indulge in mthe- 
tict, Gef»erally apeiking, whenever the lubject ii fairly opened to them by 
Ibe nature of iheir lecturei, they avert the diacusiion to a matter of fact 
qaeation reipecting the economical use of tlate, the number of feet and 
inchea in a broken coloimi, or some other subject equally well calculated to 
promote an improved architectural taite. 

With turpriae and gralifieation, therefore, we observed that, during the 
late meetings, the reading of a paper on ** Cements and Stucco " (anU^ 
p. 221), ted to an animated and inCereiting diicuasion respecting the legiti- 
mate use of those materials. The debate was carried on with far more ear- 
nestness of purpose than could be incited by a mere abstract question. No 
abstract queition can long engage the earnest attention of a general atsem- 
hly, hot to the Britfih Architects the inquiry whether the use of deceptive 
materials be in good taite it not an abstract inquiry. It is a vital question 
to them ; for probably if that question be decisively aniwered in the nega- 
tive, it ii not too much to assumt that the decision would be condemuatijry 
of half the biiildiiigi erected hy members of the Inititute, 

Ma, Khowlcs, the reader of the pap^r referred to, tiatet the ohjectioDi 
againil the use of stucco for ** protecting and adorning the eiterior of oiar 
building!" to be 

1. That cements and stticcoea are not durable, and reqdre frequeal and 
expensive reparations. 

2. That they are very costlj; not lo much at fint, as by reason of the 
colouring and painting in oil, which ^ it ia thoughl (erronnously, is |he1>e- 
lieves), that they afterwards require, 

3. That they are fulie and deceptive inasmuch as they* being artificially 
formed roaterial^% do in some nieaitire aiiume the appiarance of natural 
productioni, 

4. That their introdyctioQ baa led loall that it false in detign, and defeo- 
tive in cnnstruction. 

5. That when employed in decoration, the enrichments are deficient in 
that sharpness of outline and delicacy of finish by which the productions of 
the chisel are distinguiahed. 

Of the iSrst of these objections be confeisea, that it applies with great 
force to modern London buildings, and that ** eitreme care*- is required " in 
tha construction of buildings intended to ba covered with cement," The 
second objection may, he thinks, be removed by an improved knowledge of 
chemistry and geology. With respect to the delciency of sharpness of out- 
line in ornaments moulded in ituceo, he aska whither it he not possibtc to 
overcome this difficulty by increased attention on the part of the architect 
in designing, and especially in inspecting the modelling of hia enrichments 
whilst in the clay^ 

Up to this point wa need not demur to any of the arguments in defence 
of stucco, for they amount tu an acknomledgemrnt, ihat the use of thnt 
material involves peculiar difficulties and requirci peculiar precautioni. But 
now comes the gist of the debate, the qnestion as to the deceptive nature 
of the material. Mr. Knowles ingeniously arguei, that grandeur, beauty, 
and originality of design, are far mora important and far lest easily attaia- 
able than costliness and durability of materiali. 

** That species of admiration which is excited by the costliness of tht 
materials employed in works of art, has always appeared to me to partake 
C0Dflid£:rabIy of the vulgar and the barbaroui. For^ as much aa the heavens 
are higher than the earth, so much do I believe the emanationi of the mind 
lo be above and beyond the mere vehicle in which they are embodied/* 



Precisely. We do not happen to know the altitude of the ** beavtns,** 
but if Mr. Koowtes will adopt any kind of terrestrial measure, we bate little 
doubt that we shall be able to assent to bis estimation of the superiority of 
mind above matter. 'We readily allow that all that ia vile and monstrous 
in taste may be eahibited in an arch of the purest statuary marble or bronze, 
cast in the most costly manner ; while some of the most admirabk build- 
ingi wbicb have appeared on the face of ibe CMlb aro cburcbea and caatlei 
built of hncks. But who are those most liable to the charge of preferring 
the material before the design and skill of the architect ? Those who waald 
let plain bricks honestly show themselves 7 or those who would hide the 
bricks beneath a surface imitating costlier stone ? The ** admiration excited 
by the costliness of materials'' doet partake ^'iMiQeiderably of the mlgar 
and barharons." But can that vulgar and harbaroua admiration be eabibitcd 
in a more vulgar and barbarous manner than in the concealment of cheaper 
eubstanccs by a mere show and unreal pretence of costliness i Or caa 
that same admiration he more openly and decisively disavowed than by iba 
honest exhibition of the cheaper substances i 

Mr. Knowlea bas, it appears to us, forged a weapon which inevitably 
recoila upou himself* His gun kick§ more strongly than it sboota* The 
very argument which be has chosen for a defence of itncco la its most 
decisive condemnation. If the admiration of costly materials be barbarous. 
how infinitely more barbarous it the dishonest imitation of them. If the 
love of real gems has a vulgar taite, wbat ahall be aaid of tboaa who wear 
paste diamonds,^ . 

Ai a matter of practical experience, the use of stucco in domestic arehl» 
teeturt leads to the constant re production of the aame insipid fofni, 
Where the ornament can be laid upon a building as something altogether 
extriniic and adventitious, the principal necessity for originality an4 loven* 
tion is altogether evaded. But where the ornament it an essential and ift* 
tegral part of the building — where it depends upon, and springs oat of, tbi 
Gonetructiont the architect is almost compelled to think whether he will or 
not ] and, on the other hand, where the construction can be wholly hidden 
by a false surface, on which skin-deep ornaments can be laid at ** so mock 
per yard run," ornament becomes mere stock-in-trade, to be kept on hand 
till wanted, and the architeci ii mpwwed^d b^ the buMtr. 

In the discussion which followed the reading of Ibe paper, il la grati- 
fying to find that architecture was regarded— not as a mere fancy or fashioa 
-^nor as a mere code of arbitrary rules — nor as a system of jugglery to 
delude mens' eyes by fialse show of splendor — hut as a liberal art. Mr. 
Fbjlncis appeared to us to give the coup de grace to Ibe question, which 
the most unfortunate argument above referred to bad already setlleil. Ce- 
ment he considered '^ a material quite inadequate for the purpose of miouit 
and elaborate design in ornamental work, which^ when executed in it, malt 
want the freedom of touch and the artistic feeling belonging to the chiaeb 
For freedom of touch and artistic feeling, we should as soon look in i 
willow-pattern piste as in plaster ornaments run in a mould.'^ 

II it certainly in too excluaive a tpirit that some writers condemn «4( 
kindt of ornamental forms multiplied by mechanical means. Such con- 
demnation ii far too generaK It would include engratringt which have a 
beauty and excellence of their own, differing much from that of the pictorca 
from which they are taken. To engravinga, moreover, it iocouteslibly due 
the merit of populariaing the highest works of the eaieU But an engraver^ 
must be an artist, and have an intellectual feeling of the spirit of his 
original ; while the maker of stucco uroamenti is a mere mechaoical dredge. 
an Irish labourer, probably, who has never ciiUivated his taste beyond aa 
appreciation of gin and tobacco* The engraver must have a wonderfollf 
keen eye for all the varying depths of different colours which have to bt 
imitated by him hy mere gradations of thmde in black and white. 

Even where mechanicaKy produced, decorations require no tatt^ for Ibetr 
successful reproduction, they may yet potsess grace when honestly and 
legitimately emplojcd. Such grace may and ought to belong to paper- 
hangings, the forms of porcelain, and glass utensils, and the patterns of the 
commonest and cheapest pottery. Such ^race may alio bel<mg to omamenfy 
of pia»ier properly employed* To confine ourselves to one instance amoag 
many, it would ho, we think, mere architectural puritaniam to object to the 
adornment of ordinary ceilings with appropriate decoratiooa in stucco. In 
such use of plastic materials no deception could be intended or etirecied* 
The white plastered ceiling of an ordinary room can no more be mistaken 
for stone than ordinary gilding for gold. 

The real offence against taste is the attempt to deceive. Gilding is a 
most admirable and beautiful species of decoration when legitimalely em- 




plojed; but wben aied wbere it ptiiet for aoltd go1d» it ii tli« dbpUy of tbe 
vulgareit preteoce. Tbe aimikr obaerTation appltet witb regard ta ttucca. 
Aft Mr. DoMAXDSON unansweribly observed, "the jomfcing girea to ceoieut 
IQ order to make it imitita tione, producei evidflntiy i falie Appeftrance.'* 
It ii a raere perveraion of truth to say that do dec^ptinn i< meint in stuceo* 
eovered butldinga, when patni are take!] to icore horiEotiiil and fertical 
Itoet in imitation of the eoortei of maioorr* How prepotteroua to allege 
that nch a Riiterable expedient ii not in ittempt at deception 1 It ba& all 
• tlM dbbooettj of a juggle nithottl itt clever De»s. 

We would be almoai conteat to leive Ihe queation oq Ibia single iasoe. 
Wben Uie admirert of atocco ee^e to acore upon it tbe Unea aforesaid, we 
will charttaUlf try to hope that thej intend no decepUon. But, uniil tbat be 
done, tbey will remain under tbe impotation of aaiiig a false lubatance to 
hide — Dot tbe poverty of miteriali — hut, far worae, poverty of lavrntion. 

If we turn from mere apecolatiofi to tbe evidence of hiatnry, it ii Inatantljf 
apparent that thoae periodg in whit^h materiaU bv?e l>een usfd honeatly atid 
fftitli folly* bate been tboae leist aubject to that pest of architecture — 
eopyiim. Tbe Greek temple, formed of solid lihcks of atone waa a purely 
orifioal idea, entirely ditferent from all precediiig forma of architecture. 
The oiAftiive itructurea of Kgvpt and ancient Rome* vrilb alt their faultti 
bore tbe impre^a of unmiilakeahle originaliiy. Of the exbausdeaa fertility 
of invention, and the endlesa prodigality of deai^n e-xbihited by oor Cbria« 
tian anceatora, It it imposaible to apeak adequately. Tbe proud Mmster, the 
bamble village Church, the impregnable CaaUe, and ibe graceful Halb bave 
each a diitincl character of ita own. But in our o^n time, all originality of 
deaign aeema abandoned, or lefl to tboae few architt iita who build honettly. 
lo domettic architecture, tbe bigbett effort ia tbe reproduction of a well* 
known Italian facade* wilb a few alight variationa, or tbe decoration of a 
bnilding (of which the flat aurlace and va^t rowa of windowa identify it 
in conBtruction with a cotton mill) with tbe endleai repetition of heraldic 
devieea and innumtrable weatbercoeka. Ordinary architecture ia worst even 
than tbit; for the new atreeti and charming villaa which apring up like 
fungi about the metropolis, are generally more hideous than their vegetable 
typta. It it a comfort to Ibiuk that tbcir defective cons tiuetion proojisea an 
ml moat equally rapid decay. 

We are earneat in tbe diacuiston of thii queition, and are willing to be 
charged with harping on one atriiig till it ti effectually set at reat, for we 
reckon among the moat cheering signa of tbe progreaa of architecture, thai 
tbote who debated the queaiion at the Institute of Britiab Architects were 
almost noanimona against tbe uie of false materials. Thai pernkioua system 
which inflicted on oi tbe gew.gaw splendour of Georgian taste, bos too long 
cramped tbe energy and spirit of modern architerta. Tbe 3rat promise of 
their emancipalion from tbe ioEiipid traditions of ihe last cenltiryf is coeval 
with tbe revived study of Pointed Architecture, a style which nobty evi- 
dencea* tbat in bnildtng as in morals, if t# goai id bt hoHMi and fme* 



I 



THE GREAT EXPLOSION AT SEAFORD. 

There was n blnBting upon a large scale at Seaford on Thursday, 
2lst ult., for the purpose of throwing^ dawn a considerable portion 
of the chalk cliff on to the beach, for checking the progreus of the 
gh ingle towards Be achy Hend and tbe East. 

Seaford'is situated close to tbe eastern extremity of a bay three 
mOes in length, extending from Seaford Head to Newhaven Head. 
It 11 one of the Cinque P<irts» It is twelve miles from Brighton 
«nd about five from Beachy Head, Close to the sea is a M;ir- 
tello tower — the last westward; there ia also a fort, which is 
under the care of a resident master gunner. But the ground about 
Beaford for two miles to the wet^t lies low, and there is nothin^if to 

£r<>tect it from the inroad of the sea at high tides but a narrow 
each bank of shingle. This harrier is hecoining gradually weaker 
in consequence of the tendency of tbe shingle to drift away, and it 
has become a matter of urgent moment that this should be i^tayed. 
Close to Seaford, on its eastern aide ris*es a noble line of cliff, in 
tome places 3tHi feet high, and averaging above two hundred. It 
was determined to project a huge slice of the cliff to tbe beach, 
with a view thereby to constitute a groin for the puriMise of retain- 
iog the shingle and preventing its leaving the hay. The operations 
bave been conducted hy the Board of Ordnance, hut the owners of 
land about Seaford contribute towards the expense. The works 
were begun about seven weeks ago, and there have been 55 men of 
the Royal Sappers and Miners engaged upon them. 

The 'spot selected for the operation is nut much above half-a-mile 




to tbe east of Seaford^ At a height of about 50 feet above high -^ 
water mark there was driven into the cliff or excavated, a tunnel 
or gallery 70 feet long, 6 feet high, 5 f^el broad^ ascending with a 
slope of I in 3. At the inland extremity it turned right and left 
in the heart of the cliff, above 50 feet one wav and above €0 the 
other, with a more gentle ascent, the two smaller galleries being 4 
ft. 6 in. high, and 3 ft. 6 in. broad, and the three being in the form 
of a capital T. At the utmost end of each of the side or cross gal- 
leries was a chamber, 7 feet cul>e, lined with wood ; and in each 
chamher a charge of no less than 1 2,0001 b. of gunpowder wns 
deposited ; making the distance of the centre of the charge 70 feet 
from the face of the cliff towards the lea, and about 70 feet above 
high- water mark* The galleries were "tamped," that is stopped 
up with bags of sand, and chalk in bags and loose, to within 50 
feet of the mouth, both branches being tamped up, and 90 feet down 
the large gallery. The tamping is, of course, a very important 
matter ; the hole through which the charge of powder is deposited 
should offer more resistance to the force of the exploded powder 
than the solid earthy in order that the powder may not find vent 
through that entrance, but spend its power upon the earth to be 
cast up; and this may he the better accomplished where the firing 
is by vrdtaic battery, because there is only a thin wire to pass 
through the tumping for the purpose of ignition. It must be added 
here, that above this charge of powder, and on the top of the cliff, 
three shafts or pits were sunk to the depth of 41 feet, and GOOlb. of 
gunpowder deposited at the bottom of each * these pits were tamped 
with chalk. Very near these pits— ^perilously near it almost seemed 
— about IHO feet from the eage of the cliff, a small wooden ebed 
was erected, in which were placed three voltaic batteries, two of 
Groves's and one of Smee's, for firing the charges ; tbe wires to 
convey the electric fluid to each charge were covered with tape and 
varnished or tarred over; the wires to the two lower charges in tbe 
chambers were of course, carried over the top of the cliff. It waa 
arranged that these two great charges should be fired simultano- 
ously, and tbe three above a few moments afterwards. 

It was at twelve minutes past three o*clock, p.m. that suddenly 
the whole cliff, along a width or frontage of some 120 feet bent 
forwards towards the sea, cracked in every direction, crumbled 
into pieces, and fell upon the beach in front of it, forming a bank, 
down which large portions of the falling masfi glided slowly into 
the sea for several yards like a stream of lava flowing into the 
waten TJie whole multitude upon the beach seemed for a few 
moments paralysed and awe struck by the strange movement, and 
the slightly trembling ground; every one sought to know with a 
glance that tbe mass had not force enough to come near him, and 
that the cliff under which he stood was safe. There was no very 
loud report; tbe riimbling noise was probably not heard a mile off, 
and was perhaps caused by the Bplitting of the cliff and fall of the 
fragments. There seemed to be no smoke, hut there was a 
tremendous shower of dust. Those who were in boats a little way 
out state that they felt a slight shock. It was much stronger on 
the top of the cliff. Persons standing there felt staggered by the 
shaking of tbe ground, and one of the batteries was thrown down 
by it. In Seaford, too, three tjuarters of a mile off, glasses upon 
the table were shaken, and one chimney feD. At Newhaven, a dis- 
tance of three miles^ the shock was sensibly felt. 

In a few moments after the cliff had fallen the crowd upon tbe 
beach rushed forward to it, A second fall of chalk, when they had 
got about half-way, checked them for s^i instant, and but for an 
instant. They rushed up the mound which the exploded chalk had 
formed. Although it is a mass of large rough stones for the most 
part, difficult in many places to climb except by using one's hands 
as well as feet, yet ladies efigerly clambered up it, and one gentle- 
man managed to get his horse up. It will probably, like the cliff 
still standing, be rather unsafe for a time, as there is reason to 
believe that further falls will follow, considerable masses which 
have not yet fallen being evidently loosened. Tlie mass which 
came down on Thursday is larger than was expected; it forms an 
irregular heap, apparently about ^0€ feet broad, of a height vary- 
ing from 40 to 100 feet, and extending WO or 250 feet or more 
seaward, which is considerably beyond low-water mark. It is 
thought that it comprises nearly 30u,OO0 tons. The operation is 
considered to have been decidedly sncceftsful. 

The work was under the direction of Sir J. Burgoyne, Inspector- 
General of Fortifications, but the immediate direction was taken 
by Captain Frome; Lieutenant Ward, H.E., had charge of the 
voltaic batteries. Colonel Lewis, Lieutenant Greatorex, and 
Lieutenant Oossman, assisted in the operations. Sir J. Reunie 
and a number i>f civil engineers were on the ground. Sir C, Pasley 
was present, and, as we understood, tbe Duke of Beaufort and 
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Lord F. Fitzcliirence; aH also wa*? Mr. Wright, CE., who con* 
ducted the (ip^rHtkins at the blasting of Roundilown Cliff, neiir 
Dover; nnd Colonel Sundhum, Sir H. Shiffnefj and other gentlemen 
of eminence* 
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SMOKY CHIMNEYS. 

Sill — If the following mode was adopted in building- our fire* 
place openingij and flue«, we should re* 
, I quire a much less number of thtMie ia- 
r ] congruous inventions at the tops of 
! I our chimneys, disli^urin^ as they do the 
/ I sky-line of our house?* It has been 
successfully adopted by Mr. Pierce, of 
Jemiyn-street, and ought to be gene- 
rally known. 

His plan is to fil!4n the openinjers of 
old chimneys, and in !>uihlint? new ones, 
to coutract them quickly thou^fh gra* 
dually, by means of a tynti^er tfafhvring^ 
ifi contradistinction to the coh^vht, which 
was formerly much in U3e, (It forms a 
quicker draft, and is not a receptacle 
for cold air, as the latter U.) I have 
tried it, and think it due to Mr. Pierce 
to say that it has fully answered. The 
diagram will illut^trate it practically. 
The more perpendicular and central 
the flue is carried up for the lirs^t two or 
three feet before gathering <iver on 
either side, the more eflScient will it be 
found. Let all bends be very ejisy, the 
Bue of uniform size, with souud con- 
struction, and the fire-place openinp^s 
proportionate to the si^ce of the rooms. 

1 should ol>f*erve that, f^athcriu^^ the 

flues over all iu one direttiou, without 

returning them in an other, i** iiow exploded. It is found to be 

quite immaterial as to where tlie flues go, provided all bends are 

easy* 

John Buboes Watwn. 

Sept, «*'/«* 1^50. 
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BUILDING BRIDGES IN THE AIR. 

The Academy of Sciences has at present under consideration a 

fdnn of a moit extraordinary character, beiiij^ neitber more uor 
esa than a suppenfiion bridge between Fnince and Koj^'Umd. 
M. Ferdinfiiid Lemaitre proposes to entablisb an aerostatic bridge 
between Calais and Dover. For this purpose he would construLtt 
strong abutments, to which the platform would be attached. At 
a distance of 100 yards from the coast, and at distances of 
every 100 yarda across the Cbnnuel, he would sink four 
barges, heavily laden, to which would he fixed a double iron chain, 
of peculiar construction. A fonnidable apparatus of balloons of 
an elliptical form, and firmly secured, would support in the air the 
extremity of these chains, which would be strongly fastened to 
the abutments on the shore by other chains. Each section of 100 
yards would cost about 300,*>o'(>f., which would make 84,000,000 for 
the whole distance across. These chains, supported in the air at 
stated distances, would beciime the point of support to this fairy 
bridge, on which the iuventi^r proposes to estahlisii an atmospheric 
railway. This project has been developed at great lenylb by the 
inventor. 



RntKB Biiii>oK. — It appears from an official document published 
by Mr. V'ati der Heidt, the Minister «»f Trade and Public Works, 
that the committee appointed to examine the merits «*f the various 
plans for a bridge over the Rhine, between the cities of Cologne 
and Deutz, have awarded the first prize of SJoO fredcrics d'or to 
Mr. John W. Schwe^ller, architect, of Berlin, and the second prize 
of I'iS fiederics d'or to Captain Sairlh Willium Moorsom, of Lon- 
don, the engineer. There were veveral English competitors, 
among others Mr, Fairbairn. 



ON GALVANIC SOLDERING. 

Iv the * Technologist' M. Eisner gives an account of some eitp^- 
riments he has made on galvanic soldering. Under the nftiii« of 
fiulvanic soldering, a process is known by means of which two 
pieces of metal may be united by means ol another metal, whicit 
IS precipitated thereon through the agency of a galvanic current. 
This mode of soldering hy the ''wet method" has been often 
recommended in various periodicals relating to the industrial arti; 
but it has been objected that — practically speaking — the union 
between two pieces of metal could not he effected by means of a 
metal so precijutated by galvanic agfncy. In order, however, to 
arrive at a dehnite conclusion upon this question, M. Eisner uoaef- 
took the follow ing experiments, making use of a Daniell's '^^ constant 
battery." The first experiment he made was by placing upon the 
end of the copper wire, which formed the negative electrode, a 
strong ring ot sheet ctyjper, cut asunder at one pointy the digtanoe 
between the severed parts being about one-half cr one-third of a 
millemetre, and immersing it in a bath of sulphate of copper, Al 
the end of a few days (during which time the exciting liquor* were 
several times renewed) the space in the severed portion of the ring 
was completely filled up with copper regulus, which had been pre- 
cipitated; and' on partially cutting with a file through the part 
thus filled up, and examining it with a lens, it was observed to h§ 
very equally filled with solid and coherent copper, A second 
experiment was made with iinother copper ring cut into two partL 
and the two segments placed with the faces of the sections oppovn 
each other, and similarly submitted to the action of a galYaiiB 
current. At the end of a few days the segments were united by 
the copper precipitated, and again farmed a complete ring, A 
third experiment was made by placing two strong rings of sheet- 
copper, with their freshly-cut faces upon one another, so that the 
two rings constituted a cylinder. These rings were surrounded bf 
a band of sheet-tin, coated with a solution of war^ so that the two 
rings were equally surrounded by a conducting material. The 
rings were then attach eil to the negative wire of the battery, tnd 
immersed in a bath of sulphate of copper. At th^ end of a ftv 
days the interior surface and the contact surfaces of the two rlnp 
were covered with precipitated copper. The rings were only 
submitted to the galvanic current to such an extent as to cover 
their interior surfuce with a thin coating of precipitated copper, 
and yet they were so completely re^united that they formed a 
single cylinder. The exterior conducting covering of tin waa, of 
course^ removed, before testing the cohesion of the g^aJvanic 
precipitate. 

From these experiments, there appears to he no doubt that two 

fiecea of metal may be firmly united or soldered by galvanie agency. 
t will, therefore, be possible to firmly unite the different parts of 
a large piece of metal, and to make a perfect figure of them by 
galvanic precipitation of a metal (copper in ordinary cases.) If 
Holutit»ns of salts of gold or silver were employed in as concentrated 
a form as those of copper above-mentioned, there is reason to 
believe that galvanic golaering would also result. In fact, M. de 
Hackew'itz statcH, that in some experiments on a larger scale, 
which he undertook, to obtain holJow figures by galvano-plastic 
means, he had remarked that galvanic union often took place 
between the pieces operated upon, .M. Eisner states, that while 
conducting the evperiinents above-mentioned, he remarked that, 
by employing too powerful a current^ the negative electrodes of 
copper, and even the plate of copper, and ring of the same metal 
resting thereon, became covered with a dt'ep brown substance^ in 
the same manner as this occurs under similar circumstances in 
galvanic gilding, as is well knonn. After several unsuccessful 
attempts to prevent the formation of this brown coating, M. Eisner 
found that it was possible to remove it entirely on immersing the 
articles covered therewith, during a few^ seconds, in a mixture of 
sulphuric and nitric acids. By this means the precipitated copper 
was made to assume its imtural red cidour. 

With respect to the cohesion of the galvanic soldering, it is th« 
same as that of c<q)per or other metal precipitnted by iralv&Die 
agency. It will, moreover, be well under^^tood, that too energetic 
guivanic excitation must have an injurious influence upon the 
cohesion of the metal precipitsited; and in this case precisely the 
same phenomiuia will be observed as those which have long 
manifested theinwelves in ordinary galvauo-piastic operations. 
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Kilmabreck Quarry ia th« srttirce whence alJ flopplies of granite blockft 
Aud piviug slunes fur Ihe Liverpool Dock Quayg arr derived. Kiiraabreck 
U sittialc Dear llliickcriiig, in CJalkiway, auci liitB of Jut« years become a 
place uf ftome imparlance. The quarry wai opeueU about twenty years 
agu; and Ibe cleruymari of Ibe parish gives the failowiog mlereatiug 
deficiiptiou uf the modus operandi: — ** The working of this quarry, ia 
lti34, coiit nrarly 15,000/., lucludiog rent and lanndge of rea^eb, kc. li 
is wrought ia three breasts, about 30 feet high eacb. the one above and 
behind the other The operations are coadycted with much skitt and 
regularity . At ont* lime powder wa» very much employed in Ihie work ; 
fifty, sixty, and a» high at sevt^nty pounds were usc>d in ane blast. These 
«iplo»ions were felt and beard at a considerable diuiance, aa the slight 
ihocks of an earthquake. The uae of powder, however, except in open- 
log up corner*, ba»» b^^en for simie time entirely given op. Blasting was 
/oood to frhnke aiid frequently to desirov Bome of the finest blocks. Drill*, 
frcrtgeft^ crowbars, sled^tr-hammerA, and cranes, are now priucipally u^ed 
ill quarry iiiK even the lar^e»l muMsie]} ; and it i& truly a»toni»hiog to see 
With t^bat facility even moiniiatuit can he removed by handicraft. In the 
quarry the rocks are stralihed Th<j siratu are perpendu utaft and fury 
to Uik'koeM froiu nine inches lo fite feet When a innjaa it in be i^eparated, 
wedges are iulrodtjced betv^een the itrala, and aie <l riven down with 
sl*(tge hammers oolil a sepHmtion is elFected, A large crowdiar^ wdl 
mtiniied, is then applied, tolhrow down the mass to the bottom of th« 
quarry. Thit arcompli»hed, the uent thing is to cut up the sTone into 
blocks BB large at» the materiiila will admit of; and this part of the work 
is, perhapt, the most mtereating process of the whole. The rude and 
Doaihapely muss may be tive r<<et thicks and ten or tweht« feet loog, and 
iuu»l be cut imo the form of a paraltelo]j;rain, to 6t with matheiDalicii] 
'precision in tti»ov(n appointed placi* in the ducks. Holes are bored four 
or five iuohes deep, wjih w drill L*r jomp^'r, and eigUt or nme inches apart^ 
IQ the lioe the slone iu to be split A block of foo/teeti tons is soon cot to 
the size aud shttpt- rfqoircii by the power of Mhe phig amJ feaiber* 
When a bulc huA been bor*J<k of the retji^Med depth, two weUgea are 
introduced ioto the hole, w»lh the thick end down, and by driving 
the one do wo into the centre^ the combined power of three wedges is 
thus obtained| and made to bear upon every hole, and thus aptit the 
atone. A few holes charged i*ilh plug and feather v^dl be found autlicient 
to split a very large sioue. In jiplutiiig grmiittt in this way, the quarry- 
ineo are careful to place the hoU^ aud the wetlgcs puraJlei wiih the reed 
or graia of the istone. This arrtiii^etiienl retiders the pruresa comparatively 
eaay ; aod the skilful workmen can shape their blocks and paving stones 
with as much comfort as if ibey were cutting wood in a i«aw mill. As a 
proof of the extraordinary power of the ** plug and featht^r/' it may be 
aiatedi opoo the authority of the present skdful overseer, that m&ssea of 
500 tons are sometmies lifted or removed by their aid. 'i'here is a compa- 
lively narrow ridge of granite rock runaing para lb 1 with the shore from 
Creetown to the entrance of Fleet Bay, aad which is probably connected 
with the great mass of the same formation of which t'airosmore forms th« 
western side, thoogh divided on the surface by a h^ratom of greywacke. 
The situation of the quarr> ha^i thos been well chosen ; fur the blocks^ 
when cut and shnpen, are transported by a &bort railway to the &hore 
b^low, and there shipped in vesaela bHho>gini: to the Dock Trysteeg, who 
have a Ijttle lleet uf what are called '* ^tune bo/its,^' citnliunally sailiag 
belwi&l Hjgiown Bay aod the Mvr^vy .^Ltverjjmt CAroiticte^ 
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ON FARM BUILDINGS. 



A very valuable imp rove meat hws been lately suggested in the erection 
of farm buiKltngs, thiii the whole area be roofed over like tl»e termioos of a 
railway. This idea i** vt-ry lilile known, and will, no dooht have to coo- 
tend with much oppositiau. It will protert thennimals, prevenllhe bt-«vy 
rains from injuriog tlie dong, and protect the m-inore ffom being dried 
on lh« surface by the hot »un» of ibe eaily summer. For smh roofs* 
corrugated iron is the most proper* »s ii;f own btrrugth will stand over a 
moderate width, and it dues not reqiiire any supporting subr^tHiiee on 
which to be laid. The aspb^lted klt^ ais ctimbu.si^blc', anil rrqojre an 
under roof, ou which they are hxed, aud oo both tbe^ie ponUa the) «r« 
inferior to the corrugated iron. The thief' wings of the fufiotiry will t>a 
^^loofed oter with the thin iron, at die common elevation, lo tovniag the 
vhlih of 20 feci oier wiiUs, three rons of roubog will cover tb<^ interior 
of the faimery, and ma) rauge north and south, iiiuJ witt its^t ot» enAt iron 
pillafS, which are pluced in the subdivision walls of )he feediii^ yards. 
The roofing can extend over the rick) nrd and the rwil way, aud place nil uotJer 
^Loiis roof. If agricnUorc would look to the mighty, and ai the same time 
^^^efery convenient joint performances ol machmerj and railways, it would 
^^gMily perceive thHt matty useful modilicaiioiH oi their utility miglit be 
^P[f0Nlticed iuto the practical operiitions of it •! own departmeuis. It aiay be 
K^i^ miAOoably proposed, that all ibe articles of agr»culturiil pn^duce, 
which are cbaujged in forai for the purpoae of being us^d, ahoutd be placed 
on the second door of the larntery, or earned toil, aud heme let (Juwn io 
prepared lorm lu the pluces where they are wanted. When it is 
^tcfcrrrd to cut tbo tuioipb into slices aud Lhv hay luio chafl'^ aud when 



the incontesiihle improvemeut comes into use of cutting all straws that are 
used fur litier— ihen it is evident ihat all the articles io the crude foim 
must be placed on tha higher floor, aod deecead from it in the prepa»ed 
con lit ion. In the improved ose of IbreBhiag machinery, the uolhrc«hcd 
graio is raised from the grouod-floor to the feeding board by meant* of a 
travelling carrier Ihat is driven by the mschinery ; or it may he carried 
from the ricks to the second floor oa a high railway, that is placed to the 
necessary height. The grain from the ricks is laid upon a light wugoo, 
which runs upon the railway to tha feeding hourd The power of steam 
will drive machinery to simost any extent \ and cutters may be placed oit 
both sides of th« eugino for the purpose of cutting iho straw, hsy, aod roots. 
The straw may be taken as it falls from the shakers, aod put into the 
adjoitiing cutters of tha kind to cut it ioto lengths of B or 4 inches for the 
purpose of litter. Tho hay may be col ioto chaff by eutlrrs closely adjoio- 
itig. (*n Ibu other side of the engioe the roots may be cot by a similar 
application ; aod cna l>e raised to the box of the knives by a narrow tra- 
velling carrier from the ground floor , and iaqoanti) as the cutters are able 
to manufiictura. The cut food may be laid ia stores, whence it can bo 
carried in light wagons on railways to the required places, and let down 
io spouts* The rail way a for ibis purpose most ron to the necessary posi- 
tious for feed uig cattle and horses, aud for strewing litter over ibe yards* 
It is a good thing to have a railway on the groumj between two rows of 
ricks, on %vliicb a wa^on conveys the grain to the lower floor of the bjirn, 
whence a travelling carrier raises it to the second floor, where the macbioery 
receives it to be scutched. A suggestion not much difTereut, places the 
railway between the rows of ricks on cast'tron pillars, that stand at the 
hi^ight of the secoml lloor of Ibu machinery, and ou which the grain i« 
carried by a wagon io tba feeding board. A third idea may be published, 
timt the ricks of grain stsod singly oo foor- wheeled platforms resting on a 
branch railway at a sharp sngle of divergence with the main trunk, which 
leads to the threshing barn. When the rick is wanted to be threshed, the 
platform is run along the railway which inclines gently to the baro, where 
ao outside shed receives the rick ooder cover from rain, during the time of 
tbreMbing. The barn sPandti across the railway, and receives th^ rick 
wltboot the laboor of turning such a heavy t>od| toa cross direction. The 
platforms are returned Co the position on the biaocb railway, in order to 
receive a rick of the next year's growth. The ricks and macbifiery are 
covered by the corro gated irou roof of the farmery extending over them. 
The suggestioo of having a secood floor over the entire area of farm buihi* 
ings, ou which to perform all the manufacturing work in the prepBitaiion 
of the diffeient articles for use, niuy be reckoned a chimera, or a wild sally 
of the ioittgioatioo, and with it will be classed the idea of placing eat h rh k 
of grain ypoo a foor wheeled plritform, nod running them entire to the b>irn, 
as each may be n quired to be ihresbed. Rut from a doe consideration, 
there certainly appears nothing improbable in the feasibi.ay of its adoption, 
sad nothmg imjiossible In the application and execulioe of the tarious 
parts of the composition, U is only an extension of the principle that h is 
already been used on a minor scale aod for smaller purposes. — Gardttum' 
Chronicle, 
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Nkw Port n* this Mkditerraxean. — The Const it utmtnei con- 
tains the fallowing: — ''Bastiu is the wealthiest and most populous 
town in Corsica. Situated opposite to the CJulf of (»enoa, within 
a few hoors' journey from tlie coasts of Italy and Frnnce, on the 
road to the Adriatic-^ Sicily, und the Levant, it has become the 
roost important centre itf traffic in the country; and of itself 
puigi^eHses one-fourth of the navy. Struck with this importance 
mid with the insufficiency of the old port, the government applied 
for a credit of 3,ttoo,t>tiof ^ with the addition of a subvention of 
^Q0,OO0f. furnished by the town of Bastia for the construction of 
a new port. The works are now in active progress, 7^ he port will 
he of vast dimensions. It will inclose a surface of more than 12 
hectares {26 acres), one-half of which will present ft depth of ti 
metres f 19 feet), and of which 9 hectares at least will afford a 
depth or more than 8 metres (*i6 feet), A mole in the direction 
of north to south will shelter the port on its widest side. A 
refuge wil! thus be created from the most dang"erou3 stonns of 
those seas, not only for trading' vessels of the largest tonnii^e, but 
tilso for the war navy, an important result upon a coast which, for 
an extent of 40 lea^^ues from the Cape Corse to Porto Vecchto dues 
not afford a ningle harbour of refuge," 

Railway SxATmN. — Althoug^h there \s a station at Chester 
1000 feet long, and which cost lot»,000/„ defrayed hy four com- 
panies, the London and North- Wei^tern have decided upon a sepa- 
rate establish meat in conf*e<pience of the annoyance ana litigation 
attendant upon their present locale. A deputation of the directors 
has chosen t!ie site, and plans and estimates are being prepared. 
We have not heard whether Mr. Philip Hardwick is to contribute 
the architectural features, but we presume the^ will be tinder hia 
charge as the Company's architect. 
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Hkatikg noRTtcDLTtTRAL Bt7tL&rN&fl.^Tbe fbllowing is r«coromend«d 
$M an econoQiical, efGcadooB, and limple mode of heating : — " I bave been 
ooiitrntng a furnace, with a brick flue four-brick high and aiiieen feet to 
Itngth. Ibis if eorered over with tilea an inch and a balf thick. The 
other part of the flue it continued with brick* on edge, covered over with 
commnn tilet on the top of the flue ; 1 have made a trough or gutter for the 
water to flow in. The apparatuft t« fixed in the fornace containiug only five 
quarU of water, but the trough or gutter will hold twenty galtonSr which I 
And givet a very powerful heat, and will maintain the beat a coniiderable 
lime, which is a great consideration iti eold weather. There it no boiler or 
iron pipei or tanki used in thin plan« The furnace ia lo conitructed that 
iiiy old Gindera will keep a good fire. The Holinai»e ty stem can be uwd at 
the atme liioe, but I don't want it. This is not upoo a large scale, as the 
flow and return trough or gutter is only about forty feet* It ia only the 
vimplicjty of the plan which induces me to forward you tbe ahore short 
tketcfa/^ — J» D, — Gardener^ 9 JottrnaL 

Gas Bath. — The gas baths constructed by Messrs. Defries and othersi 
•rt now attracting much attention, a« aflbrding the ready means for archi- 
tects and builders to provide bath accoaimodation in private houseSf for 
which there is a growing demand on the part of the public* With the 
cheap supply of gas throughout the country, many new domestic arrange* 
ments will be made, particularty simple means of cooking in summer time; 
and in large establiUimentM gas cooking apparatus is likely to be applied, as 
giving great power in a small space. 

Thk RAiLtPfi) poa THE BRiTtaa Mosbum. — A report ia current that, 
the iron railings for the eiitensive front of the new buildings of the British 
Mnieum are to he cast in Prance. The reason for this is said tobetha 
admiration which is justly eipressed for the iron railings in front of Mr. 
Hope's house In Piccadilly, which were made in Paris, and which are 
diitingulahfd for sharpness and fineness In casting. U is, however, ex- 
tremely Qnjnst to rate French casting ahore Enf lish on this accfiunt. Mr. 
Htipe^B railings cost upwafds of thirty shillings per cwt.j whereas the 
common contract price under competition for similar work in Bngland is 
twelve ibiUings per cwt.; and it is with work of this price that Mr. Hope 'a 
rails are compared. Let the trustees of the Museum offer even two thirda 
of the price thai was given by Mr. Hope, and they will find plenty of 
English manufactures who will product raiUngs ^uite equal to the fancy-prict 
foreign article to Piccadilly. 

PoRTaMouTH —Another dock, the ninth now in this dockyard, waa 
addt^ yn the 2-tth ult. to ibis eHtabrishmi'nt, The dock vraa opened at 
noon hy the floaiing in of li,M.S. Neptune, of 120 guns, m the preseoce 
uf a very lari^e concourse of oflicere aud viaitora. Tins addition renders 
Fort^mouih more complete for dock accommodMltoo than any other naval 
eatabliabment. The fullo^^ing are the dmit^uatona of the structure : 

l/fTifn^h fmnt ih« cf^ntrg of tbe oaiiaon ^rore to tlie head 300 
BrraiJth of tJie floor ,«• M 

Dit^stll!! beLwcen ihs coplnf *...■•■..*.*•...* Oft Q 

Rn^urJlh or th« t'nirunc« A5 

Bepth jyom the cojiijig to the floor ^ 4 

Deiitli of tim di>ck , S7 

It is built of Coruiiih granite upoa a pile foundation, and framed gdllaga 
brickwork on cement under the floor. The fullovviug are the chief items 
used in its coostruclion : 

V\r tliiibHE>r, In p^Im and uleepoiv, 54,S<M) cttkic fett, 

W rough I snd CMi-lroo, 0^ ton*. 

OmoTvie, fii 300 cubic jrsrdi,. 

Bncki, 2,J)72,0OO. 

OranitB, ia:i,«0Ocnbief««t, 

Piirb«cJ( it'iiie, ll.tiOQ irutiio HmU 

Portland itone, 3t^,0Oi!> cubic (etU 
Crtpt. Jame^, R.E., nod Mr. H. Wood, clerk of the worka, are the ofllcera 
UQ<ler whose i^o leriotfiid^nce tbe dock has been builtt which atliJs another 
tu tba arveral natiootl workni eoniractad for by Mr. B, Bramble, tha 
mnyor of I'or AamoU . 

HAHTL^POttL'-The antiunl meeting of the Hortlepool Weal Harbour 
and Dock* Company whs held at West Harttepool« on the 5lh, The 
report reff rrerl to the proceedint^ji ia the last session of partiament, and to 
the act obtained for powers to enlar]ge the Weal Harbour^ by so aUcriogthe 
pier» and eodotiirig a further part of the sea shore aa would give an add;i> 
tioual space of oiiieleen ucres^ Tho proprietors readily resolved upon 
commencitiit thcac wurks, aud completui(7 th<^m with all praciicahle expe* 
dition. 1'he We»t Harboiir will i^hen contain an area of about forty-four 
Rcit^s, and ivill be the lurgeat pier harbour between Loudan and fjcith. It 
wjH be CHpHible of shclteritig; 200 to 300 ships, in addttion to Ihe accomuio* 
U'ltiou ufTttRli'd b> (he ivvu docks, which will contain nhout iweuiy acr<*s. 
The works of the ner oud dork were reported (o b« in a very for-^ ard atcite^ 
the excavatmn beinfj iiK»rp than half finished, and about twu-tifihs of the 
dock walls compleied. The new town of We*i Hartlepool, surroundiog 
the West Bocks, is progresaioj? very rapidly, the compan) having auld 
land for about ^60 boust's witlnn the last leu moutha. It is calctilati'd that 
after deducting a imnlerate valuation of the Und Avuilabte for reiiale, the 
total eipi^uditurp on all the works will he about 300,000^, which will 
represent an ucjdertnking couaistiag of a bnrh^nir of about forty -four 
acres, I wo ^tock-^ of about tw*'i»ty acrfs, together with all the land specially 
appropriated for them, and shipping staitbs, approaches^ quays, dock and 
merchants* oQlces, aitd vanoua other buildings and working stock and 
citablibbuieot. 
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aaxNTBD lie bnolano raou AtrousT 22, to Skftkmiiek 2d, 1850. 
Sue Montht allowed far Snridnuni unUtt olAertcxft ejrpcttndm 



Wlllkm Dick, of Edinburgh, prorrasor of Telerlnt^ry mrdidne, Telertnarf Colkft, 
Edinbiifgti, for IroprovemeDUi in the mmufacture of ■tecl and gu.— Augual 22, 

BrnJimtQ Eotcbj, of LotrlAodi, Mlddlewx, Eftq., for a facttUout saltpetre, and ■ autdt 
b^ whiLh factlttoua uJtp«tr« mmy b« obuJoMi fbr coniinarcial parpoaea,— Angiut 2t. 

Willi am Edward Ntwton, of Chancery-lant, MlitdlMex, drll eugin««r, for Improvib 
menta Iti refiniof gold. i;A cocmnunlcatton.)— Aofiut 22. 

Willi am Edward Newtoa, of ChaDccTT-^lane, Uiddlcicx* dvil eugiiiecr, far lopfOTfr- 
menta to the conitrttcilon of ibipa' magaiinea. (A commiintatlon.}— Aofaft 22. 

Wlltiam Edward Newton, oi Chancery- lane, MlddlMe«, civil eoglnrcTp far improf*. 
ineaU In maebloery or appAralua for produdng Ire, and for senerai refiigfrrmtloK pc- 
poMK^. <,A communlcaiioii.}— Auguat 23. 

WilUam Edward Newton, of Ctiancery-taoe, If Iddleacx, drll eiigti>eer, ror lraprafe> 
i»«oU In the cooitniction of ablpa or r«aafl«« Aod la tfceam iNillera and gmeraiora. iA 
camcnuDk-atl[>n«) — Auguat 2'2, 

Daniel JltlngworUi, of Bmdfori, York all I re, wortted fplaner, for certain Impravencttta 
In machlnetY fur preparing all d«acriptlont of wool and hair grown upon axil maU, for 
the carding, combing, and other niancifftcturlfig procene^.—Aufuit 23. 

Uunean Broc^, of Paipeblac, Gaipe, Canada, but at preaent at Uverpool, LaaeaKtir, 
£tf|., for certain improvcmeota in tbe conatruetion of JtrtArf mglDca.'xAagiist Xt, 

Richard Prt>aier, of Birmlniirhain. cSwll engtneer, for Improveinenia in tappJftng aliiB 
boilera wili.ti water, and la clearlfig out the tut>ea uf ateani bollara.~Augtiat 'J2. 

Alfred Vincent Newton, of Chancery -lane, MLddleaex, fnecbanleal draaghcamui, Hr 
icnproremeDla In cutilag typea and other irreiular figures. (A comronntcrtkift.}-* 
Auffuat 'i$. 

George Auguitat Hud dart, of Brfoklr, Caeraarvoo, E«q , for cert«io imp rofta mn 
la ibt manufaciure of dgarg, and ccnaJa linproTed appaiwtua fbr wnoklng' dgvra.— 
Auguftm 

Sir John Scott Llllle, Companion of the moat Honoqrabit Order of the Bath, of ftrtii 
France, (or certain ImproTemenls tii the apphcatlon of notlre power. — SeptcmlNfr i., 

Joha Saul, of Manchealer. cotton fphmet, far certain Improveoienta In roacblittrror 
apparatui fur spinning and Iwiatlng cottoo and other fibraaa oubilance*. — Hfft^mtitti* 

George Smith, of fHancheeter, engineer, for certafa ImproTeiDeRii In iteajn-etiglMa, 
and alio Improveroenta In fieedlDg or auppl^ng the troilen ol tbe lame, part or partaaT 
which Improvemeaia are alio appikable u> other almllar parpoaes.— September &» 

William Walt, of Glaagow, North Britain, manufacturing cbemtat, (or certain I** 
provementa sppllcable to Inland nov]gatioii» which Improrementa or porta thereof, *re«lto 
appilcat>le geaeraily to ralalng, lowering, or Iranaportliiif beaey tfodlea. — September 5, 

Andrew Barclay, of Kilmarnock, Ayr, North Britain, engineer, fur improTeiweiita JB 
the imelting of Iron and «ther orea, and In the manufacture or working of Inoa j ' * 
metali, and In cefUin rotary engtnea and fan*, machinery, or appar»Cua«a< 
therewith.^Septeinber 5. 

Wmiam Erfkine Cortirane, of Cambridfe^arrace, Ile<tent'i<park, and tTenry Ftm 
^ Prlncea-ftreet, ElolhiiTblthe, for ImpraTeinenta in propel] log, itwehng, and balltfCblc 
veaieU, In the piatotii of lUraia-eDgluea, Id Ire-han of furnace*, and In fJeepert of alk 
waya,— 'September &. 

Frederick Wood bridge, of Old GraveMane, If Iddleaex. engineer, fof ImpctiTeiBciit In 
machinery for manufacturing rlfeii, balta, and acrew blaoki. — Septemt>er5, 

John Beattle. of Uverpool, «Dglac«r, for certain hnprurementa ta tUtrlnf mill 
September A, 

Jamea fcfathrr, the younger, of Crow Oakt, PI!klngton, Lancaater, bl« . 
Thomaa Edmeiton, of tbe name place, calendermao, far certain improreraeotBl 
chinery c^r apparatu* for icourlng, Dnliblng, and atrelching woollen, cottou, 
woven fabf lea*— September 6- 

Chrittopher Croat, of Farnworih, near Boatan, Lancaatar, cotton tplooer attd a»a»> 
facturer, for certain improvenienl* lu tbe inantifacture of textile fabricai aUo Id the 
mnnufacture of wearing apparel and other article* of textile maleriala, and In Ikl 
machinery or apparatua for eflrcting the aame.— Jieptembei 6, 

Jamea Rennle, of Goward Bank« Fatkirk, Stirling, Scotland, gentleman, for • ctftik 
Improvement or Improvementii In tha fonatructlon of gat reiurta and fumacvt, ood lo 
apparati}* or machinery applicable to the »afne.— September &. 

Pierre Erard, of Feria, for tmproremcota lo the couitructlon of planofortea.-^-SvelMD* 
twfr 12. 

Bobert Langdoo, the yonnger, of Dertiy, glove tnanufacttircr, and Thomas Pfeitar 
Tubberer, of iJerhy, manufactuTer of elastic librica. for Improvementa In tbe manufaco 
ture of looped fabrlic*.— September 12. 

Aatley Paatan Priie. of Margate, Kent, chemlat, and Jamea Heywood Wbltebc«d,df 
the Bijyal George Mill*, Saddlewutth, near Maocheater, (or imprurementa tn filicn.— 
September 12. 

Thotnt* Lucoj Pttf^r^on, of ftlaa^w. N irth BrltoJn, mtnnfacturer and caIIco pitatiT, 
for certain Improvemeitta In ihe preparation or manufactnia of tettlle m ate^ala* amd fi 
the Aniahlng of iiuveu tabrit:*, and In tbe machinery or apparatu* naedtherrin. — ^pi M>> 
ber \2. 

Richard Archlbnld Brooman, raf the firm of J. C. Robertaon and Co., or Fleet ^tfctft^ 
London, pnt«ni a)|enu, for Intprnvtfmt'ntj tn purifying water, and preparlDg It for 9Wl 
gli]4<«ri>tig, mbnutfaLiurlng and Uumeatlc V'Urpoae*. (A communlcaUttO.) — Sleptembcr 19^ 

Henri Jeremy Chri*leD, of Faria, engrmver, foir Improfcmenta to qpUnder priD|l«g.— 
September 19. 

iuper \t'hee1er Itogera, of Dublin, clv^l engineer, for certain tmpvoryeiBenii In ike 
prcparatiiin of ptxt, and to the ntanufuctare of the eame Into fuel and vhareioaJj— Hap- 
tentbvr \'J. 

William Ecclea, of Wattonle dab', Laocoiter. cotton iplnuer, for certatn Impivn^ 
menta In loom* for weaving —September 19. 

Samuel Briabane, of Mancheiter, pattvrn maker, for certain Improvementa la l«oai«j||r 
weaving.— September ly 

John Naamyth, of PatrlcTOfl, L«ncaatrr. englnerr, and John Bartofi, of Maacbimi, 
copper roller manufitcturer, for certain Imprarementa in machinery or apparalAi fir 
printing CJtiicoea and i^ther Riirr'acf • : nnr] olao Impravemenla In the manofacture of 
copper, or other metallic r&llera to be em ployed therein, and in the machinery or appara. 
lua connected with auch manufacture.— September l^c. 

Henry Houtdtwortli, of CottafH Hotue, Lanark, North Britain, IrofwoaMtarp fmim* 
provemonL* In lit* minufkcture^ of iron and other m«Laij, — September M, 

Alfred Vincent Newton, of Chancery -lane, mechaoical draughtiiniaa. fbr i(>fi— i 
menta In dyr>ing yam, kc, In manufacturing oerlaln woven fahrioB. (4 iHMlWMlNii 
tloB.>-aepieiiili«r 90. 
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LECTURBS ON THE HISTORV OF ARCHITECTURE, 
B By SAMveii Cleoo, Juif., ifa.o.B., f.o.s* 

Delivered at the College far Geiietal Practical Science^ Putney^ Surrey, 

(KAlKJDSNTp Hlij ORACK TUB I»UEX OF BDGCLIUCH, K.6.) 

> Lecture X.— ROME. 

Roads — AqueductM — Ffrnt — Bamiim — A mphithm i ru — ^Ctrci 
Theatres — Themaf^— Tri u mphd Arrhes, 

DmifTBruB of Halicarnassus says, that ^H>f all the monuments cif 
Rome, the three that appeareil to }iim tlie most to proclaim the 
power and mapiificence of Rume, were the great roads^ the ctoac:ie, 
and the aaiiedncta." In the t^vo former works, the Romans only 
Imitated the example of tlieir Etruscan teachers, though they 
carried them out tf> an extent comme nam rate with the vastoesa of 
f their dominion. The Roada^ or Viae, traversed, like great ttrterie&, 
I all t!ie provinoes of the empire; extending from point to point in 
I jiearly a straii^ht line, regardlesa of '^-en^ineerinir diffii^ulties/' 
Mountains were tunnelled, and maiprtificent bridges thrown acrosjj 
I the widest rivers. The hridije constructed over the Danuhe hy 
command of the Emperor Trajan, consisted of twenty arches, 
[•ach 170 feet span; the piern were 1.50 feet in heijii^ht from the 
I foundattnn, and the roadway 60 feet in width, Ki^ht h ridges led 
^across the Tiher to the different roads out of Rome. The hrid^es 
[were frequently decuraled with ruL'heu and statues in the piera, and 
often were entered through triumphal archea, or protected hy 
J towers. In formini^ the roads, after the i^round had beeu nrt»perly 
lie veiled, a mixture of HniFilI stones and puzzolano was laid to a 
certain depth; and on tliis were placed cloaely- fitted polygonal 
blacks; where the blocks were defective, the interstices were 
filled- in with flintsi, and in some instances with wedges of granite, 
^ or metal; producing, on a horizontal plane, the appearance of a 
Pela«kgiu}i wall. The road was divided into three parts^, the f«ot- 
^way occupying the centre; this was raised above the carriage- way, 
nna was somewhat broader: it was protected hy upright stones 
[plaeed at intervals, gome being higher than others to assist the 
passengers to mount on horseback^ the Romans using no stirrups. 
^ At the end of each mile was a stone inscribed with the number of 
miles from Rome, measured from the Columna Milliaris, in the 
Forum Romanorum. Every five or six miles, post houses were 
erected, each of which was to be provided with forty httrses. Of 
■uch importance was facility of transit considered, that men of the 
, highest rank were appointed to superintend the preservation of 
the public roads: Augustus himself was at one time surveyor of a 
district. 

The Romans were probably the first builders of Aqueducts; for 
though the Etruscjins excelled in tunnelling and draining, there is 
no record of any aqueduct (as the term is generally understood) 
before the time of the Roman republic. So necessary was it 
thought to have a plentiful supply of fresh water, that no expense 
was spared to obtain it. Water was conveyed from springs forty 
or even sixty miles distant; and in the most ilourishin^ period of 
the Empire, forty streams flowed into Rome through fourteen 
aqueducts. Pliny says, speaking of the a<jueducts, *'If any one 
will diligently estimate the abundance of water supplied to the 
public baths, fountaina, hsh-ponds, artiJicial lakes for galley fights; 
to pleasure-gardens, and to almost every private house in Rome; 
ana will then consider the difficulties that were to be surmounted, 
and the distance from which these streams are brought — he will 
confers that nothing eo wonderful as these at^ueducts is tu be found 
in the whole world.^ 

Some idea may be formed of the expenditure lavished upon an 
efficient water supply, from an application made by H erodes 
Atticus to the £m|^eror Hadrian, for 3U0 myriads of drachms for 
the purpose of bringing a stream of fresh water to the city of 
Troas in Asia Minor; at the same time reminding the Emperor 
that he had granted larger sums to much less important towns. 
Hadrian complied with the request; but when the aqueduct was 
finished, the expense was found to have exceeded 700 myriads; 
whereupon the munificent Herod ea himself presented the extra 
sum to the city: 500 myriads amounted to about 1(U,4AH/. 

These noble structures were erected wherever the Roman power 
extended. They were either single, with one row of arches, like 
the Aqna I^Iartia at Rome; or in a double row, one over the other, 
like that at Segovia; or even triple, like the celebrated Pont du 
Gard near Nismes. This great aqueduct extends between two 
mountains, and crosses the river Gar don, which passes under the 
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fifth arch ; it is about 207 feet in height. The iource of the Aqna 
Claudia at Rome, is 46 miles distant, the walls for ten miles were 
raised on archea, and some of which arches are 100 feet in height. 
The Romans pave a considerable inclination to the water-courses^ 
and caused tnem to deviate from the straight line, in order to 
check the rapidity of the current. In i*ome instances, the water 
was filtered through gravel laid for that purpose in the channel. 

The Reservoirs, or Castelli, into which the aqueducts poured 
their waters, were of great capacity, and frequently elegant in 
design nnd decoration; one is described, built by Augustus, at 
Nicopolia, as a large oblong building, at each end of which was a 
reservoir fed by the aqueduct of the city; riuind the interior of 
the building were niches^ where stood marble statues of naiads^ 
holding shells, from which the crystal stream overflowed into the 
castellum. Thus did this luxurious people combine utility with 
beauty 

In viewing the ruins of Rome^ the observer cannot fail to be 
struck with the magnificent remains of the ancient Fora. These, 
like the Agora of the Greeks, were the great centres of business: 
they were open spaces, oblong in form, surrounded by porticoes 
and' other public buildings, and adorned with altars, columns, and 
statues. They were of two kinds, the Fora Civilia, and the Fora 
Venalia; the former appropriated to the transaction of public 
business, the latter to the holding of markets. The surrounding 
porticoes were two stones in height, the lower serving as the 
offices of bankers and merchants, the upper for the populace as- 
sembled to witness the gladiatorial combats, which were exhibited 
in the forum before the erection of the amphitheatre^ There 
were only two fora at Rome before the time of Augustus, who 
laid out a third; others were afterwards added by succeeding 
emperors. The principal, both in extent and importance, was the 
Forum Romanorum; which, amongst other public buildings, con- 
tained the Julian Basilica, the Curia Julia, where the senate held 
its sittings; and the temples of Castor and Pollux, and Jupiter 
Tonans. In this forum was the rostrum from which orators ad- 
dressed the people: it received its name during the time of the 
Commonwealih, from being decorated with the prows of vessels 
taken from the enemy. The ruin of the great Forum Romanorum 
is so complete, that its very limits are a matter of discussion: its 
present name, Campo Vaccino, or bullock-field, describes its de^ 
graded state. 

The Fora of Julius C»sar, or Augustus, and of Trajan, were all 
celebrated for their architectural magnificence; the latter was 
entered by four triumphal arches^ and in the centre stood the 
beautiful Trajan column, designed hy the architect Apollodorus, 
This column, of the Tuscan order, is' l-^ ft. ^^^ in. lower diameter 
and 97 ft. 9 in. in height; the bas-reliefs with which the shaft i-t 
covered ascend in a spiral line from base to summit; within, stairs 
leading to the top are cut in the solid marble. It stands upon a 
lofty pedestal, ornamented with eagles, crowns, and other insignia: 
the ashes of the great Trajan are said to repose beneath. Part 
of a hill had to be cut away to afford room for the Forum Trajani, 
and the height of the column denotes the depth of the excavation. 
The Antonine column is nearly a copy of this; but as the shaft is 
nearly parallel, it is inferior to it in elegance. 

The Curiffl and Basilicae were always situated in or near the 
Forum; the former were places of assembly. Vitruvitis recom- 
mends that in the Curia, the walls should be intersected by a cor- 
nice, to be continued round the interior, half its height from the 
fioor; "for without this precaution, he says, 'Hhe voices of those 
who are debating, would ascend to the upper part of the court, 
and be lost to the audience. But when roroni« are introduced, 
and continued along the walls, the sounds will be iiiterrupied in 
their ascent, and be distinctly heard before they are dispertied iu 
the air." 

The Basilica was a building adapted to the two-fold purpose of 
the meeting of merchants, and the administration of justice; it 
was of oblong form, divided by rows of columns into three, or five 
aisles; the longitudinal aisles w*ere terminated by another in a 
transverse direction; here waited the advocates, notaries, and all 
thuse who were engaged in prosecuting causes. Opposite the 
central aisle, this division, or transept, projected out in a semicir- 
cular recei*8, raised a few steps, so fis to form a kind of dais. This 
part was called in Greek a^<nr, and in Latin tributia: here sat 
the prfBtor with his assistants; and from this courts of justice 
have been called Tribunals, The longitudinal aisles were used by 
the merchants as an exchange; the central one was two columns 
in heiglit, the upper row forming a kind of gallery. The aiale-i 
were covered by a fiat ceiling; the tribuna with a semi-dome, or 
conch. The basilica presented a plain exterior, the decoration 
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being within; the tribuna was the mast hierhly ornamented p«rt; 
it U uncertain whether the itii^leR were inGlosed by wallm, ur whe- 
ther only by arcades openinff into the forum* There were »l{*i> 
other apartments^ calletl chahidiea; hut fur what porpoae i« un- 
known. Sume suppose them ti> have been store^nouses fur the 
corn to be dtetributed to the populace; as, according to V'firro, the 
vreta chnkifiica had the property of preserving- ^THinr but this is 
mere conjecture — the term ehakidim is employed by some authors 
to signify all the rooms in the upper part of the houiie, generally 
used as store-rooms. 

Leaving the butlding^ appropriated to business or utility, we 
now come to thoBe set apart for entertainment and luxury; the 
most important and charaeterislic of which is the Amphitheatre, 
giving proof both of the wealth and power of the mighty Roman 
people, and of their ferocious and i^antruinary diT«position« 

We have already traced the Amphitheatre to an Ktruscan ori- 
gin; the name first given to this kind of «tructure in Rome was 
Theatrum Venatorium^ or theatre for bunting. During theCnm^ 
monwealth, the gladiatorial games were generally exhibited in the 
forum, no permanent amphitheatre then existing. It is supposed 
that these games or combats were first celebrated at funeral 
feasts; but finding tbem so agreeable to the populace, thos^e 
advanced to high offices in the state were accustomed to give 
them 88 bribes or rewards at tbeir election-^ hence they were called 
donations. Gladiatorisil shows soon became a passion with the 
people of Italy, and were encouraged as a means of exciting a 
tierce and warlike spirit; even Fliuy tbe younger speaks of these 
games as proper to inspire fortitude, and to make men despine 
wounds and death. The first public !<bow of wild beasts was on 
ticcasion of the victory obtained over the Carthaginians by Lucius 
Metellus, when the captured elephants were driven round the 
arena by slaves with blunted javelins, in order to dissipate the fear 
inspired by these strange and enormous animals. H'ild beast 
iights do not appear to have been introduced till after tbe second 
Punic war. 1 be amphitheatre wj<s at thia time only a tem|N»rary 
structure of wood, erected in tbe Campus Martins, and removed 
at tbe conclusiou of tbe games. It is said that Caius Curio, tri- 
bune of the people in the time of t'lesar, gave an entertainment on 
his fathers death, causing two theatres of wood to be crmstructed 
for the morning representations of the drama; these theatres were 
so contrived, that in tbe afternoon the semicircles were swung 
round, and made to meet at the extremities so as to form an 
amphitheatre for the exbibition of gladiators, with which tbe sports 
of the day terminated. The first permanent amphitheatre was 
built by Statilius Taurus, in the 7*25tb year of Rome; this was a 
stone edifice, but of small si/^e. As the degradation of the lower 
classes increased with the absolutism of tbe emperor, so tbe crav- 
ing after these murderous games increased also; the populace of 
Rome were little better than a multitude of paufiers, receiving 
their daily bread frt^m the puhltc stores^ and pun am et vireensejt 
became the popular cry. Perhaps it was found by their tyrants, 
that the exhibition of public games was an ejisy way of keeping 
the people quiet, by affording a siife vent to tbeir love of excite- 
ment; hut be this a« it may, the old am pbi theatre was found 
quite inadequate to contain tbe crowds that flocked to witness tbe 
ishows, and in the reign of Vespasian, tbe great amphithejitre was 
founded, called the Flavian, from the name of tbe Emperor Fla- 
viu« Augustus. It was completed by his son Titus, some authors 
say in three, others in ten years; many thousand slaves were 
employed in its construction. This enormous building is gene- 
rally known as the Coliseum, either from its gigantic dimensions, 
or trom a coloss;il statue of Nero that stood near. It is elliptical 
in form, fi20 ft. in length, by 513 ft. in breadth, and is 1.57 ft. in 
height; it occupies six acres of ground, and was capable of accom- 
modating BO, 000 spectators. 

Tbe Roman arnpbitheatreH and theatres are architecturally 
interesting, as affording the earliest examples of the use of orders 
one over the other on tbe exterior, 7'he Coliseum has four stories, 
the three lower consisting of arcades, separated by piers and 
engaged columns; the upper, of an attic pierced with windows, 
tbe piers being decorated with pilasters. The lower order is Doric, 
the second Ionic, and tbe third Corinthian. Those who have exa- 
mined tbe building disagree as to whether the upper order is 
torititbiitn or Composite; !?erlio, Tayhu', and Cresy stating it to 
be Composite; and Pal lad io, Cipriani^ Desgodeti, and others, 
Corinthian. Aa the wall of tbe building ascends, it gradually 
tapers inwards; tlie diminution in its thickness is given to tbe 
exterior, tbe interior face being vertical: this tendency to the 
pyramidal form greatly adds to its apparent solidity. In the two 
lower orders, the columns project more than half their diameter; 
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in the third, exactly half. The Doric columa are upwards of nine 
diameters in height, and are raised on pedestals; the entablature 
is not quite one-fourth the height of the column; the frieze i* 
jilain, without triglyphs; the width of ihe piers is rather more 
than half the aperture of the arcli, and the thickness nearly the 
same. The npper stiiries being so far removed from the eye, 
the capitals of the columns present mere indications of tbe order 
to which they belong. Tbe hiwer arrade consiJSted of eighty i»j»r- 
tals or vomitories, numbered bke the boxes of a theatre. The 
lower story wiis occupied by five corridors; from the second and 
third were the staircases giving access to the upper seats; from 
tlie fourth, a flight of marble steps led to the podium. There 
were four principal entrances, 15 ft. 4 in. in width; the other 
arches being only lift. *iin.; that to the north was the por- 
tal by which tbe emperor entered from his palace on the Ksqui- 
line. The interior central space was covered with sand, to 
absorb the bbnid of tbe victims; hence it was called the "arena/ 
From this rose tbe podium, a wall l-^ feet high and 1-1 feet 
broad, protected frt»m the springs of the wild beasts by a nnaU 
canal and a spiked railing; on the podium were the seats 
the emperor, senators, foreign ambassadors, the vestal virginsi,! 
the editor, or person who gave tbe games. Tbe equiteti 
fourteen rows above. The emperor's seat was raised, and 
hung with silken draperies like a pavilion. Ranges of ma 
seats then rose one above another to the upper story, where 
wooden benches served to accommodate the bmer ranks of spec- 
tators. Doors opened on to the arena below the podium, through 
which the gladiators and beasts entered; and the bodies of those 
butchered in the games were dragged out by a hook, into the 
Bpoliarium. Cells or chambers, have been discovered beneath the 
arena, which some have supposed to have been dens for the beasts; 
but it is uncertain whether the vivarium was contained within the 
; walls of the amphitheatre: they were more probably used for the 
I machinery necessary to the changes of scene produced on the 
arena. It was occasionally filled with water, for the representa- 
tion of sea-fights; and sometimes trees were transplanted there, 
and artificial caves and rocks formed, amongst which the wild 
beasts lurked as in their natural state. During the work of 
slaughter, the audience were refreshed with jets of odoriferous 
water, rising into the air and dispersing like small rain; and were 
sheltered from the sun by an aw rung or velarium. Over the win- 
dows in the upper story are corbels, for the purpose of attaching 
the masts of tlxe velarium, which passed through boles perforated 
iji the C4>rnice, The velarium was in six parts, drawn together by 
conis; it was generally of woollen cloth, hut on particular occa* 
siuns of embroidered silk. We are informed that the net- work 
before the podium was of gold wire, and the fascia? of the benches 
ornamented with mosaic work of precious marbles; and that on 
high festivals the furniture of the amphitheatre was entire! v 
composed of gold, silver, and amber* According to Martiat 
people flocked from all parts of tlie world to be present at the 
opening of the Flavian Amphitheatre; games were celebrated for 
100 days, during which time 5000 wild heaata were slaughtered. 
In the reign of Trajan, an entertainment was given that lasted 
Pi.'! days, ^000 gladiators successively appearing on tbe arena. 
Amongst tbe strange animals mentioned as taking part in the 
show, are ostriches, zebras, lions, leopards, elks, giraffes, elephanta, 
and even the rare bippopotanms, who probably met with a Um 
agreeable reception than amongst the novelty-hunting fashionable!) 
of our metropolis* 

The games of the Amphitheatre was the last remnant of Pagao- 
ism that gave way before the dawning light of Christianity: they 
were not abolished till tbe fifth century, irladiatorial combats 
were put an end to by the courage of tbe monk Telemachus^ who 
rtished upon the arena, and endeavoured to separate the com- 
batants; he waa in?.tantly torn to pieces bv the brutal populace^ 
but the heroic deed roused tbe Emperor llonorius to exert his 
authority in repressing a spectacle so obnoxious to tbe religion he 
professed. These shows ceased from that time, but fights with 
wild beasts continued to be exhibited till the reign of 1 heodoric 
(5^23 A.D.) Since then, tbe Coliseum has fallen into disuse, and 
wjts long a prey to tbe spoiler, till it was consecrated by Pope 
Benedict XIV,, who erected tbe cross that now stands in the 
centre. There is a prophecy relating to this building recorded 
by Venerable Rede; *SVs long as tbe Coliseum stands, Korme 
ahall stand; when tbe Coliseum falls, Rome will fall; when Rome 
falls, the world will fall." 

There are remains of four other amphitheatres — those of Verona, 
Capua, Nismes, and Pola in Istria; tliese are all similar in plan to 
the Coliseum, though of smaller dimensions. That at Verona is 
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I of rustic work; the piers between the arciides are decorated with 
Ipilasterzj. The ainpnitheatre ut Nismes has* two stories of the 
[Dtiric order. That at Pula differs from the others in being" 
■situated on the slope of a hill, so that aearly one- half of the 
l^cUipiie is OIL a more elevated plane than the rest; the basement 
Iftnd finst story on that side are suppre^^Hed, iiiid most of the seats 
I are supported by the natural «kipe of the mountain. This buiJd- 
jlJi^ consistM of three storie>i above the basement, which is of rustic 
J work, Btreng^thened by buttresses and surmounted by a cornice; in 
I this part are several square doorways* The first story has Doric 
[pilasters, witiiout b^se^, but restiiij^ un pedei^tals, and with a rustic 
I entablature; the second story is simiiar, but the piers are slighter, 
[and the pillars re^^t on a continuous styh)bate, or siirbase; the 
[third Btory h an attic, perfirrated by sfpifire windows, one over 
beach arciidep The curve of the antphitheittre is interrupted by 
jfour projections, each of the width of two ajrciuleB, contaitiing 
pitair cases. 

Besides the amphitheatree, the Romans had Naumachia, in 

rhich the central area wa^ filled with water for naval combats; 

[ And Circi for horse and chariot races. The Naumachia of the 

I Emperor August*js was IS(H> feet lonjf by 1200 feet broad. The 

Circus was of the same ftirm as the Hippodrome of the Greeks; 

but the seats, instead of beiujjr laid riut on the natural elevation of 

I the ground, were raised on arthes like those o( the amphitheatres. 

Tliere were sevijral circi in Rome; the principal was that known 

as the Circus Maximus, ft>uuderi hy Tarijuiuius Priscu*. It was 

much enlarged and improved by ditferent emperors, and offered 

accommodation for no less than 4Sa,000 spectators. The two 

I£;i^yptiHn obelisk $4 now seen in Rome, formerly stood upon the 

fipina of this circus. 

The Theatres of the Romans so closely resembled those of 
^the Greeks, that a detailed description is unnecessary; the 
Igreatest differences were, that all the performances took place 
ijon the flta^jre^ the orchestra being the place where the senators, 
' and other persons of distinction sat; and that they were built on 
\ level ^nmnd^ the exterior presenting several stories of arcades, 
like the build irif^s already described. The lirst permanent theatre 
ill Rome was erected by Fompey theCreat, The Theatre of Mar- 
cellus was built by Augustus, in memory of the s*ki of his sister 
Octavia; this was of two orders, Doric and Ionic, and was suf- 
ficiently lar^e to contain 3(),000 spectators. At one time there 
were as many as three thousand sin^-^ers, and three thounand female 
dancers, en|j;a^ed in the theatres of Rome; and during- a severe 
famine, when all Ktraugerts including" artists and [jrofessors, were 
banished from Rome, the«e alone were exempted — so necessary 
had the amusement they afforded become to the iuxurious and 
pleasure-lovioij Ho m tins. 

The p*eat Therma", or public baths, also strikingly displayed 
the prodigality and maprnificence of this people; indeed^ some* of 
the descriptions of these places more resemble the inventions of 
romance* than sober matter of fact. The vast halls were «up* 
ported by elaborately wroug^ht columns of foreign marbies, and 
decorated with the finest works of the sculptor; the walls en- 
riched witii fresco painting and gildinjj, ^ind the pfivements com- 
posed nf beautiful mosaic work; candelabra of bronze or ^old, 
vf ext|Tiisite workmanship, shed from their lamps a softened light 
through crystal globes; and the rarest perfumes floated on the air* 
£esides bathing-rooms, theiJje buildings contained libraries, gymna- 
aia?, exheilnn for conversation, and, in short, everything was 
aHiembled under oue roof that could contribute to the health of 
the body i*r the recreation of the mind. In the time of the Com- 
nioQ wealth, the public baths were extremely simple, consisting of 
a few obscure chambers, with snnill openings in the wall instead of 
windows, the belief prevailing that darkness helped to retain the 
heat. It is said that the refined descendants of an Etruscan 
King — Maecenas — first introduced the therm» in their improved 
state into Rome; in aftertimes there were no less than eight hun- 
dred public baths in the imperial city alone. The thermae con- 
tained weven principal descriptions of rooms for the convenience of 
the bathers^the Apodyteriuni, a sort of dressing- room, furnished 
with tables and shelves where the bather might deposit bis clothes, 
whicli apartment was also called the Spoliatorium ; sectoully, the 
UnctuaH'im, a smallchamber where oils and perfumes for anointing 
the body were kept; thirdly, the Spbieristerium, where ext^rcise was 
taken to open the pores of the skin before entering the bath, and 
where a kind of game was ]dayed something resembling tennis; 
then followed the Frigldarium, or cold-*bath, which room was gene 
rally exposed to the norths and contained various vessels for wash- 
in|c; next, tiie Tepidarium, placed between the cold and hot bath; 
and beyond, the Caldarium, which vrna the most frequented, aiid 
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was situated immediately above thehypocaustum or furnace. The 
bath waa constructed of brick or masonry, lined with cement, 
and having a margin of stone; the bottom inclined so that the 
greatest deptli was in the centre; it had a ilight of steps leading 
down into it, and was surrounded on three sides by a balustrade, 
to divide the bathers from those who were waiting their turn; the 
windows were placed high, so a« to prevent the apartment from 
being overlookeed from without; flome of the halls were without 
windows; and were lighted by candelabra both by night and day. 
The last room contained the Piscina, or swimming-hath, which 
was, in some of the thermae, of such an extent as to be a complete 
lake of warm water; this constantly ilowed in through a brazen 
pipe, the convolutions of which passed through the furnace. The 
piscina wiis sometimes elevated, so that the prospect might be 
enjoyed while swimming about; it was then called lialinea pensile. 
Another kind of bath was generally contained within the bui1d-> 
ing, for the use of invalids; this was the Laconicum (so called 
frum its having been used in Laconia), or Concainerata sudatio; it 
was close to the furnace, and was a smaR chamber with a domical 
roof, in the aperture of which was a brazen shield, which waa 
raised or lowered lo regulate the temperature; round the chamber 
were niches called Sudaliones, where the bathers placed them- 
selves: this kind of dry bath was much used by aged people. 
There is much uncertainty as to the mode of heating the quantity 
of water required in these great thermie; but the water appeursto 
have flowed from the castella, or reservoir supplied by the aque- 
duct, into vaulted brick chambers, over Che furnace. As the water 
was drawn off m a boiling state from the last chamber, it was 
replenished from the next, only a few degrees less heated, so that 
the heat was never checked by the admission of cold water. The 
wealthy had private bathing apartments in the great thermB?, 
whertf the baths were made of copper or porphyry; many Buch 
have been found. 

The most celebrated thermie in Rome were tho«e of Titus, Cara- 
calla, and Dioclesian. The Baths of Titus are supposed to occupy 
the site of the more ancient building of Miecenas; here were dis- 
covered those beautiful frescoes from which Raffjielle himself did 
not disdain to copy. In order to preserve these paintings from 
being injured by the splashing of the water, the walls for ten feet 
of their height are incrubled with coloured marbles. The Baths of 
Caracalla contained fiflv halls and sixteen thousand marble seats; 
four grand staircases led to the upper story, where the apart- 
ments for exercise and conversation were situated: $86,000 cubic 
feet, or l,BlK),00t) galbuis of hot water were distributed through 
these baths every hour In one of the great halln of the Baths of 
Dioclesian is the c»nly existijig example of the use of the Corin- 
thian and Compo^iite orders in the same apartment: there are four 
Corinthian ctdumuis at the angles of the hf*H, and four Composite 
supporting the vault in the centre; the shafts are of granite, the 
capitals and bases of white marble. From the ruins of the dif- 
ferent therma* have been dug some of the most valuable works of 
art; amongst the rest the Laocoon and the Farnese Hercules, 

Triumphal Arches are undoubtedly of Roman origin, no records 
existing of any such structures before the time of the Comrnon- 
wealth. It was an old custom in Rome, to honour the victorious 
generals with a Triumph ou their return from foreign conquests: 
oil these occasitms temporary arches of wdod, decorated with fes- 
toons of laurel and lowers, and trophies of war, were erected over 
the Via Sacra, the road they passed along on their way to the 
Capitol. On the arch were stationed musicians, aud a tigure of 
Victory «o contrived us to drop a wreatli on the bead of the con- 
cjaeror as be passed beneath: this is the origin of the figures of 
Victory holding out a wreath, sculptured on the spaudrils of the 
arches. Those who had been honoured with a triumph, were natu- 
rally anxious to perpetuate the memory of such an event; and to 
this end caused the temporary wooden arch to be replaced by one 
of stone. 

The triumphal arches erected during the Commonwealth were 
(judging by the representations on ancient coins) simple and 
unadorned, save by a commemorative inscription; but under the 
Empire, they, like evt^ry other kind of building, were elaborated 
to the utmost that wealtli and a sumptuous taste could devise; 
and as the decorntions and inscriptions recorded the events that 
led to their erection, they are not only admirable for their beauty, 
but valuable as histories carved in stone. The earliest in date 
now remaining is the Arch of Titus, erected by the Emperor 
Domitian to record the victories of Titus over the dew^. This 
structure consists of one archway, with an attic supptirted by four 
eng^Lged Composite columns on each front. The colunui.s at the 
augles are returned on the flauk^ where they have a greater pror 
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DEVONPOET MECHANICS* INSTITUTE, 

The great town of riymrmlh, Devonport, nnd Sttinehoufte, Is 
well supplied hv the llberAlity of its inhabitants with libraries and 
int^titutiunB. We liilely described an instilutiun at I'lymiiyth, and 
we n<nT brinfT bffore our Teadern the desija^n fur the extenHion of 
the Devonpurt Mechanics* Institute, carried out under the direc- 
tion of Mr. Alfred Norman, architect, practising in the town. 

The eni^rjiving ^hnws the front towards Duke-street, which, on 
the ground-floor, is surmounted by an entablatyre of the Boric 
order, and is con«trurted of Portland stone. Above this ground- 
floor are twro rows of windows, the lower being gmaller, and a kind 
of base to the upper row. They ara designed to give light to the 



jection than on the front — they project nearly half their diameter ; 
the two columns on each aide the arch stand on a continuous 
pedestal. The opening- of the archway is an exact square to the 
springing of the archivolt; the entablature is one-fourth the 
height of the column, and the attic nearly half the height of the 
order. The whole is constructed of large blocks of Parian marble; 
one of the stones of the cornice is 10 feet in length; the archi- 
trave and frieze are in one block in height; the arch is composed 
of eleven voussoirs; the blocks were originally fastened by inetJtl 
cramps, most of which have been removed^ The archway is 
adorned with bas-reliefs, representing the eonquests of Titus in 
the East; one of these is particularly interesting, the Knbject 
being the sacred utensils, candelabra, &c,, belonging to the Temple 
at Jerusalem, borne in procession at the Trium|>h of Titus. 

The arches of Septimus Severus and Coiistantine, consist of 
three openinjfs, the central one being the largest; they present a 
similar fat^ade on each front, having four detached columns, backed 
by pilasters resting on the same pedestals as the columns. 

In the Arch of Septimus Severua, the arches communicate with 
each other by cross openings. 1 he detached columns have been 
objected to, as having nothing to support, and therefore being use- 
less; the two inner ones are not even siirmounted by pilasters on 
the attic. The statues placed on the entablature remove this 
objection in the Arch of Constantine. The Arch of Be]itimus 
Severua is of the Composite order, and is 76 ft. 4^ in. in hei|rht, by ' 
^8 ft. 2^m. in breadth; the columns* are ten diameters in hei^^ht. 
The openings are lofty; the centre one being nearly, and the side 
ones quite, double their width up to the springing of the arch* 
It is richly decorated with bas-reliefrt, and had formerly a triumphal 
ear on the summit, with statues of the emperor and his two sons. 

The Arch of t'ontitantine is made up oi' parts carried away fn»m 
other structures, which the architect has not even known how to 
apply properly. No artist was found in Rome capable of execut- 
ing the ba^s-reliefs;- they were therefore niost inappropriately bor- 
rowed from the Arch of Trajiin, the !^ubject<^ setting forth the con» 
quests of the latter emperor, instead of tbo«e of Constant ine. 
The structi«ro altogether presents a curious mixture of two dif- 
ferent periods, and of the best and worst tjiste. Amongst other 
incongruities it may be remarked, that the cornice of the import 
has both dentel band and niudilUons, while that of the entablature 
has modtllions without the dent i cuius. 

Besides the Triumphal Aicheii, properly so called, there are 
many, either simply commemorative of some person or event, or 
serving as ornamental gates to a city: such are the arches of Gal- 
lien at Rome, of Hadrian at Athens, and of Trajan at Ancona. 
Speaking of the Arch at Trajan, Serlio says, '4hose who under- 
stand art, are not only delighted with the adrnfrable intelligem-e 
shown in its construction, hut render thanks to the architect for 
having produced a work by which our age may he instructed, and 
may discover the rules of the beautiful." This' arch is small, being 
only 9 ft. 10 J^ in. in width, but lofty; it is more than twice its 
wiilth to the springing of the arch. On each front are four 
Corinthian columns; it is erected on a basement; a bust of the 
emperor is sculptured on the keystone; and the snandrils and 
walln between the columns were formerly decorated with bronze 
ornaments. It was built 116 a.d. 

We have now passed in review the principal public buildings of 
the Romans; and tn the next Lecture, 1 propose to intjuire into the 
DomeTstic Architecture of this great people, though comparatively 
little is known on this subject, owing to the few remains. 

LIST OF AtrTHORITIES, 
VltraHa*— ]>««IIh sod fftll &t the Hoin&n Empirti; Qihbon-<-Archlloctum] Antl^^iiltfcv 
0f B««DO{ Tftflot titii tnf»y— LeiP «dlfler« snOutn^ d* Ruine; t>. »i^«hl*<u- Arcfaiivthitu ; 
Pllladio— ArchiUHtUfft i^ Serlio— KttcjrdojMl* Method lqi4(«_ Am it' nt knd itttdvfn Arch! 
Idcliirvi 0*iib«bMu<i— Kab^rkhfi iinOcho dj Re^oia; Cfprftni'-Vetvuii iltuitr»i«^ llAtlei^ 
AJiU(|y|l6« dc Klimeii Cleru«eAu— IkJLlii of TUu*: Ponc«. 



lecture-hall and galleries. TTie elevation* it will be •eeo. it 
terminated by a cornice, with projecting brackets and eaves roof. 
There are three windows in the width, and the middle one on eacJi 
floor has three openings. On the ground-floor this centre window 
has its openings formed by two Doric columns, the shafts of which 
are rusticatea, in correspondence with the quoins farming the 
dressings of the side openings, and of the two other windows. Tht 
cornices and conswilca of the lower part of the middle range of 
windows support the balconies and balustrades of the upper range. 
In the upper range, the middle window is converted into an arched 
Venetian window, with the central opening of whicii the window- 
head on either side corresponds, having a richly- moulded arch- 
head and ornamented keystone. The dressings are of Portland 
stone, and the re»t of the work of limestone rubble, fac«d with 
Portland cement. 

The interior contains upon the ground-floor a library, (JO feet in 
length by 15 feet in height, and which may be converted into 
three rooms, connected by two large open arches. The end or nde 
divisions only are for books, the middle one being used as a 
museum. On the ground- floor are likewise a dass-room and soin^ 
oflScers' rooms. The upper floor is occupied by the great lecture- 
hall, 61 feet by 46 feet, and 30 feet hi^h, lighted by a double range 
of windows. In the hatl are ]ikewi,se galleries. The ceiling it 
divided into compartments by carved beams, and the walling Is 
finished with an enriched frieze, cornice, and cove. One lftt|^ 
central ventilator, and two smaller ventilators, are made oro*- 
mental. The building was finished Lu the spring of thi^ y^^i 
and the whole cost was about 250i}L 

Ground Plan. 

A, Library; 6, Miiieiim ; C, Library ; D, Class Room; E. Parloor; 
F, StHifCHAc «rjd Scuilery uuder ; G, Kitchen ; H, Suircase leading up 
lo the New Hull. 




Vprttt Plan, 
CoQtalDS the New Hall, with a Ciallery above. The situation for tiM 
Lecturer lA at the Wmdow bet ween the two Staircasei, aad that foe Ibl 
Presideot oppoitt«. The part doI liated ia the old build jog* 
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ROMANESQUE ARCHITECTURE. 

AftfW Mmmirk9 an »ome of ffie Imding pointa of Romanesque Archi- 
teciure. By JA»ti-::s Edmeston, jon, (Piiper read nt llie ^enenil 
meeting of tlie Architectural Association, Lyons-inn Hall, IStli 
Octuber, 1h3(>. 

It hjis not lieen by any means the chief aim in the snhsequent 
remarks^ to enter into Hn historical or antiijiiariun account of the 
riae and development of those architecturnl forraas exhibited in 
the early ecclesiiistical architecture of Jtitly, and which usually 
pass under the name of Romanesque, any further than in net'es*- 
aary for the sake of distinction and elucidation, it is, on the 
contrary, 1 believe, often desirable to escape as much as may he 
from all influences which are not to be found in the art itsell ; to 
think upon, and to view it for inetruction and guidance, a,H archie 
tecturaf students; helieviu^ that «uch inquiries as we have alluded 
to^ too jniniitely followed out, are more proper to the antiiiuarian 
than the architect, and that they tt>o often, to the great lotsH of the 
student, carry away the imagination, and blind the vis^ion to those 
real and lively principles of the art which ought first to claim his 
attention. It ist, nevertheleKs, neces^iary to trace the deveh^pmeut 
of succeeding' forms and arrangements — their origin and progress; 
because, in tracing the growth of the first rude attempts to lite 
latest perfection, the architect learns to understand the inferior 
stages of development, and winsj hia way to the better ^tarting 
point for his own exertions, sees that prugress and onward move- 
ment is the very soul and life of his art, and receivetn hy the study 
a mental discipline and correction that trains his onn mind for 
vigorous exertion, and helps him to throw aside fearlessly the 
trammels of conventinnalism and fashion. 

It ha« always seemed to me tliat the study of those architec- 
tural efforts called Romancs(|ue is, to all these ends, useful and 
well fitted; it is simple and vigornos, determinate and striking; 
hold in its effects; uith all its simplicity, very often artist like; 
often mistaken, yet the production of no paltry and flimsy tone of 
mind, but the solid expression of retd. wants, deeply felt and 
fervently put forth. 

It is agjiin an Cispecially interesting study if it h allowed — as to 
me it appears that it should be — that it shares with the Byzimtine 
the parentage of all the latei styles. Christian and Mahammedan: 
and without staying ior one mfoneut to in(|uire into the vexed 
question as to whence the Pointed arch arose to work itn mission uf 
revolution in the architectural worhl, 1 will claim this fact for the 
Romanesque, that it was throtigh it that society, under its much 
changed and altered condition?!, shook off those chains that boinid 
the art to Chissic models; and that it adds one more bold unan- 
gwerahle witness of the fact, that jytogrem is the life-bh>od of 
architecture; for timt age^glowiug fre§hly with the first benign 
influences of Christianity, and daring to throw aside the beautiful 
forms presented by the Pagan world— thinking and acting for itself, 
led the way to those delightful creations of the later (Jothic 
school; and has thus earned tlie respect of all subsequent ages, and 
deserves well of all lovers of architecture; well merits the student's 
careful attention, and cannot fail to reward him plentifully for the 
industry he nniy bestow. 

Lest any one should think, by the passing allusion above to the 
pointed arch, that I suppose it invented by Hom;tnesque architects, 
1 will simply record my belief that, like the circular arch, it was 
known, nod occasionally by chiince was used, much earlier; that 
the Arabian architect;^ used it first as a general feature, hut that 
for the tiothic Mrcbitects uaM left tlie enviable task of evolving the 
true principles which it contained — of working it out and bringing 
it to its highest perfection. 

In passing, 1 cannot help observing the great advatitagea whidi 
architects of these later times have over their fathers; the arclii- 
tectural ex|iressions and knowledge of cycle on cycle of the world'^ 
efforts in the art, is laid before them for their instruction by innu- 
merable cjireful and talented works on the several subjects; and 
the architect, in a f\^^- years, and in his own btudio, may learn 
more than he could formerly have learnt in as mrnjy IjfetinieB. 
Oh! surely these advantages should never he abii<?ed to the stulti- 
fying and annihilating of his own intellect and genius; but ought, 
on the other Piand, to lie si> many powerful incentives to his fresh 
exertion*) — nourishment to strengthen his imagination lorrenexved 
effort* — beacons to ?how him the rocks to he avoided in his course 
— pinnacles of ambition which he may reach, and fron» which he 
may see a yet unattained world of beauty beycmd^ 

\\y Rnm*nie«irjuP. Oiptl I uoder'^tnTnl that s^ '(» of archlt''ct!in» 
which WH#]iii6ti alter the decUne or itonian power, and the removal 



of the seat of government to Byzantium; and which continued 
until the use (I will not say the discovery, but until the use) of 
the pointed arch led the way to the entire change in Christian 
architecture— till what we call Oothic became prevalent in Italy, 
and long after it was generally used in other countries; extending, 
as to lime, therefore, from the middle of the fourth even to the 
tbirteentb century, for Pointed architecture obtained no certaia 
footing in Italy till after that time. The locality in which thia 
style prevailed was confined to Italy— that is. North Italy and 
Lombardy, and is very distinct from that architecture very properly 
called Byzantine, which was the work of Greek architects, of a 
much more oriental character, and with many disstinctive marks; 
having, in fact. Creek architecture for its basU, as Romanesque 
had Roman on the one side, and the early German Gothic — 
which, in many respects, appears akin, but is nevertheless very 
different-*on the other. The distinctions between the churches in 
this style are chiefly between those built at and near Rome — ^which 
wag for ages a great <poirry, from which were taken not merely 
stones, but parts ^^i buildings, columns, cornieea, itc, to be w jrked 
up whcle into other buildings (and they therefore partook more of 
the old classic models) — and those I^ombard edifices, and others^ at 
a distance from such assistance, and which are therefore more 
defined in style, and give clearer evidence of a step or twotowardt 
the Gothic. 

First, then, let us consider the plajii^ of buildings in this style: 
the earlier ones are found in the great majority — perhaps in all 
cases where Pagan architecture was employed^ — to be exactly that 
of the ancient Basilica, or hall of justice; that Is, a parallelogram, 
or nearly a double square, with the semicircular or octagonal rece«i 
at one end, usually called the apsis — in the court-house, the judgei 
aeat; but in the church, the sacred pljice where the altar wm 
placed, and round which sat the bishops and presbyters. In soiM 
examples the atrium adjoining was retained, as at San Clemi 
near Home, and San Amhrogio at Milan; and which, in appeal 
at all events, would appear la hear some analog)^ to the more mc 
cloistera. In some of the later edifices we observe the transeptai 
arms broken out, as in a Gothic cathedra! ; but by far the most usual 
is the simple Latin plan — though we do, in some instances, see ioine 
examples of the Greek cross; but these mustt in all cases, be pal 
down as the work of G^ i^ k architects^ for the Latin architect» 
ii^ver altered the more ai; i nt form to which they were accuiftoin«L 
And 1 think, bey<md all cpicstion, this simple plan, so much pre- 
ferred by the early Christian church, may be traced through the 
Romanesque to the Gothic; and that there can be no doubt bat 
that it was the excellent basis which lies at the root of all tb« 
variations which that stvie engrafted upon it. This form of plsa 
was used by the early tJ iristians, doubtless, because in many casei 
they found it ready pre ented before them in the already existing 
basilicas, which they easily converted into churches; and secondly, 
because its simplicity w»f^ u!i irably adapted to their wiints — the 
central mive and two i4r aisles: the northern Jissigned to the 
women, the southern to the men; the centre occupied by the choir 
and suh-deacons, then by the neophytes and candidates for baptism; 
and lastly, near the door, by the penitents. 

True, we find this simple plan extended and added to subse- 
quently, though alwffys preserved as the main principle of 
arrangement, particulrly in the neigbboorliood of Home; aod 
those alterations which did take place, as the addition of tninsept«« 
&c., are much the most usual in Lombanly. The single apsda wm 
never forgotten; but others were added at the end of the aialet^ 
then to the transepts; and as the fashion of building chapels to 
tutelary saints became more in v<igoe, they were even broken out 
laterally. In all the earlier instances the floor was level, except 
only two or three steps to the apsis, where the high altar was 
sitilateil- but as the prejudice against burial within the consecrated 
walls died away, and as the Church began to build for itself, w« 
find the introdViction of a new feature in the plan, and which is 
treated witli tlie utmost importance— the crypt, which in these 
edifices appears not as a jdace of sepulture, hi*t as a sort of lower 
church, complete with its altars and shrines; supposed by some to 
ha\e been erected in imitation of the catacombs — those early plftoes 
of meeting, in which the CEtrly Christians were wont to hide them- 
selves, and to carry on their himjde but sincere worship. VV'helher 
this be a mere fanciful hfipposiition or not, what we know is, th«t 
they were prepared for the recejvtion of the bodies of confesi»Ofm 
and' martyrs; and as such were treated with us much care and 
uttentiun as the rest of the chin*ch— not sunk into the earth, biit 
often nwirly on a level witli the floor of the uavc, and with » 
uiiudcr of ste[»H ascend ifur to the choir above {wbi*'h had then 
btcn icoiuwu Uoftki its hr!»t pOvhiUoii ia Uk' ii.i^e)^ just ^a v^e aee ii 
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' Ht Canterbury: it is tliua at San Miniato at Flarenre, and at San 
Flfivianii near Montehaflcone, vljere there is a complete lower as 

|weJl as ii|tper church; at San Francefico at Asfiisi, where thereat 

fBt. Fr&nciii was entonibe<l; at Sao Zenone at Verona, and many 

I uther pJares, 

\ Thii* cuHt^tm of building rrypts and subterranean chapels was 
eontiiiiieil in the architecture of our own cuuntry until the last 
hulf of Ihc eleventh ceutiirv, hut prolmhiy not much later.* 

Considerintr thewe churching in section, we find in the earliest 
examples, arL-iies siirin^nn^ from the capit»ls of the columns be- 
tween the nave arid aisili*s, and carry iii|^ a clerestory; the roofs? in 
all canes uf low |>iti'li, of wtHid, with level tie-beams; the trusses 
near together, ami the aisle -r«Mif geiieraHy of less pitch than that 

[ever the nave, just m we usually see it in our own parish churches. 
The flank walls at first flat, till in the chwrch of^ Santa Maria at 
Toscanella^ erected in the seventh century, we find them relieved 
by piers and archet? projecting'- from the face, and as if formin^j^ 

} recesses in the wall ready for ribs and cro^s fsprinerers, but with the 

froins left unexecuted. Iti the churrh of St, Agones near Rome, 
ijilt a little later, we have another Htep in advance^ for the clere- 
I itory h raised higher, the aisles are i^Toined, and over them are 
' galleries, with a second swries of rolunins and archer over the nave 
' columns, with a balustrade between, forminif excellent and spa- 
cious g^alleries; heiuj^ an arranifementin this style precisely similar 
to that of our own cuthedralti with their triforia. The aiwles, 
although groined under the gallerier-i, are, with the rest of the 
, church, royfed above with wood, which again reminds ua of a prac- 
I tice usually followed by the Gftthic architects. These galleries, 
^ most probably, were for the use of the women, as the triforia have 
j l>een conjectured to have been used by the nuns. In the 
' Cathedral of Pisa, built in the latter part of the eleventh and be- 
' ginning of the twelfth century, we find this arran^^ement magni- 
ficently treated, and with a Rtill nearer approach to the Gothic 
treatment, for the piers are carried through and within the larrer 
larches; springing from one pier to the other, are again two s^maller 
Larches^ with a column in the centre. The pripprtrtiuns of this 
[cathedral are noble and lofty, the gallerleH spacious and most 
^ affective features. The aisles are double, divided with a range of 
I columns down the centre; they are groined, but the roof ik of 
I wood, as in the former examples: and here we find very succeaa- 
I fully introduced the alternate courses of red and white'marhle, a 
fashion just then obtaining — here confined to a cross in the span- 
dril between the nave arches, and to the striping of the clerestory 
and projecting ribs of the groining. The good taste of this prac- 
^ tice is much questioned ; but it has certainly here receivetl the 
unction of a masterly mind, for such must have been the archi- 
1 tect of this cathedral. It rtcenis to me, that aire bestowed in 
I arranging the difl'erent nuiterials in a building as to colour, is 
admisaable, and capable td' adding much to the good effect — though 
much overdone in some of these examples. 

It can hardly be well used over the whole of a large building — it 
ia much better confined to parts which can be easily taken into 
view at once, and is, I think, particularly applicable to circular 
work of any kind. There is a great defect to ne remarked in the 
groining ol the aisles in this cathedral, inasmuch as the springing 
is considerably above the cap of the central columns, so that there 
I b tir»t of alt a sort of pier above the cap, which gives an appearance 
of great weakness; but even at this later period, we find the earliest 
mtJMdel was not entirely deserted, for at San Zenone in Verona, built 
in the twelfth century, there is no triforium or gallery; but a mag- 
nificent effect is got by the well-proportioned simplicity of the 
design, and by the alternate niers and columns between the navo 
and aisles, in thla church, alternate layers of marble and brick 
are used. 

In the Cathedral of San Francesco at Asaisi, erected in the thir- 
teenth century, built by a iierman architect, we find the first 
» example of any importance of the introduction of the pointed 
I arch m Italy, From this time it became always used, with more 
^ or less mixture of the now declining RomaneMi|ue; the effect of 
which is particularly evident in the fine Cathedral of Sienna; in 
which we have the pointed arch with the mixture of Classic de- 
tails, cornices, consoles, capitals, &c., the walls being composed 
of layers of white and black marble. 

The whole of the interiors of these churches were lavishly 
decorated with fresro, mosaics, ike, A great difference is, how* 
ever, observable between the style of declaration which s%nf< fol- 
lowed in the Lombard churches of Northern Italy, and those 
nearer Home. The former are remarkable for great stiffness of 

« in Uic (Ukcu»<toD wbicN itaJowtMi. St. LfloDanl'Ki York, ac||.ureli at Madjfrjr, llerBlor4« 
■kin, And li«i«tur<i CaJU(«dral| mtrv mcnugned lu bm^lsig crjyu of a iutr dui«. , 



design, very gross imagery, grotesque carvings and ornaments, all 
crowded and huddled together, the foliages hearing some analogy 
to our own e>*rly Norman, and by no means equal to the Byzantine 
of the same date. The latter are much better in arrangement and 
drawing; their excellence, however, is only comparative. 

In the earlier Roiniinesi|ue churches^ ihe exterior effect would 
seem to have been deemed of an importunce altogether secondary 
to that of the interior, presenting often little ehe than bare walls, 
with few and ilKarranged openings. After a while, however, we 
find these nmde more important, and the exterior walling broken 
into piers and reces^esT particularly the apsides, ^vhich were deco- 
rated with long narrow three-quarter columns running up to the 
eiives. But a much more decided attempt to gain an effect is made 
hv the introduction of arcades or passage-ways in the thickness of 
the wall, particularly round the apsides, immediately beneath the 
eaves, as if for a passage-way from one gallery to another, w-ithout 
the necessity of entering the* body of the church. This is the case 
with two of the churches at Pavia, ?an Fiediano at Lucca, a 
church at Arezzo, &:c. The Cathedral of Pisa has an arcaded 
facciata of no less than four tiers, as also has San Michele at 
Lucca, and Santa Maria at Arezzo. These arcades might, per- 
haps, have been used as a sort of cloisters, though hardly very 
much retired; and, from their elevated and commanding situation, 
much more calculated to enliven and delight him who walked 
therein, than to lead his mind to those 'juiet and abstract contem- 
plations which would be more congenial and suitable. 

If not for some practical purpose of this kind, I am unable to 
determine what may have been the use of this oft-repeated 
feature; where sparingly used in the towers and apsides it is very 
effective, but in some* of the examples above cited, it would 
appear to be overdone— to he made too distinctive, so that the 
outer wall is made nothing less than a screen to an inner one; 
whereas, if treated as part of the external wall, the relief thereby 
given to it, and the solid effect, the depths of shade, and ooints of 
bright light, consnire together to assist the effect of the whole 
very advantageously* 

Jn the fa;ade of San Pietro at Spoleto, we have an instance of 
a style which has been very antly called the ^'' Cobhict AY^e," a 
style which 1 think has never wholly become obsolete, but ia occa- 
sionally followed even in this day. It may he called the climax of 
un-architectural effect. Bad proportions, bad arrangements, and 
bad construction, are all, of course, un-architectural; hut still a 
building, with all these faults, may have more of the architect 
about it than a building in the style' now alluded to. It may have 
what this style really wjints — some leading idea and purpose, some 
fine and poetic notion, even let the result fall never so far short of 
the achievement it proposed to reach. Here we find a nearly 
ec[ual surface fi>r the fat^ade, ^^ith certain square lines ruled upon 
it across each other, so as to form the most prim and severe-look- 
ing panels ; in them are set ct rtain circular windows, doors where 
needed, and surrounded by a profusion of laboured ornament and 
decoration; each part utterly discordant with the rest, and the 
whole very ingenious, but telling most significantly of efforts pain- 
fully abortive, as far as regarded anything good in the ultimate 
effect, being after a manner which would he much more suitable 
to the inlaying of a work-table, or any other similar piece of furni- 
ture, than for a work of art of a nature so much more exalted as 
Architecture, And the architect who neglects truthfulness, who 
seeks to hide construction, who fears too mycb to show the ana- 
tomy, so to speak, of his design, is in great danger of falling intti 
such a stvle as this, 

What,'then, beyond the mere appreciation of detail and general 
arrangement— or' tw trr*a, the lessons to be learnt from bail 
detail and arrangement — is the profit to be gained from the careful 
study of the architecture of that period and country now under 
consideration? The study of detail is useful; but far more im- 
portant is it that the student should seek for principles — the priii- 
ciples which lie at the root of all the details and forms which out- 
wardly appear as the results of those principles; growing upon 
them, and the whole succeeding or failing, as the first baisis is 
justly founded or not. 

Now, in this style we obfterve the transition from the Classic to 
the architecture tnown as Gothic — that is, from a mode of treat- 
ment the virhole life and soul of which is continued in the suc- 
cessful applicutioM of lengthened horizontal lines, nnd of figures 
bounded by such parallel lines, to another mode of treatment 
whose very essence is contained in the like use of lengthened ver- 
tical lines, and of figures hounded by such lines. This beiu"- a 
style of transition— for the Classical treatment was wholly unsettled 
by the use to which the circular arch was put in this style, andm> 
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jet the fCfent principles contatned in the pointed arch laf dormant, 
— we find a mixture of the two principlea; and to this we 
may nttrihute that unsuecesBfiil and unsatisfactory effect which, 
notwithstanding the gom! points we have been able to allude to, 
g^enerally marks the style; and it is well worth the trouble of a 
patient study, if we may demonstrate from these examples that 
any conjunction of these two principles, so perfect in themselvea 
when kept apart., cannot succeed — ^Ihat they will not assimilate. 

In these times, when, happily, there is a det§ire and purpose 
abroad to escape from copyism, and attempts at positive re-pro- 
duction, it is of the utmost importance to determine what may 
and what may not he fittempted with a fair chance of success; and 
In the study of earlier styles to this end lieia the g^reat advantage — 
of consequence infinitely (greater than the minute differences in 
the contour of a set of mouldings or the style of foliage, decora- 
tion, or Indeed anything else subordinate to the great radical 
principles which must lie at the bottom of the superstructure of 
ideas, even though^ perhaps in great part unsuspected by those 
who «et up the edifice of mind and taste. 

In all the earlier history of Architecture, in all countries and in 
all ages, we find that it is the natural offspring of the social con- 
dition, circumstances, and bias of each nation, and the strtmg 
expression of those feelings and tendencies which had most weight 
and were the most prominent features in the national character. 
Nothing, indeed, could be more natural than that it should be so ; 
for whether a nation would express the glowing fervour of reli- 
gious enthusiasm, or the towering pride of warlike ambition ; 
whether the voluptuom luxury of careless ease and inaction or the 
chaste and pure breathings of a lofty philosophy and elevated 
poetry— 'to what can it Hy more suitahle to express and show clearly 
to the world such marks and features? to what, in the range of 
art, so capable as Architecture to bear such impressions, and to 
proclaim, them intelligibly t«i all behulders? Thus waa It in Egypt 
and Greece. Had the social state of the Greeks been less highly 
polished and refined, their intellectual culture less, and their reli- 
gious feeling more, should we have had their architecture? Had 
the fervid and enthusiiusttc, yet seclusive and predestinating, reli- 
gion of Mahomet found no followers, should we have had the 
quaint but poetical Moresque? Or, turning to the deligbtful and 
refreshing picture of mediieval art, from whence should we derive 
its peculiar and individual expression but from the pure and holy 
standard of the Christian religion? the whole overflowing with a 
loftiness and aspiration of idea which was never previously seen — 
was never called into existence — simplv, because then, for the 
iirst time, had those particular stimulating necessities arisen; 
the fountain of thought then bubbled up from another regiun, 
flowed down from a different source, and nourished a different 
landscape into beauty and loveliness. 

The characterbtlcs of this age in our own country, in a secular 
point cif riew, are the luxuriousness and magnificence produced by 
the influx and accumuhtion of increasin|^ wealth in individuals 
and noble houses; a rapid spread of invention and scientific diK- 
co very; great and increasing national power and resources; a 
peaceful industry and love of peaceful arts, but an energetic 
resistance of all aggression; a great pride of country and love of 
home; and desire for national pre-eminence, to be gained rather by 
solid institutions and sumnd government than by force of arms or 
polititml intrigue and chicanery. If Architecture, then, had been 
allowed to have the guidance of its own natural laws of progres- 
sion, it mii^ht be perhaps supposed, with some show of reason, that 
a national style would have grown into strength and beauty; which, 
preserving the treatment peculiar to the mediaeval stvles, would 
yet have been influenced by the refinement of the Greet, tinctured 
to some extent with the ornamental profusion of the Roman: a 
style bold and massive, rt?sting for its etfects upon solid proportions 
rather than upon detail^ — ^mowt likely with a leaning towanls the pier 
and arch treatment rather than to the columnar; different from all 
that had come before, and as English as our shtpti, our laws^ or 
ourselves. 

Yet, should such a thing ever come to pass by the lesson before 
us, we see that It never cnuld be done by any incongruous mixture 
of old examples and styles. "Viliat we must look fur to realise any 
great change is some new principle — some great main idea; and 
should such be discovered, then, without difficulty or effort, we 
should have a new and national style. Till then we may rest assured 
that the great principles alreatly knoun to us admit of many 
appllcatioUH different from those that have already appeared, and 
which will doubtless reward a patient investigation. And we shall 
do well to abstain, not merely from copying, but frum gaining 
originality by any claihing mixture of old styles: the result may 



very poisibty be quaint, perhaps with some merit; hut could never 
become a style, and never be beautiful, because always imperfect. 

I think we may also receive some instruction relative to that 
which is an important consideration in modern church architec- 
ture — ^namely, bow to introduce galleries. 

It is very generally conceded that in our crowded cities, it is impos- 
sible to keep galleries out of our churches; and, indeed, I know 
not why it should be thought desirable to do so, for in a Protestant 
church, where hearing quite as much as seeing is the requisite, it is 
a ready means of bringing a great additional number within the re- 
quired distance. I helieve, if treated as a mere piece of cumbrous 
furniture, a mere stage put up without connection or any harmony 
with the rest of the building;, that it must always be wholly unsuc< 
cessful and unarchitectural. If, however, treated as in some of 
these churches (St. Agnes, for example), there isnosuch objection — 
no such fault to find. In a Gothic church, put — as we usually see 
it — where it ought not to be, it is obtrusive and unpleasant, la a 
church of Classic design — ^as we usually see it— It has the appear- 
ance of an inharmonious erection in a d is proportioned room. But 
only let it be above the arches between the aisles and nave; only 
let the lines of the nave be continued up to the roof, the gallery 
not interfering with it — and the whole is compact and propnrtion- 
ate The beauty of the Basilica plan, whether applied Gothically 
or Classically, is the just proportion between the aisles and nave — 
the unbroken height of the lengthened vistas, and the effect, i% 
wholly lost if all be thrown open together on the one hand, or 
choked-up with carpenter-like contrivances on the other. 

I doubt not, with a little care, galleries might assist the general 
effect. Instead of the contrary, as at present; and still retain their 
acknowledged qualities of usefulness and saving in expense. 



MR, STEPHENSON AT BERNE. 

Thb Swigs Federal Council have certainly pitched upon the be^t 
expedient for settlln;^ the Important question of their sy^^^tem of 
railways, by calling Mr. Stephen>w>n to a sort of professional consulta- 
tion. Mr. Stephenson, accompanied by his assistant, Mr. Swinburn, 
had the whole mass of plans^, sections, and estimates laid before 
him, as well as statistical tables relating to population, the amount 
of traffic, ike. The English engineers, accompanied by M. CottO- 
cillor Naff, have also made a tour of inspection through the east 
and middle of Switzerland, and are about yt proceed to the oev 
nrojected lines of the west. As far as the opinions ezpre^ed by 
Mr. Stephenson have become known, thev are as follow. He does 
not think it advisable tu cover the whole of Switzerland at oaca 
with a network of rail, but to beg n rather with a few central lines, 
which would bisect the land from east to west, and north to south. 
These are to be undertaken by the federal government, while the 
branch lines, which have subsequently to connect those main arte- 
riee, are tube executed by the sinj^le republics f cantons) 

Mr. Stephenson has been gratified by the geological fact, that in 
the directmn contemplated (that of the equator and the meridian), 
the longitudinal stream valleys of the Alps are favourable to the 
project, whose rise and fait do in no case exceed I in lOQ. 

In a financial point of view, it is Mr. Stephenson's opinion., that 
the les» capital employed, the greater the dividends are likely to 
he. He proposes, therefore, ordy single lines of rail; with the 
avoiding of costly tunnels, viaducts, cuttings, &c., and the' accom- 
modation of the line to the most adapted tei rain of valleys and 
the slopes of hills. Further surveys nave been made at &aueiv- 
stein, according to which Inclined planes and compensation engines 
are to be put in operation at Laufelhngen and Trim bach, and the 
tunnel of 25(KJ yards in length, projected by M. Meriaa, is to bt 
finally executed. 

It has not, however, been Switaerland alone which baa honoured, 
on this occasion, the t*in^Ush engineer with particular confidence: 
the King of Sanlinia ban also commissioned M. Negrelli to meet 
Mr. Stephenson, for the purpose of consulting with him on the 
projected new lines over the Alburn, the Grinisel, and the Bruning. 
Mr. Stephenson seems, however, to he altogether averse to the idea 
of the gigantic tunnel — if anything can be called gigantic becauae 
it is impossible. Even the Lukmanier tunnel of 17,000 feet, aeemi 
to him an adventurous undertaking, and he prefers the passing of 
the mountain at St. Maria by means of compensating engines and 
covered galleries. It is, therefore, easy to foresee what Mr, Ste- 
phenson will say to a project, by which the passage from Domo 
d'Ossola into the V^dais is to be effected by a tunnel of one-quarter 
of a league ,* that of the Grimsel bv one of half-a-league; and the 
Bruning by one alio of one-fourth league in length. L. 
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ON DEDUCTIONS FROM METEOROLOGICAL 
OBSERVATIONS. 
On Dednedan* from Metmrfthgtail Ohservatinnn, Bf John Dbbw, 
Esq., F.R.A.S., Meraber of the Council of the Bntish IVIeteorolo- 
^cal Society. 

( excluded from paf€ 312.) 

Mean Temparntnrt. — Dmmal Range, 
The mean temperature of a month m year has heretofore been 
lionsiilerecl the arithmetiail mean of the higheRt an*! Joii'est read 
ings of the thermometer recorded diirinw- that period; thus it w«s 
thouprht, that if the maximum and minimum readinps were added 
tog-ether, and divided hy the number of observation!* tiiken during 
the time, the re!*ult would be the mean temperfiture for the period 
through which the register extended. Mr. (ilashier has shown, 
however, that thj8 estimate would be too high by a quantity vary- 
ing with the month during which the ohservatTons were taken. 

At the Royal Observatory, Greexiwiiib, meteorological observa- 
tions have been registered since 1840, every two hours, throughout 
the day and night. If the timee of observation are taken as 
ahseiBas, and the temperatures he projected as ordinate^, that jb to 
say, if a sheet of paper be divided into 24 pjirt«, each repreisent- 
tng an hour, and at each point perpendicuinrn he erected which 
shall he nroportioned to the temperature of each hoiir^ the line 
joininar the upper extremities of these perpendiculars will repre- 
sent the variation of the temperature during the dav; the mean 
temperature will be represented by a straight line, which wOl cut 
off with the curve equal areaa above and below. 

In like manner, if the mean temperiiture of each month be pro- 

1'ected, the nwnn temperature of the year will be repre^nted by a 
ine which sihall satisfy the same conditions. « 

In the Fhilosophical TranBactions, Part I. IfttS, may be found a 
japer by ^^Ir. Glashier, *'On the Corrections to he applied to the 
Monthly Means of MeteoroloprJcal Observations, taken at any 
Hour, to Convert them into Mean Monthly Values." In this he 
ha« shown, that to the mean of the observations taken during a 
month at any hour, a certain correction must be applied to deduce 
the mean value for the month. By a careful comparison of fiv*- 
years' observations, he has been enabled to tabulate these ijuanti- 
ties, Rt> that henceforth by applying them, the mean monthly value 
may he deduced from observations taken at any one hour during 
the day. Since the publication of these results^ he has extended 
his comparison through a period of eighty years, during which 
observations on the temperature have been made at the apartments 
of the Royal Society, Somerset House, all of which he has taken 
the trouble to reduce; and he has found the same law of diurnal 
rariation to hold good. The application of his corrections gives 
true results from the Oxford observations, and seem applicable to 
all places inland; but whether exactly the same quantities will suit 
every place in England, especially those on the coast, admits of a 
doubt; they certainly must be altered for Dublin, and for this rea* 
lOiif that the maxima and minima of meteorological phenomena do 
not occur at the same hour of the day, as at Greenwich; and the 
apex of the curve projected as above, denoting the highest tempe- 
rature, is much more pointed ; in other words, the greatest heat 
during the A^y is attained more suddenly^ and declines more 
rapidly at Dublin than at the Royal Observatory at Greenwich. 
At the latter place, twice during the day, the mean temperature of 
the air is at its mean value, and these times are as follows in the 



p.m. 

p.m. 
p.m. 

P-JS. 

p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 

At these periods the temperature changes very rapidly, or it 
I might be advisable to take ohservations at the times above specified; 
" but unless this were done with great precision as regards the local 
time, a small error in that narticular would introduce a large one 
in the observations: it is, therefore, recommended, that the times 
of observation should be those least liable to interruption, and that 
they should correspond most nearly with those at which least 
changes are taking place in the elements, which times the tables 
vill show. 
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If the mean of the daily registrations of the maximum and 
minimum thermometers be taken, the following quantities must be 
subtracted to obtain the mean temperature for the month: — 

January O'T' April I ¥* Juljr \^ October V<f 

FebniJiry 0*4 May !'/ August 1*7 Novr«b«i- 0'4 

March 1*0 June Ml S#pirint>er I'S Dec«fnb«r On 

We have thtia, then, two entirely independent methods of deter- 
mining the mean temperature, which mutually check each otiier. 
One, from the mean of the highest and lowest readings of the 
thermometer minus the above quantities; the other, by applying 
Mr. Glfiisher's corrections to the observations taken at any hour 
of the day. The first publication of the liriti!*h Meteorological 
Society is a reprint of tnese tnblcH, with the addition of another^ 
showing that the amount of cloud is also subject to certain laws^ 
and that the obscurity ^yf the Rky has its maxima and minima and 
mean amount as well as the temperature of the air. Not that 
these are the only variable elements in meteorological inquiry 
which obey definite laws; the mercury in the barometer fluctuates 
daily above and below the mean pressure, wliich may be ascertained 
by the application of the tabulated corrections. Four times daily 
the reading of the barometer is at its mean value: these times in 
the several months are as follows: — 

h. m. h. m. h. m> 

iDJauary at mldn'ght at ?> u a.m. at 40 p.m. a«d at & p«m. 

In F'Oruary at mldnigbt at 8 B.m. at I 4(^^t p m. au^l at 6 !l2n p.m. 

In Marcb at mJilniKht at 7 35 a.m. il; L .V* ^r-fn. and nt ^ (» p.on. 

In April at 1 a.m. at 6 40 a.ti». at 1 40 ^. and at 7 JO p.m. 

In 51 ay at I () a.m. at S '2U aju* at 1 p.m. and at 8 p.m. 

Zrtjiin« at mldnlgbt at 4 W a.m at I 4'i p.m. and at 9 t.^ p.m. 

In July al 1 a.ni. at A 2$ a.m. at I 4U p,m an i al S 45 p.m. 

In Aufuit all 0am. at 7 a.m. at 1 ti>p.m. and at 7 .Ifl p.oi. 

In September at 1 « m. at 7 30 dm. at I ili p.m. aikd at 7 p.m. 

Jn Oc'ubrr at '2^ a an. at 7 AO a,m. at 1 \ii p.ou ana at 5 p.m. 

In r^oTambrr at I 40 a.m. at H ju a.m. at II 40 p.m. and ai h ASt p.m. 

In Iirecmlxr at U 46 a.m. at 7 40 a.m. at •&& p.m. and at 6 .V p.m. 

By the application of the quantities* in the tables, all of which 
have been deduced from observation, the following phenomena may 
also be reduced to their mean values:^ 

1. The mean depression of the temperature of evaporation 
below that of the air at the height of 4 feet above tfie soil at every 
hour in each month. 

2. The mean depression of the temperature of the dew point 
below that of tlie air. 

3. The corrections to he applied to the monthly mean elastic 
force of vapour, to deduce the true mean elastic force of vapour 
for the month from the observations taken at that hour. 

4. For the mean quantity of aqueous vapour in a cubic foot 
of air. 

5. For the mean degree of humidity. 

6. To the weight of vapour in a cubic foot of air. 

I tnist that the explanations 1 have attempted will show that 
some profrress has been made in the study *>f Meteorology, and 
will convince iihservers that their records may be of service in the 
cause of science, that they will excite an intereKt in inquiring 
minds, and direct their energies in a useful channel. It is incum- 
bent on the engineer not to neglect the science which may assist 
him in supplying the increased demand for one of the necessaries 
of civilised life. The medical practitioner — the recognised guardian 
of the public health — the mariner, on whom rests the responsibility 
of preserving -life and property in crossing the ocean, and whose 
experience has taught bim the necessity of marking atmosplteric 
changes, cannot, with safety, disregard the science of Meteorology. 
The Britiish Meteorological Society is intended to form a depot for 
the valuable observations of the ofhcers of the navy and mercantile 
marine; and that society will, I apprehend, soon enter upon some 
systematic arrangement for the purpose of gaining over such intel- 
ligent and competent allies. The agriculturalist is deeply interested 
in our progress, in order that his skill may be exercised in develop- 
ing those natural product! on g which are best suited to the climate 
of the count r)'' he is called to cultivate. On this latter point I may 
appropriately i|Uote the words of a late writer in the Royal 
Ap^'icnltural Society's journal, who has taken up the subject witii, 
great ability in an article 'Un the Climate of the British Islands 
in its Eifects on Cultivation,' 

■■'(If what avail, then^ it may be asked, is the knowledge of such 
a subject.^ That we nuiy bend to the power we cannot control, 
anil learn to adapt our culture to the capabilities of the climate' 
indeed, climate is the ruling principle of agriculture — the law 
which governs the productions of different countries; and he who 
yields the moat enlightened obedience obtains the largest reward/' 
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For the guidance of those who are Interested in meteorology, I 
subjoin the re&ultii of my abtf6rv»i[onB for the last quarter, iu the 
form in which I ufiuiiHy print them for private distribution. 

Results deduced /rmn Metemvhgicai Obsen*a(wns* 

TtktD It Mr. DREw*sObierritory, Cumb«rUnd>pUce, Southimptoni 

At 9 a,ni^|3 p.m^. tnd 9 p.m. dtilj, duritig the monthi of ApnU Mty, tad 
June, 1850* 

L«tltiirli .VO dc^. 54 mla. 54 tec. North | Lon^tude In ttfueOh. fim. 377 bn., We«l. 
Height of B«ro(n»ter itboTc tbe idfao Irtrel of llie Mft, A6 ktl^ of tbe Tbrrmocaeter* 
Bi»wt iht groand 4 fiwl 9 lochct : up««t North, 
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For the eirplanatl^n of the mode of dedodnr the meaa tempefature, t«e Iff. OLi» 
ibJer'i paper Id tlie Phlloiophicel TraniacUoiit, part L» ItMd. 

In ettlioailQ^ the amount of wind* a calm te repreaented m 0, a gale 6. 

Id eetlmetlDg ihe portion <)f the tky occupied by cioodi. a bloe ilry le rtpreaeolcd b/ 
0, a cJi^iuderl iky by lH, at the iloie of obaerratioa. 

In the deiluced reeulu, which wilt he fDund (iieful for comparlnir the cllwiate of Souih. 
ampton wkh thoic pUcet from which report! are sent to the Ite^tiirmr.GFiieral, the EJaro* 
meter reading ^ when corrected, m»y be considered me ahowttig the nbeolute f^tlght of the 
mercury et ■ mean triuvereiere >•} .'^^ de|t., mtter the eppliceitoi) u{ varioui correct looft, 
IPclkitJIng one which reduce* It to the Eofal Socirty'i ttiinderfl, wiJh which the butru- 
oieQl baa been compared i hot no jrcrluct^ou of the aea leyeJ hae beeo applied. 

For a full expln nation of the ear] out deductlooa, aee Olaahter'a UjrpocDetHcal Tablet r 
an<l the Report of tiie Roryal Society on Meteorolof y. 



THE GOVERNMENT AxNO PUBLIC ENTERPRISE. 

Wb have often had occasion to point out the manner in which 
the public interestit are sAcriliced by the gtivernmeut, luoro par- 
ticularly as affecting public enterprise,- hut we know few instances 
more flagrant than that of the claim of *^ foreshore.** In a sand to 
he embanked? — a harbonrconBtructed? — or a river improved.^ — in 
steps the claim of some frovernment board fur whatever land may 
he recovered. This obstruct! vtj policy provea fatal on maoy occa- 
Btons; and the most valuable enterprises are abunduned. If the 
g"overnment really represented the public^ and diticharged the 
dutreM incumbent upon it, it would be the most proper agency for 
taking charge of land reclainicd, for the very simple reason that 
the government woukl, agreeably to its duty, recover every portion 
of surface which could tie made contributory towards the national 
subsistence. The government of Holland thus take« charge of 
the defensive works, and from time to time reclaim* large tracts 
i>f land, as is now going on in the Haarlem Sea. The government 
of England does nothing of the kind; no public work of reclama^ 
lion dues it carry out* from all doe?> it take toll if it can. Not 
content with mismanagement of the houses, woodu, mines, arid 
landri belonging to the public domain, it «et^* up a usurping claim, 
that all reclaimed land and the whole furcKliore belongs to the 
crown; whereas, hiRtorical evidence abundantly provtja that the 
urowri could have rio Kuch rights, and that if any «uch existed, they 
belonged to the towui^hips, the community at large^ or such mem- 
heriA a^ ttmk possesision of waste and reclaimed it. By land, 
the public rights are contested by the government; and by river 
and sea the aame invasion extends. If Stephenson proposes a 
bridge over the Menai, or Brunei one over the Severn, the Admi- 
ralty steps in and prescribes conditions supposed to bo impossible 
of fulfilment. Indeed, the conditionn prtjposed to Robert Ste- 
phenison might have figured in the Thousand and One Nights, or 



the collection of the Comtesse IXAnoifli, ai those proffered to ftome 

laborious gin or subtle fairy. 

The reclamation of land is proposed in the Wash, Morecambe 
Bay, the Duddon, Loughs S willy and Foyle, the River Dee, 
Langiton Harbour, and many others. Yet, who knows of anv 
countenance given by the government to undertakings whitsh will 
add to the country one hundred thousand acres of the richest soil, 
and yield food for nearly half-a-million of people? The Norfolk 
Estuary plan, now at length about to be begun, requires only a 
relatively small capital; but bo far from the government contri- 
buting toward;^ the fundij, it ha« been the obstacle in the way of 
their being raised The corporation of Lynn contributes 60^000/*, 
the landowners of the neigh bourhaod a large sum — but what dt>eB 
the government contribute? Here, six and thirty thoustand acres 
will be brought under cultivation, and the cultivation and navigs* 
tion of millions of acres in the upland will be improved. This is 
a case, one would think, urgent on the government of a rich 
country, and which levies such a large amotmt of taxes for trnpriK 
ductive purposes. 

Look at Birkenhead. There the government actually attempted 
to mulct the parties of 100,OUO/., although it had refused to c^mtri- 
bute a halfpenny towards the. reclamation of the foreabare to 
which it propounded a title. 

In the instance of Morecambe Bay — which, though not the 
original project of George Stephenson, remained his favourite 
undertaking to the last day — when It was proposed to redaEm 
above thirty thoiigand acres, and when even the freeholders and 
lords of the manner had given way; when the Duke of Bucdeach 
and the Earl of Burlington had given their sanction, the twogovem- 
ment departments of the Woods and Forests and theE^chyof 
Lancaster, each set up a conflicting claim to the whole, and the 
Admiralty interposed to set up hindrances. All the noble lords, and 
others promoting the undertaking, could get from the gorernroent 
was, that they might reclaim the land if they got the €^onsent 
in parliament of the ^Voods and Forests, the Duchy of Lancaster, 
and the Admiralty; and the government would then see what tl 
would take as its share« This was so futile that the promoters of 
the plan were at that time forced to abandon it. 

The result was this, that whereas an embankment carried right 
across the bay would have borne a short line of railway, and taken 
in a great area of soil, the railway actually made has been succe^ 
sively altered in its plans, so as to hug the land, and sacrifice the 
original objects of the project. 

Lough Swilly and Lough Foyle present no more encouraging 
results. A couaiderable sum has been expended; but though a 
small amount of government aid would ensure success, the under- 
takings remain in abeyance. Solvent contractors are willing, oo 
low terms, to execute the necessary works for embanking the slob; 
but in the depresriion of all public undertakings the company 
cannot obtain capital, and the government will not lend it. 

At present the government is engaged in a long Chancery suit, 
to wrest from the Corporation of London its long-possessed jurisdic- 
tion over the banks and bed of the river Thames; though no one 
thinks the government would manage the river better than the 
corporation. Indeed, had the latter the proper powers, it might 
effect the embankment of the river throughout its course, and 
remedy evils which are attributable solely to the obstructiveneM 
of the government, which does not leave freedom of action to the 
corporation. 

Half-educatod politicians may doubt the value of railways, 
canals, docks, harbourt*, and other works*, which they consider only 
promote distribution ; but they are forced to allow that every acre 
added to the surface of the&e islands is an addition to our means 
of production. To increase these means of production is one of 
the first duties of a community and a government: and no prac- 
tical man who has ever examined the quest Jon fails to recognise 
that abundant opportunities exist for the proper application of the 
lubour and resources of the nation on many parts of our coasts. 
So long, however, as the fictions of lawyers, and the unfounded 
claims of government departments are allowed to stand in the way, 
these resources mu»t remain in abeyance, and the progress of 
improvement limit itJ^elf to the single' or few fields reclaimed by 
tlie lundowner, who is not forced to come into contact with the 
government or the legislature. The present state of matters 
constitutes a grievance which prevents the application of hydraulic 
engineering and the development of the national resources. 
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ORDNANCE SURVEY OF SCOTL.4ND. 

OtTR attention hm been called to tlie present state of tbe Ord- 
nnnce Survey of Scotland, by ft very able article in our Edinburp-h 
contemporary, the Scotmian^ and it induces us to clmm tbe public 
consideratii+n on a matter of very considernhlo professional inte- 
rest. In London we have been interfered with by the military sur- 
veyors, and, it ii now known, to the public prejudice. Those who 
objected to it at that time were comidered fnctioua, and perhaps 
we mtkf he «o called for referring to it nuw, but there are too 
many commiissionera and jobbera at Jar^e nut to make us wjiry; 
and we think it necessary to warn the public, from the experience 
of the pnist and the example of the present, nifains*t trusting any- 
thing more than they can help to the dirertion of the jE"tivern- 
ment and its boards. Edinburgh and Scotland are not belter off 
than London—the Ordnance Surveyors are behind time; and if the 

§ resent course is to be followed up, there is no teflinii^ when the 
^ urvey may be completed. The British Association in its meetings 
in Scotland has had stime influence in urpnij ihe Ordnance to the 
work. Every meeting is marked by impatience at the non-com- 
pletion of the Survey. In iSSi, sixteen years a^o, when the Asso- 
ciation formerly met in Edinburi^k they urged thi« question on the 
attentiim of the government; and we must own it marks a degree 
of apathy to the wants and interests of the country, that in 18^0 
A meeting shf*uld have again to mo\'e on the same question. In 
the ^^ Synopjiia of llecommendationH" handed to members on the 
last day of tbe Association, was the following notice: — 

"That a committee, consisting of the President, tbe Duke of 
Argyll, Sir R. L Murchiaon, Professor J, Forbt^i, and Lord Breadal- 
bane, be appnintcd for the purpose of urging un her Mnjesty's 
povernmeni the completion uf the Geogra|)hic;il Survey of Scot- 
land, as recommended by the British Association at their fdrmer 
meeting in Edinburgh lA 18SI." 

Those who know what government boards are, will not eiqject 
too much from this strong hint; and the Sc4fUttmH particularly 
remarks this, and urges the necessity of public bodies and private 
individuals following up the demaml It says: 

*' Notwithstanding the well-known energj' and influence of the 
members of the above committee^ the last line of the resolution 
does not permit us to hope that it will effect much good, unless 
followed up by similar and more continuous effurts on the pitrt of 
other individuals and public bodies. Had the sixteen years that 
have elapsed since the former recommendation been rightlv em- 
ployed, this resulution would not have needed to appear in the 
proceedings of the Association/' 

No one will be surprised to learn that in sixteen years nothing 
has been done* A great part of the map might have been com- 
pleted, ajid tbe remainder so far advanced as to give us some hopes 
of living tn see its termination. Instead of this, only a h^w sheets 
of one county have been fiiii>ibed; and at tbe present rate of pro- 
gress, it is computed half a century will be required before a com« 
fdeie map of Scotlsuid is produced. The Ordnance Survey of Scot- 
and and the British Museum ('atalogue may perhaps be finished 
at the same time; and if not out of date in their enrlier portiuns, 
be of use to our greul -grand children. 

We are informed, that all the great system of triangulation is 
completed, and that the work wlijch now remains to be done is 
merely the filling-in of the subordinate details. Every budy knows 
men capable of performing this work can be procured in any num- 
ber, and for very moderate pay — ^as the Ordnance Surveyors of the 
metn'poljs, the corporals and privates, can give evidence. 

The way in which this system of management works is roost 
sickening: it not only does not the good it professes to do, but 
hinders others from doing good. Our contempnrary gives flagrant 
proof of this. He says, the Government Survey is the great bar- 
rier to any attempt at the improvement even of the local maps* No 
publisher dare venture on the expense of a new survey, or even on 
a thorough collution of the existing materials for correcting the 
map, with the fear of a government map before his eves. We 
agree with him, that private enterprise would long ago tave pro- 
duced a more ]>erfect map, and that the specuhition would have 
been successful, liad not tbe public survey stood in the way— like 
the dog in the manner, neither eating itself nor allowing others to 
do so. Were it lully understood the Scotch are to have no 
guvernment map for the next twenty years, even yet private enter- 
pnt>e would undertake it; but no publisher is safe in surveying 
even a sin^He county or correcting a single sheet of a map,' In 
example of this is quoted tbe case of tbe survey of Edinburgh, 
by the Messrs, Johnston — which was no sooner completed on the 



government scale, and the first sheet published, than the official 
surveyors were brought down from the extreme south of the king- 
dom, and the whole work begun anew at the public expense. 



THE SHIPBUILDING TRADE OF LIVERPOOL. 

Liverpool is forced to be great, not only by her own progress, 
hm by the rivalry of Birkenhead; and the public can never be sur- 
iirised to hear of any gigantic enterprise in which she has engaged. 
Her dockg and warehouses are among the wonders of England; 
but she contemplates new works, on which the Liverpool Timet 
speaks at length; — *'No one can read/* says our contemporary, 
*Uhe evidence taken before the Committee on Shipbuilding with- 
out perceiving, that in obtaining the indispensable object, of a 
stiflicient supply of dock accommodation, we have sacrificed the 
liighlv-desirable object of s snflScient supply of accommodation 
for snipbuilding* The only manner in which these two objects 
could have been combined without forming a great number of new 
di»cki, and setting aside new land for the shipbuilders, would have 
been by adding to the real amount of docK accommodation, by 
building wai'ehouses round the already existing docks, and by 
introducing other meaus of economising dock space, connected 
with that grand improvement, and altogether impracticable without 
it. Had this been done when it was proposed by Mr, Eyre Evans, 
not only might CfUcutta ships have been discharged in three or four 
days, instead of three or four weeks (as Mr. J, A, Tobin says they 
now are), hut all other ships might have been discharged at tbe 
same rapid rate. Thus, very few new docks would have been ne- 
cessary; and Mr, WiLson, and tbe other shipbuilders, might have 
retained their building ynrds, for another genitratton at least. 
Unfortunately for the town, that proposal was defeated by per- 
sonal interests, combined with party spirit; and having been de- 
feated, there remained no other means of providing for the rapidly 
increasing commerce of the port, than by forming a great number 
of new docks. This could not be done without expelling the pre- 
vious occupants of the land on which thev had to be formed. 
Thus the refusal to build wsrebouses round tlie docks rendered the 
forming of new docks necessary; and the taking of ground for 
them has pretty nearly annihilated the shipbuilding and engineer- 
ing of tbe port« and has diminished to an enormous extent the 
amount expended in the town in wages." 

This atfords a very clear view of tbe difficulty in which Liver- 
pool is now placed; but it seems by a remarkable instance of retri- 
butive justice, the opponents of dock warehouses have been 
amongst the principal sufferers from the course of proceedings 
which they rendered necessary. The closing of the ship-yards, 
and the diminution of tbe amount of employment in the foundries, 
hnve had the elft^ct of emptying thousands of houses, and of 
adding frightfuJly to the pressure of poor-rates, both i>n ware- 
houses and bouses. 

The tonnage of *tbc port has nevertheless increased from 
I,2y3,;n8 tons in lH3(>, to 3,309,7 4 (i, in lHt9, There were only 
two ways of meeting this increase; the one to make tbe existing 
docks do double or treble duty by improved modes of working; 
the other, to form a multitude of new docks. The former course 
being rejected, nothing remained but to adopt tbe latter. 

It is well observed, that ^hat renders Birkenhead formidable to 
LiverpiKil, is the admirable arrangements* made for landing giMjds, 
and forwarding them into the interior. There the warehouses are 
so built that goods C4in be craned up from tbe holds of the vessels 
which import them, on one side, and lowered into river boats, 
or railway trucks, on tbe other. At Birkenhead there will be no 
cost of cartage on goods sent at once into the interior; no danger 
of pilfenige; no unnecessary loss of interest on ship or cargo, and 
no li>ss of a favourable market or of a handsome freight. 

With regard tf> the plan proposed by the Shipbuilding I'om- 
mittee, and explained in the Town CJouucil by Mr. J. Aspinall 
Tiibin, we understand it to be, that the present building yards 
should be noide us convenient as possible, and that fourteen new 
building yards, each containing about lo,OoO sciuare yards of land, 
should be formed north of the Sandon Dock. These are to bo 
furnished with private graving-docks, at the cost of the Corpora- 
tion, the tenants paying five per cent, interest on the cost of the 
graving-doi'ks, and id. a-yard rent for the land ; and being secured 
in the pusnession of the land by leases long enough to induce them 
to erect first-rate machinery' for shipbuilding, and the necessary 
buildings. 
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The capital, fi^, 1^ lieloujif!* to a column gu|iporting the roof of the Great Hall, called Land Grafenhaug, Wsrtbur^, Gennanv, 
It Is i>f the nth century, and should be deemed perfect in originality of design; without being much undercut, it U deeply 
wruugUl, We tru^t thU lieiiutiful specimen may in some way prove sugjje«tive. 

The capital, fi^^ '2, is from the remains of the choir in the Church of St» Peter and Marcelliu, Seeligenstadt, Germamr^ and may 
he con»«idered remarkable for its elegant and beautiful proportions in any age, but the more so when we are told it daies at hr 
hack an the 13th century. 



CHARLES THE SECOND'S BATH, BATH STREET, 

NEWGATE STREET. 

Si& Chrustopheb Wren, Architect. 

(With Engravings.) 

Tu be whirled along the surface and through the bowels of the 
earth, with fearful velocity, by the stren^b of a creature of men*ti 
fyrmation, doeile as a horse, feeding on Sames and boiling water, 
in not the cuily novel feature of Hociety at the present day; the 
de«ire on the part of the masses to move fast and indulge a com- 
mercial spirit on a jri^antic scale, U accompanied by a love of 
cleanliness and a tliBpositicn to extend the means of relaxation and 
healthy enjoyment : thus, Baths, with those useful concomitants 
Wash-houtjes, are fast sprini^ing up for the u&e and wholesome 
recreation of the hard-worked million. The term novel, can indeed, 
be ri^n)rou8ly applieil only to one of the above-named features, 
aiuce the erection of Baths on so large a scale as to warrant the 
aijpetJation of '■''national," is nothing more than the revival of a 
very ancient custom. That the ^^rair is in its Infancy is a true 
and trite remark j what may he its true character when it has 
reached mat tirity, none can predict; time alone can unfold the 
mystery; but with respect to ^^ Baths," we know what has been 
done by the ancient s. On the score both of utility and splendour, 
the baths of the Riimans left nothing to be desired'; it were in vain 
to hope to eclijjHc them. ^4n those huildings. Architecture deve- 
loped all her resources, and robed herself in n profuse dinplay of 
the most costly materials; therein it distributed in an orderly 
manner, the choicest prnductions of art, and by the application of 
columns, and other architectural detail*;, ,tl11 ingeniously e*mtrasted, 
itproduceil in one immense design the most striking and varied 
effects. It offered, in the interior e«ipecially, deconition of the 
most fascinatintr an well as of the most imposing character, wbilst 
it displayed externally all the sumptuosity of amphitheatres, vast 
teiraces, porticoes, and delightful gardens." 

We tsee, then, that with respect to such buildings, we are yet 
some way behind; hut we also ^ee plainly what we have to achieve; 
ami, with the eneriries of Englismen is it too much to imagirJe-^ 
that we mav ere long rival Rome in our Baths? 




It has become the fashion to anticipate time: 1850 seems fairly 
to be forgotten in the vehement desire which all are seized with to 
behold the giant oHspring of 18.SU In obedience then to thefa^oD 
of the times, let us contrast the National Baths of 1850 with whit 
similar establishments may possibly be in 1860* Piercing 
through tlie veil of time, we see the Bath having become the 
lar feature of the day : Baths— not merely troughs in whii 
wash the body, but establishments in which the Intellectual 
aB the physical wants of man are ministered to. Complli 
buildlngH, wisely planned, ccn'ering immense areas, in which art 
united all things necessary to the complete unbending of the body 
and mind; in which, moreover, the fullest scope is given to the dis- 
play of the arts— of the leading arts of painting and sculpture 
especially; structures in wliich much is combined for the mental 
training as well as for the bodily recreation of masses of beinei 
deprived of other means of accpiiring polite inatmction^ through 
the necessity imposed upon them of daily toil. This too faint a 
glimpse at the development of so important a feature as that of 
the Bath, supposes the exercise of much tiiste and judgment, if 
not of genius, in the supervision of such a scheme. If it be true 
that many circumstances combine to render it not improbable that 
the construction of Baths will become a favourite subject with the 
Engliiah, then is it well that we should familiarise onrselve* by 
times with good models on which to shape our future planis; and 
it is gratifying to know, that however advisable it is to c*insult 
foreign examples for such a purpose, we have matter of the kind 
at our own doors worthy of the greatest attention. 

To no greater teacher of arcliitecture can we go than to Sir 
(Ihristopher lV>en; and to a Bath designed bv that great architect 
ih the attention of the reader now solicited, ^fhe Bath in question 
was erected for the use of King Charles the Second, and stands at 
the end of Bath -street^ Newgate-street, in the neighbourhood of 
St. MartinVle-Grand. 

The btiundary walls of the bath form a square : the dreaaifig 
closets and the seats are mude to project on the right and on the 
left into the chamber, and are surmounted by a balustrade, which 
is carried round the wbole of the interior. At the back of the 
qeats is a passage communiciting with private baths; the dressing 
clo^iets abut against the boundary wall. Above the balustrade the 
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chamber is worked into an octagon by means of 
arches at the aD|i;les uf the buundary wallti, and 
the whole is crowned by a hemispherical dome. 
The iloor of the brtth is paved with marble sliib<, 
and the sides, up to the balustrade, are lined 
with litjtrh tiles. The dorae is of brick, orna- 
mented with coffers exei'uted id plaster. 

To the uninitiated akme i^ it necessary to re* 
inark^ that Sir C Wren hm invested his buQdiing 
with an appropriate character ; the interior, wliich 
y beautiful, i^ !«tamped i^ith an air of tranquility 
and cheerfulaeias highly characteristic of the use 
to which it is designed. Not only k the general 
scheme admirably conceived, but every detail, bolli 
for usefulness and beauty, minutely attended to; 
thus, the nichets in the room ittsclf are ornamental 
ieats; those in the sides of the plunging bath are 
principally for the purpose of breaking the action 
of the water, and preventing the latter from 
spreading into the room when agitated by the 
bothers*; ring*s for the purpose of holding-on in 
the water, are so placed as to become real orna- 
ments. A well-modelled lion's head conceals the 
apout which admits the flowing stream; another 
aunOar head maiiiks the opening to a drain which 
conveys awity all grease and oiMness which are 
apt to collect on the surface of a hath. T!iere 
wa» originally no aperture iii the wall of the cham- 
ber to admit light; hence a sense of security a» 
well as of seclusion was created, by which the 

Sleaatire of the bath is greatly enhanced ; the 
ome—^^ice fully panelled-^-alone admitted the 
light. The cornice to the chamber bears the im- 
preiss of thought and study, the individual mould- 
ings being so modified m to render them applicable 
to an interior mtiy. In ahor t, to whatever point our 
attention is directed In this unpretending and 
charming building, studious care and propriety of 
motive are cons^pieuous, and, like aU the works of 
6ir Christopher Wren, this building of 200 yearu* 
standing h still a model to future tijnes. 

To many this bath is well known, it being in 
full operation: to too many it is unknown. The 
publication of the building may therefore be con- 
sidered in some respects as a disinterment of a 
©jonument of taste and utility. The City of Lon- 
don abounds with hidden ornaments of this kind. 
As the ivy is wont to cro^v round noble trees, veil- 
ing the beauty of the latter, bo many noble struc- 
tures of by-gone times are concealed by the brick 
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and mortar incrustations of this latter age; and as it is the duty 
of a viirilttnt gardener to free the stems from parasytical planta, so 
is it tne duty of the architect to pierce through those excre- 
scences wbicli, through time and necessity, have encumbered the 
choice fruits of architectural genius* 



,M 



Froflk of Oomloe. 



A, W. Hakewiu., 



Z^fwfon, Oct^xr lOlA, 1850. 
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CHAPEL ARCHITECTURE. 

Chapel and School ArrhiUcture^ as appropriate to th« Buildings of 

Nonconformutji. By the Rev* J. F. Jobsoi*. London: Hamil- 

ton, Adams, and Co* 1S50, 

The clericiil litle attached to the name of the writer may lead 
gome of our readers to take him for an amateur; but it seems Mr. 
Jobion was articled, at Lincoln, to Mr. Edward Jtane« Willson, 
F.S.A., and left the drawing- board for the Wealeyan ministry; nor 
has he since been totally disconnected from architectursil purtiuits^ 
having been for many years secretary of the VV'ealeyan Chapel 
Building Committee. In thi* capacity he haa rendered some 
service to architecture, having f^eatly iofluenced the movement 
for building chapela in the Gothic styles, and of more architecturiil 
character, and having published several articles on the subject in 
the Watchman newspaper, which now form the beginning of the 
wurk before us. 

These observations will cause our readers to feel a greater 
interest^a the work, and will enable them to judge of ii^ especial 
iendencyv which is to promote improved artihi lecture, and the 
employment of the medijeval styles, at the same time giving such 
counsel to the ministers and other offictul^i interested us may 
enable them to co-operate with the architect, and obtain an efficient 
building* We may hereafter have occasion to notice Mr. Jolison's 
remarks, advocating and enforcing the necessity of strictly acting 
under professional advice in all s^tructural openitions. 

Mr. Jobson very naturally introduces his subject by an appeal 
to the higher emotions, of which religious architecture is the 
exponent, and sympathv with which is too often lost sight of by 
many weU-intentioued l>ut little reflecting pertions. 

'•What surpassing power there is in the mere iheme of religion 
to impel human energy to its highest efforts, and to enable genius 
to transcend the artistic description of merely mortal concernjs, 
let the immortiil poem just tjuotcd testify. The greatest triumphs 
in music — the 'Messiah,' with itn uneciualled grandeur and pathoa; 
the 'Israel in Egypt/ with its overwhelming clioral magnificence; 
the 'Creation.* with its elevated joy and rapt sweetness; the 'Mount 
of Olives,* with its wondrous sublimity^ — all bear witness to the 
might there ia in the theme of religion to raise and sustain the 
powers of genius in its nt»bleeit exercises. The most perfect 
achievements of the pencil — those of Raffaelle, and Michael 
Angelo, and Leonardo da Vtaci — verify the same position. Sculp* 
ture is an art which, in modern times, has been merely imitative of 
ftncient models; and those model*; of perfectness were, notoriously, 
connected with religi^m. Ancient poets, like ancient sculptors, 
consecrated their best efforts to religion; and seemed, indeed^ as if 
they dared not tu begin to sing without invoking the aid of Divinity, 
under such imperfect conceptions a^ they had of the Divine Nature 
and existence. 

**The writer of these remarks is, nevertheless, not pleading for 
a high style of elaboration and ornament in the erection of Wea- 
leyan Chapels, He is prepiired to maintain that they should have 
no unnecesHartf adornment. Let open spaces for hearing the word 
of God, and for prayer be inclosed with walls and roofs. But, 
however plainly c^uistructed, our chapels should be of suitable 
forms and in good proportions; these will not iucrea-se their coist. 
Simplicity, rather tliau profuse elaboration, is the characteristic of 
beauty. Deformity shocks the universal taste of civilised man» 
How symmetrical, how simple and pleasing in their forms, are all 
the work>! of GodT 

Our writer next discusses the question of style, and his predi- 
lectioiij^, as much as anything else, lead him to the preference of 
the mediiisval styles, for which he is an enthusiastic votary. 

'*A Methodist Chapel is a place for t'hristian worship. If 
then, any style of architecture can be shown to have arisen out of 
the Christian religion, and to have been nn»uliled by, and associated 
with it, from early times, so as to have become the outward and 
visible representation of Christian worship, — it is reasonable to 
say that such a style should be preferably selected; more especiiiUy 
if it can he shown that this Chri^tlian style of architecture is not 
inferior to any other style ever devised; that it is not more ex pen- 
i*ive; and thai it is better adapted to the country and climate in 
whieh we live. Such a style is that nsnally called 'tiolhic.' 

"(iothic architecture is Christian architecture, as distinctly and 
em|iliaticHlly aw the Egyptian, Greek, and Roman, are I'agan. 

'•(■recian architecture was, in iti origin, wooden. It was first 
compoj^ed of trunks of trees, with lintels laid across the top, and 
with rafters resting upon them. These were afterwards c^nered 
with oruatuents; and when the Greeks came to employ marble and 



stone for building, they retained the same wooden type, ftnd even 
moulded and carved their ornaments to represent the beam end§| 
and the wooden finish they origiDally made. Besides, a Greclaa 
temple was made for offering animal sacrifices. The priesta, only, 
went within, while the worshippers remained ouUide, The interior 
was comparatively small ancl dark, being only lighted from the 
top; and if, in professed imitation of the true clasiic model, win- 
dows be made in the front and at the side«, and the interior be 
large, seated, and galleried, — the proportions and beauty of a pure 
Grecian building must be violated. 

'* Again, the roof of a Grecian building is low. A high pitch was 
not reipiired in the climate of Greece. With us, roofs must be 
constructed so as to resist the weather, and most readily throw off 
anow and rain; so that a much higher pitch of roof is required." 

The next point Mr* Jobson proceeds to urge on the WesJeyan 
body is a very important one — the question of expense; and bti 
remarks will not fail to command the attention of architectSj 
because this is one of the points on which they are often called 
upon to do battle in the cause of their art. Mr. Jobson contends, 
and all practical men will go with him, that good architecture ii, 
at any rate^ not mure costly than bad, and that, indeed, the balante 
is against the latter. He shows, moreover, that whatever false 
economy may plead, the paid services of a good architect are 
better than the unpaid and voluntary services of no architect, or 
of an amateur, however well meaning. His remarks are^ — 

*^In adopting Gothic Architecture, we need not be ineonsistent 
with our professed form of Christianity, as Protestants, and Me- 
thodists 

*'llyt it may be said that Gothic Architecture, while appropriate 
in the erection of churches, is not so as to chapels; and being, at 
it is generally supuosied, much Juure ejipeui>ive than the Grecian 
or Roman style^thiit is, if carried out in all its details — it would 
be imprudent for Methodists, who have no * government grants' 
for chapel-building; who are not partakers of ""tjueen Aone't 
bounty; and who have no landed property to support their fabrica 
with the necessary repairs, to adopt such an unsuitable and costly 
style. The answers to such objections are brief and decisive. 
Tiie Gothic style of architecture is as fully suited to chapels as to 
churches, and much more so than either Grecian or Roman. The«e 
•classic' styles, as already shown^ must be barbarously interfered 
with, in their proportions, to place tier above tier; to make 
numerous openinu^s, both in the front and sides, for windows; and 
to cover the whole with a roof of such a pitch as to be suitable to 
our cliiuate. On the other hand, Gothic architecture admits of 
expansion or contraction to any extent. It may be as lofty in itf 
erections, or as low as we please. It may be simple and eeono- 
mical in its forms, as in the Early English — moderately oma- 
mentul, as in the Decorated — 4>r elaborately adorned, as in the 
l*erpendicular. It has models, from the plainest chantrieR, which 
are small in their dimensions, to the spacious and sumptuous 
chapels of St, George's, Windsor — Henry Vllth*s Chapel, West- 
minster — or that of King's College, Cambridge. 

**ATid, i\» to Krpensey it is a mistake, fostered by prejudice, to 
suppose that Gothic Architecture is necessarily more costly than 
Grecian or Roman, 1ji the forms most frequently employed in the 
erectiorj of ecclesiastical buildings, it is the cheapest. The Dia- 
trict Church Building Committees, and the Free Church of Scot- 
land, h:ive proved this for themselves. And the Methodists have 
prmvd it. 'J he Model Plan Committee, appointed by the last 
HristuI Conference, applied to six of the most able architects, 
residing in different parts of the kingdom, for designs, specifica- 
tions, aud estimates, in their quantities and prices, of a chapel to 
acc4inimodate seven hundred and tifty persoiH, in Gothic, Grecian, 
or Roman styles: each architect to supply two designs^ — one in 
Gothic, and the other in Grecian or RoTiian— with their estimates. 
The result was, that in every case, the estimated cost of the erec- 
tion of the Gothic design was leu than the estimated cost of the 
others; and, in some instances, considerably less. And this is 
what might be expected; for one great recommendation of Gothic 
Architecture is, tliat it employs no unnecessary forms merely in 
the way of ornament, as other styles do. It requires no expen- 
diture of 5UU/. (m five or six heavy and lofty columns to support 
nothing, as does I'tigan Architecture. I know of one Grecian 
front of a Methodist Chapel which must, with its quadrangular 
tiers of columns and entatiL'tture, and \iith its flight of numerous 
steps (necessary for its elevation, but most dangerous in frosty 
weather — and, at all times, difficult hn the a^ed), have cost as 
much as nil the chfipel beside*. And 1 could name another 
C;recian Chapel in .Methodism that had no lesa thtkn &O0L ex- 
pended on its fluted*columued recess for the Communiou*T«Me) 
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ftimost wb oil V bidden behind the Put pit and the Beadinf^^Desk ; 
and whicb Ctiapel left the Trustees with a debt, that by il« many 
thotisandh, has oppressed them most grievously, fiut J forbear, 
for while I writ© freely^ 1 must not even aeem to condemn good 
and generotiB men, who, in their great xeal for God^ committed, 
unintentionally, some impruprietiet. 

"Gothic Architecture requires no such extravapint outlay for 
ornament All its ornaments are parts ftecfjmary for the etrength 
and convenience of the building. lis buttresses support and 
irtrengthen the walla, and make them as strong as if twice as thick* 
Its mullioned windows prevent the blinding glare of a ma«s of 
light, such as shines in a large Grecian ojjening. Its pillars, if 
within, support the middle roof, and hold fast the gallery. Its 
pinnacles, by tbeir pointed forrn^, throw off the wet from the but* 
tresses, and prevent injury; and its parapets, cornices, and base- 
ment-mouldings, are all, if p rosier I y employed, conductors of 
water from the building. It ream res no artificial accompaniments 
•^-fluch as do-nothing front gables with blank windows and with 
iron bar supports behind. It ii — incontrovertibly^ — ^the most con- 
futeni and the moat econommU style of Chapel Building that can 
tie employed." 

It will be seen Mr, Jobson does not rely upon theory or upon 
arguments a priori^ but be appeals to the experience of facts; and 
beiides those already adduced, he given abundant evidence in the 
course of his work that he does not speak without authority. 

Lately, in noticing a chapel, we had occasion to point out that 
the requirementa of the congregation were not always so well 
attended to as in the design to which we were referring; and we 
are glad to have the opportunity of referring thoi*e architects who 
wish information on the subject, to the pages of Mr. Job^on's book. 
This writer remarks, thnt the nature of the accommodation re- 

Suired was a subject which particularly attracted the attention of 
be Building Committee appointed by the Wesleyan Conference in 
1B46, He says:— 

" It appeared to the committee that, in preparing to erect Wes- 
leyan chapels, sufficient consideration had not generally been 
given to the want of Ciuss-roomt and Vestries. These are indispen- 
sable to the working of Methodism in the present day. Formerly, 
they were less needed than they are now. In the prist time, classes 
were scattered, as to their phices of weekly meeting, throughout 
a city or town; but, of late years, there has bei^n a growing feel- 
ing towards meeting for weekly fellowRhin on the chapel premises. 
Clasg-rooms on chapel premises must, in tbe present day, to a 
much greater extent than formerly, he provided. In addition to 
these, It is also requisite that, in connection with a chapel of con- 
aiderable dimensions, at least one larger room for praytr-mmtmg» 
and ftoeial yatherings should he supplied. The increased agencies 
of Methoditim require this. Of course, additional buildingji will 
re<)utre additional expense; and it is important thai ministers and 
trustees, in their first meetings for the erection of a new chapel 
should consider that, as Methodists, they have not only to build a 
cbapel, but also vestries, class-rooms, and a larger room for prayer^ 
DieatingB, annual or other tea^meetings, &c. 

^Another consideration which engaged the attention of the com- 
mittee, was the arrangement of the bmidingg in tuch a maimer a€ nmai 
mMly to admit ^if ejUargement when ri'quircd. And the committee 
found, hy applications to practical men, that it would be easy, 
generally^ to provide for enlargement, by including the class- 
rooms, and the larger room over or below them, under tbe roof at 
the farther end of the rbapel. On tbit^ plan, the roof not having 
to he disturbed, it would be necessary only to take down the wall 
behind the pulpit, and tbe fioor and cross-walls of the roomi 
behind ; and then the chapel would be enlarged." 

This latter consideration is one very important and applicable 
to churches, as well as to many classes of public build ingw; where, 
in conseqtience of its neglect, very serious and needleiis expense 
is in a few years created, or very great inc^mvenience submitted 
to, and which judicious arrangement in tbe finft instance would 
have avoided; nor are many of our leading architects free from 
forgetful ness in this respect. 

"Another and a very important object to ba teen in MethodiJii 
ehapels^ and which was carelully and anxiously considered by the 
committee, was the furnijuhing qfj^eut-Toom/or the chiidrai of Sabbath 
^^d Week -dag Schoois, 

'*A farther important subject, which engaged the serious delibera- 
tions of the committee, wtis aettt-aeeomm&datmi for the Adtiit Poor* 

"There is another subject which demands the serious conddera- 
tton of Ministers and Trustees who may engage in chapel build- 
ing; and that is, ifieevU^ as I regard it, of greeting mrg Uirge Mdhodi^t 



Ckapek, It may be found expedient to have one large chapel in 
the central part of a populous citv t»r town, — to be used on general 
occasions, such as the I>it?trict Missionary Anniversary; but. to 
erect several such chapels in one town, is likely to retard tbe progress 
of Methodism, rather than to promote it. It two moderately-sized 
chapels were built instead of one of great dimensions, each con- 
taining, say, a thousand, or twelve hundred persons, of course, two 
Minifeiters would be required for their supply, instead of one, as in 
the case of tbe very large chupel. And who, that considers all 
the circumstances to be taken into account on this subject, will 
not say, that a thousand or twelve hundred persons are quite 
as many as should usually be assembled together for worship in 
one building? 

"And if chapels of moderate dimensions be built, it will be 
found that the present plan of raising very deep and Iteavg gatierieg 
within them is neither necessary nor expedient. The introduction 
of galleries into buildings for divine worship is comparatively 
recent; and was resorted to rather in the way of a temporary con- 
venience, than as a principle to be continued and permanently 
carried out. Perhaps congregations rapidly increased, aa did the 
congregation at Kidderminster, under zealous Richard Baxter, 
who had not less than live galleries in his church, and some of 
them most grotesque in their forms. To pkce the greater portion 
of the congregation in the gallery, is like putting the pyramid to 
stand on its apex, rather than on its base; and is as contrary 
to the right order of thingF, as seating some five hundred persons 
in a gallery beldnd the minister. It is better, where circumstances 
will allow it, to have no side galleries. There may be an end gal- 
lery, without much interference with convenience or order; and, 
if the congregation should much increase, and that quickly, side 
gallt^ri^s might then be added, and thus enlarged accommodation 
be readily made, and at a comjiaratively small expense. But it la 
better for the Minister, who, if not surrounded by galleries, can 
nearly see all his congregation at one view ; — it is better for the 
worshippers, who shall have tbeir faces all turned one way, and 
that towards the minister, rathc^r than be looking at each other 
from opposite sides of tbe chapel ; — it is better for the whole con- 
gregation (for it is nex^t to impossible to ventilate thoroughly a cha- 
pel choked up with huge galleries) to have but a moderate number 
of sittings In the upper part of tbe building. And, where tfiufficient 
ground can be obtained at a reasonable price, it will not be found 
much more expensive to build a cbapel with a larger firea, and 
which, having no ponderous galleries to support all round ita 
interior, may he comparatively low in its walls, and light in its 
materiais. Indeed, the best practical men that I have conversed 
with on tbi^j subject have declared that, under ordinary circum- 
stances, they would undertake to erect a chapel to accommodate a 
thousand or twelve hundred persons on the grmind-floor^ for as littla 
expense as they could build one that would accommodate the same 
number, having galleries on three or four of its sides. 1 am not 
urging the entire exclusion of galleries, hut the mtHierute u»e <»f 
them; and would say, let tbe gallery that may be put up look as if 
it were built for the chapel, and not the chapel appear as if it 
were built for the gallery, 

^^ There ithould be no aule down the middle qf the chapel^ hut seats: 
it being much better for the preacher to look directly upon his 
bearers, than upon an open space. 

*'TAtTfl should 6tf no gaikrg behind the putp'tt ; le*t the Minister 
should be annoyed by the shuffling of tune-books; or the wor- 
fihLppers should be disturbed in their devotions hy the movements 
in the orchestra," 

The question of galleries is one which frequently comes under 
the consideration of architects; and, therefore, we haxe been in- 
duced to extract from the work on this subject at greater length 
than we otherwise should have done, because it gives the opinion 
of a man who may be considered, iu a double capacity, as a prac- 
tical authority. 



Ma. Pataic Park It fond of bold undertaking!, tad tbe one we now notLca 
II bold sad dovcL It seems a gigantic iBodel of bis proposed sUiue to 
Wallace is to be erected at Gl&igow, on the area near Guriti'fr &toDuni«nt^ 
for exhibition. The proceeds are to form the nucleus of » fuad for the 
erection of a natiDnsi naonument to Ihe hero, to be placed in an important 
aituatioD in the city, hereafter lo he decided on. The intended monu- 
mevt will itind fifteen feet high without its pedestal, and tbe model has 
coaiumed nearly iwehe tona of clay, every pound of which the artist 
himielf carried to the apol upon bis own shoulders. We thiuk ibis a very 
good and legitimate proceeding, aad we trust Mr. Park will be successful in 
bii eadeftTOors. 




i to noliist t^ infliitiica of one form of 
rotlMn; md Euk db we tUnk, wh^ii 

J witlioal tta mlloFof evil; aad w» ouj^ht^ ther^ftii^ 
«I««7$ to be OB our ffiuard in «U ew«9 of imovftliott, UmI we lai^^ 
bf adopttiic one new end |EOod Uiii^ deetfof e still fruiter 
MWt. In afdutecCural omtters thm ceution U i^anWtitihrljr 



r, for iKe balance often is so very delicately held tbat ibe 
leiat eban^e disturbs it. Tbe con^quence is, we bave freqQeDtl]r<, 
in our tecbnical histoty, to notice the gradual decay of old | 
oeiMe in coniequence of the extension of others* l*hu^ ^ 
deeoration has greatlf suffered by tbe facility of moulding i 
reproduction; and wood earring eiid omamental ceiling wortt, art 
supemeded by tbe repetition of oompoeition and plaster patterns. 
Tnns, at length we are obliged to regret we can no longer achieve, 
except with diMculty, tbe ornamental interiors of the Elizabethan 
or Jacobean period. In metal^work tbe satne evil is felt. So 
loDf as the smith hammered out tbe detaik, a seoarate design was 
made lor each work; but now that easting baa oecome easy, and 
caet-iran elieapi, design is virtually extinet in forged melal-work, 
and we are compelled to wiine« the rmdeel and most monotonoos 
eit tensions of rails and sfiikea. Tbe height of mischief 
reached, regret is felt, and a airoQg daaite erinced, if not to retrace 
oar stetw by giving np tbe cbeapemsKterial, at any rate to get back 
lo gocNi design. In the lurtbenuiee of thia* nothing can be more 
useful than reference to good examples of the olden time; and we 
bare tborefore thought it worth while to give publicity to the ac- 
oompanving ^elebisa. 

It will be ootieed as the more stmage that tbe decline has taken 
place when we hare greater re^ureea at our command, for the 
intent capabilities of iron were littls imagined previous to tbe 
inlrodiiolaoii of st— m e^nei» nuboadss and mcki-hinery. In- 
dteJL vbet would Ike WMtumm of a century and a-half ago say, 
could IktT btlMiM Ike multanlled foma in which modern in^nuity 
baa tumA tt W m^omktf I^ow it ia viewed aa a r&luable con- 
structive mutitmkl^ ef vkoae sypKcitkin every da^ furnisher freak 
^. Ikoft tl WM mov* wttrnXfy m msjiwiii in wbicb the cnnnix^ 
workmaik deturbtv^ lo disfilnQr kia aft| ky Uhsening it into those 
lender an / ^tnm «Ml mhwvI^ sdfcwnJBg the lofty gates 

aud niiliiiK ^ v* leilitiinn or ikai M*. 

N«»l i tew i4 ike«e laeliM sfwriiiisw meei the eye of the 
iH^iitrer as ke liiitfveik amei^r Vke asitii^«aUd a^uarea and onoe 
kro^it^lm tif Ike m i n spa liu or its vidnity; «nd 
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The* cmL engineer AN^AfefcAiTEcrs journal. 



THE EXHIBITION BUILDING. 

{With an Engraving^ Plate X,) 



do well to note their existence before the rage for novelty and the 
march of innovation ha%'e sacrificed them, like many of the edifices 
to which they were attached. Those which we give are ag fui- 
lows: — 

Fi/f. 1, IB one of the heautiful gates in the side portals to Inigo 
Jones's Church of St. Paul, Coven t Garden, The design of thiii ia 
eAirr and flowing. 

Fig, 2, from the railing to a house in Great Ormond-street, 
Bloomsbury. 

Fig. 3, a lamp-iron and link -extinguisher (mementoes of former 
customs) in Queen-»qijare. Bloom sjbury. 

While we are tijion this subject, we must express a further 
regret, and that is with reganl to the retriigradatiun in the colouring 
of metal^work. Those who notice the beautiful gatee of Holland 
Park, cannot fail to be struck with the Hticce^ful application of 
painting and gilding in the decoration. These are made to har- 
monise well in the designs, and it should fdwaya be borne in mind 
in examining, copying, or applying olil dchigns^ that many of the 
thick parts are reduced by the application of light colours, and 
many of the slender parts are britrbtened by gilding. Now, one 
hue of black paint covers the metal lisurfftce; and, under some plea 
or another, gilding is abandoned altogether in exterior metal work, 
although the golden gellery of St. PaulV, the spires of our city 
churches, and the gates of Holland Park, sliow that it will stand 
well in our climate. Those wlio see the skilful and tasteful em- 
ployment of gilding in the lanipworks, ruilings, and gatework of 
Paris, always make an unfavourable compririson with London; and 
regret we are so neglectful of such resources. The railing of Mr. 
Hope's houHC in PtccadiUy is a i^ne s|jeciinen of design and work- 
manship; but, for want of colour and gilding, it has an unfinished 
appearance. 

V The roof of the building is rising above the ground, and fear 
■^ its well-ending is no longer felt: hut ant»tber and a weightier 
Hisk is hardly begun. We have called together the world ; we 
^iftve found room for all that may be brought; but we have yet 
to make ready what we ourselves may send. In making this call, 
re knew it was to those skilful and proud of their skill, und by 
liem it has been answered. From France come twelve hundreti, 
whom one-third have already earned rewards at home. These 
re the cunning craftsmen who meet us with their wares at the 
Qds of the' earth. From the Prussian RhineJand alone two bun- 
red and fifty come; from Switzerland three hundred — m«;n who 
nderstund cheapness as well as ourselves, and who have sometimes 
Bverconie us on our own ground. It is to he hoped in the struggle 
llow forthcoming, and before the eyes of the w<>rld, we may not 
tie beaten, but we must not heedlessly rush on. Here, too, it must 
be borne in mind, there is a greater stake than that of the Com- 
missioners, and that we must not look to the latter alone as answer- 
able; and the rather as we have had good warning, they cannot 
be very heavily hurtbened. The fair name tjf England is at stake, 
and unless all put their j^houlders to the wheel it may not be made 
good. To lean upon the Commissioners, and those under them, 
would be weakness, when it is ourselves to whom we must look. 

The Royal Commission is set forth with great men; the local 
committees are mA named by the working men but by the givers 
of money; and the local commitesioners are named from the local 
committees. Thus there is a rooted evil; for wbat may be a 
very good body for getting money together, may be the very 
worst for the other work, of getting together the best things. 
Many heUl bnrk from giving money who must be asked to send 
their goods, and they will not hold the gift of a pound or two 
as a worthier right than that they bold from the gifts of mind. 
This is the evil now working, and, unless timely help be given, 
the hoped-for end will not be reached. Abroad no bickerings of 
this kind can arise; they are older hands at this business, and 
better understand their work, and so we are threatened in the 
coming struggle in a two-fold way, by the fskill of our foemen, and 
by their knowledge how to make the best of it. 

From the shape of these Commissions and Committees another 
evil threatens to arise, and which shows itself in what they have 
aa yet set forth, which is, that they will bring together a show of 
knick-knacks, and a gathering of what is old, common, and worn 
out, rather than what being new, skilful, and workmanlike, will 
best show our right to the great share we hold in the trade of the 
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world. The whole business seems too much in the hands of Imok- 
men, and of enlightened lords, ctdonels, and bankers, and ton 
little in those of men having sound and working knowledge. 
This we feared from the first, and we are sorry we have been found 
aright, for this very thing stands more than anything in the way 
of the whole undertaking^. Lords may smile, bankers may put 
down hundreds, but we shall make a sorry show of it, if we trust 
to them to set forth our mills and our workshops, to watch over 
the loom, or to seek out the lowly abodes of the earnest workmen, 
by whom so much of our trade is fostered and carried on. 

We want neither a Conservatoire des Arts et Metiers, nor a 
Polytechnic Eathibition; we need not trust to knick-knacks, nor to 
out-of-the-way trumpery, to crowd the walls and fill the stands of 
the building, and awaken the wonder of the sigbt-seers; fi>r there 
will be enough, and in good keeping with the greatness of the 
time, and of the building. There will be steam and wiiter setting 
to work the several shapes in which man's skill has liTiiught 
stiifened rods of brass and iron to weave more deftly than hands of 
living flesh — mighty bulks which work without thought l^etter than 
thought can shape — elfins wbich work the behest of man, and can- 
not withstand his will. What the wildest thought has dreamed ^t 
in earlier davs as beyond the reach of man will here be brought in 
wondrous fulness before our eyes. 

What the Times says on this head is bo striking, that we have 
thought it right to give at length. 

"*Not the least wonderful part (says the Time^) of the Exhihiti*m 
which is to be opened next year will be the edifice within which the 
specimens of the industry of all nations are to be collected. Its mag- 
nitude, the celerity with which it is to be constructed, and the 
materials of which it is tube composed, all combine to insure for it a 
large Hhareof that attention which the Exhihitionis likely to attract, 
and to render its progress a matter of great public interest. A 
building designed to cover 753,984 superficial feet, ami tti have 
ui exhibiting surface of about 21 acres, to be roofed-in and handed 
over to the Commissioners within little more than three nioiiths 
from its commencement, to be constructed almost entirely t*f glas* 
and iron, the must fragile and the strongest of working materials, 
to combine the lightness of a conservatory with the stability of 
our most permanent structures — ^such a building will naturally 
excite mucli curiosity as to the mode in which the works counected 
with it are conducted, and the advances which are made towards 
its completion. Enchanted palaces that grtiw up in a night are 
confined to fairy land, and in this material world of ours the 
labours of the brick In yer and the carpenter are notoriously never- 
ending. It took 3U0 years to build St. Peter's at Rome, und 30 tii 
complete our own St. Paul's. The New Palace of VVestminster hns 
already been \h years in hand, and is still unfinished, VVe run up 
houses, it is true, quickly enough in this country, but if there he a 
touch of magic in the time occupied, there is none in the appear- 
ance of BO much stucco and brickwork as our streets exhibit. 
Something very different from this is promised for the great edifiee 
in Hyde- park. Not only is it to rise with extraordinary rapidity^ 
but in every other respect is to be soggestive of Arnbitin Nights 
remembrances, hi its favour the window law is to be ignored, 
and 9W,OUO superficial feet of glas^s weighing upwards of I On tona. 
are to be used in its construction. Not a stone nor a brick will 
be employed throughout the spacious structure, which is to rest 
upon 330b cast-iron columns, and to be strengthened and kept 
together by 2224 girders of the same materinl. The view of it 
wbich we now publish represents an edifice in every respect quali- 
fied to become the repository of specimens of the world s industry; 
the basement and two upper tiers diminishing in area as they 
ascend, and thus securing a graceful variety ofoutline, while the 
monotonous effect of a facade lHi8 feet long is hr<^ken by a 
spacious transept. This transepL 4118 feet long and 7^ feet wide, 
will be arched, and will rise to the height of lOfl feet, imiodng 
within it, as in a glass ca^e, a row of trees, which respect for the 
park timber has induced the commissioners to spare. The roof of 
the entire building, re>.ting on the cast-iron girders, will he what 
is technically C4illed ^Vridge and valley," and will look like an 
undulating sea, the whole being covered with canvas to exclude 
the rays of the summer sun and prevent any inconvenience arising 
from excessive heat. This will be the case in every part of the 
structure except the transept, where the presence of trees render 
light necessary, and where, therefore, the arched glass roof will 
remain uncovered. When closed in and completed, the view pre- 
sented by the interior will, it is anticipated, be wouderfully grace- 
ful and solendid. The central avenue, 1H48 feet long, 7^ feet 
broad, and m feet high, with rows of piRati ihooting off from it 
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on either aide, and so arranged that the eye c«n traverse freely to 
every part of the biiiMmg^ must have a very grand appearance. 
Care has been tftken to huve the columns upon which the whole 
fabric rest« distributed with such regularity that no confu?*ion or 
forest-like eifect can be produced by them. It will he the same in 
all the avenues as in the central one, uithou^h there, from iti« pro- 
portions and the entire absence of ^allerie^* or upper flooriii^r to 
oreak the perspective, the view presented will be most impoKinjif, 

B«aide8 the immenise space thus devoted to the general purposes 
of the Exhibition, there will be on the north side of the building a 
room set apart ft^r the reception of miichincry. The dimensions 
of this apnrtment are on a Bcule proportionate to the important 
branch of inventive industry to which it is to be dedicated. It 
will l»e 916 feet long, 48 feet broadband 2 1 feet high. Another 
feature of the building will he the Refreshment Courts, which, in 
accordiince with the lirifiitocrHtic spirit of tlie country, »re tu be 
divided into three classea. Those whoiie metiiiK and tHiste^ incline 
them to patrunise the first will discusH Ihe delicacie»i of the «»eiii»on 
under the branches of the trees which occupy the north end of the 
transept; tho^e whose habitn of life are less ambitious, *>r whose 
palates are less discriminotinir, rnust move westward; while for the 
crowd of bumhle visitors the requisite accommodation will be pro* 
videdon the north-ea><t side of the building'. 

To enter into further details with reference to the interior plan 
would needlessly complicate this description, and would he inap- 
propriate at present* It may, however, be r\j£ht to mention that 
while from north to south and across the breadth of the structure 
the fliooriBfr will be perfectly level, from west to east it will be 
ilightly inclined, like the stage of a theatre, though not of course 
to the same extent. This, it is believed, will add much to the 
effect of the interior, by enabling visitors at the lower end to see 
almost at a glance over the whole edifice. Though from north to 
iouth the flooring will be quite horizontal, the land sloueB a little, 
and this enableM the architect to give the building on that side the 
appearance of a raised foundation, which vrill be faced with green 
iod. The advantage of tlis u> the extendi beauty of the priticipal 
facade it i* almost unnecessary to point out. A light iron railing 
will inclose the building at a distance of H feet from its* exterior, 
and beyond that will he a footpath. The grand entrance will be 
nearly opposite the Prince's gateway, and will have seven pairs of 
doors. Ample arrangements have been made, however, for the 
entry and exit of visitors at other poiuts. The exterior sorfaeea 
of the first or ground tier will not be of glass, but of wood, for the 
purpose of greater security, and also to afford a wall space for such 
articles as require to be hung up in order to be seen to advantage. 
To enumerate in detail all that this great undertaking embraces 
would be an endless and perhaps rather a tedious task, hat some 
conception of the w»»rk to be performed may be gathered fnmj 
this — that the calculations of ilessrs. Fox, llenderstm, and Co., 
the contractors, estimate, among other requisites, 34 miles of gut- 
ters, ^)2 miles of Rash bars, and H miles of table for exhibiting. 

Turning from the building as it is to be to what has already 
heen performed, it will be found that considerable progress has 
been made. It is now a month exactly since the actual work of 
construction commenced. In that time the foundation pieces on 
which the columus rest have nearly all been fixed upon their beds 
of concrete, and the earlh filled in around them. The columns 
re<|uired for a In rue section of the southern and central parts of 
the building have been put up and connected together by girders. 
The framework begins to indicate the form uf the future structure, 
just as the ribs and bones of the mammoth at the British Museum 
shadow forth what the animal must have been when alive. The 
graduated outlines of the structure ascending tier above tier, the 
cathedral- like effect of the transept, ami the long- extended 
avenues and rows of slender pillars, branch iug off symmetrically 
on either side of them, can already be discerned, t^leepers and 
Joists f«>r the flooring have been laid in one or two parts, and one 
sm»ill (uece of window framing has been fixed in its place. The 
e.^ternal facing of the ground tier has been ctmimenccd, and while 
the tnaiiework of about one-third of the structure is in a forward 
Btate tienrly every detail of the work has been begun. Messrs. 
Fox Hud Henderson have already one small crane established on 
the girders for hoisting up materials, and in a few days they will 
have eeverid more. The rapidity with which the building pro- 
gresses nuty he estimated from the fact, that tuo colnmris and 
three girders can be fixed in about 15 minutes. While the actual 
labour of construction proceeds, a vast amount of preparatory 
work gc»es on simultJineously. Nearly ail the wooden lurches 
required to span the transept are completed. Sash bars, window 
frames, intermediate bearers and gutters^ are got ready by hundreds 



of workmen tinder sheds, formed haitily of Hoor planking. The 
hydraulic press is at work testing the strength of girders, and a 
few fires are lighted to prepare the wrought-iron bolts by which 
the columns are made fast to the connecting pieces between tbem. 
Piles of materials of every kiml are collected in everv part of the 
ground, and it is believed that three- fourths of all that will be 
required are already deposited within the hoarding. There U a 
stable for 20 horses^ which are employed in drawing. At present 
900 hands are at work within the inclosed apace, but it i» estimated 
that the number must yet be raised to lAO-O. No difficulty is found 
by the contractors in procuring the reouisite supplies either of 
ujaterial or labour, Tne iron work is all brought from Birming- 
ham, where it is prepared by Messrs. Fox and Henderson, assisted 
by two other houses. One nrm furnishes the whole amount of | ' 
required. The timber u«.ed is from the Baltic, and of exce 
quality. A portion of it is prepared at mills taken for the pur_ 
at Chelsea, and the rest on the grounds. When the weathf 
wet, this part of the work, which is carried on under co\'er, ii 
pushed forward. When it is dry the fixing of columns and girder* 
is proceeded with. Gas has been laid on in the grounds, and 
the toils of the day are continued frequently as late as 11 o'clock 
at night. Within a commodious set of offices the heads of depart- 
ments regulate the work and prescribe the division of labour to be 
pursued. Here, too, a room has been established for draughting 
plans of the building, in conformity with which it is to be completed. 
A considerable portion of the work is done by the ptece^ and no 
difficulty is found in procuring any amount of hands that may 
from time to time he required. Every morning they assemble in 
great numbers at the entrance ready for employment, aod when 
engaged they turn out very efficient workmen. Such a supply 
must be regarded as one of the most important facilities which i 
great city like London presents for the execution of an under- 
taking like this. An ingenious system of checks by means of 
variously shaped brass tokens has been introduced to determine 
the number of hciurs per day for which each man has been oc^^upied, 
and the remuneration to which he is entitled. The whole busmesi 
of the contractors seems to be carried on the most systematic and 
orderly manner; and what is very remarkable is the little noise or 
hustle with which the work proceeds. When the materials of 
which the building are chiefly composed are recollected this will 
he the more easily understood. Nearly everything is brought OH 
the grmind ready to be put up, and the loudest sound that reach«i 
the ear is the occasional clink of a hammer ^^ closing rivets up. 
( h er so large a space the noise of labour is lost, and the building 
ries almost as silently as did Solomon's temple. 

The contractors still speak with perfect confidence of their 
atiility to construct and roof-in the whole before New YearVday. 
They have within the last month done a good deal, but in the two 
that still remain to them they will find their energies fully taxed 
to do all that still remains to be accomplished. If within tit 
limits of time prescribed to them they succeed in carrying out m 
extensive and elaborate a plan as that which they at present €)0O- 
template, they will merit the utmost praise; but before even tbe 
letter of their contract the safety of the public must be placed, 
and we do trust that every precauti n will he adopted to prevent 
the possibility of accidents hereafter. Of late years many cireum- 
stances have occurred to shake the confidence which was at firrt 
refjosed in iron structures. Suspension bridges and railway termini 
liave been giving way and falling in from comparatively slight 
4>ui,^os — the smallest defect in a part, the snapping of a rod, or the 
shaking of a pillar, by disturbing the distrihotion of forces, often 
brings down the whole fithric. The new building in Hyde-park in 
a novelty in architetture — and a novelty upon a grand scale. It 
is to be provided with many galleries, where specimens nf industry 
will be exhibited, and where, therefore, crowds of visitors will 
ftisemhle to inspect. Considering the materials used, therefore, 
it is most important that every care should be taken to insure the 
safetv of these galleries, Messrs. Fox and Henderson say that 
theyliave adopted every precaution in this respect, and that their 
calculfttioiis ol strength are such as to render an accident frt»m the 
crowding of spectators ini possible. We trust that it may be so, 
and we think it due to them to state that a minute examination 
of the progress already made in the work has impressed u* with 
u high sense of the efficient, orderly, and expeditious manner 
in which it is carried on. This is the more remarkable when the 
novel character of the structure is remembered, that novelty 
removing it out of the routine habits of those engaged in the 
labour of const ruction." 
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IMPROVEMENTS OF THE RIVER SEINE. 

Some very important works are in progress at present upoB the 
river Seine, f*ir thti improvement of tJie uavigiition of thai river^ a 
succinct account of which 18 appended. 

The Seine has a very lt*n|t^ devious course, principally throujjh n 
valley in the tertiary limestofies of the Paris hcisin, nnd throujy^h 
the chalk betv^reen Mantes and the sea* It m very isubjeet to floods 
in the winter and springf^ which come down from the hilk of Bar- 
gundy with cctfiHiderable violence; whilst in the summer it U often 
so low that, as in 18 12, the navigation hy htir^t?** drawini? 4 feet 
water ia tsu?«pendeJ, The tide mnf^ to a little beyond Pout de 
ITArche, a diHtance of perhaps 60 mites. 

Owing to the conli^unition of the embouchure a bar h formed 
at Quillebieuf arul Tancarville, at a point u here the river — which 
had previously spread out on both sides over a dut alluvial plain, 
giimetimcH biire at hii^h tidei* — is contracted iietweeii two ad^'auciog 
spurs ijf the chalk formation* Formerly the re:^ime thus super* 
induced was such as to give rise to a ^'bore" of about 3 to 4> 
feet high occasionally; but at neap tides there was never enoof^b 
water ou tlie bar to iillow a 4iiO tons* burden ship to mount the 
river, although directly the stream became narrowed above 
Villequier, sufficient depth to iloat even a luoo ton ^bip existed at 
high tides. 

The objects proposed then were to deepen the river so ^ to 
Allow large vessels to reach Uoueu, and to estahlisb nuch a syHtem 
'Of locks, &c, in the upper portion, as to ensure a t:onstant depth 
©f 6 ft. 6 in. in the driest seasong as far as Paris, The wtirks 
already executed have succeeded most remarkably in the attain- 
ttient of thed« objects aa far aa they bore upon them. They are as 
follows: — 

Tidal Poriion.'^Vp to August, 1850, they had been confined to 
the embankment of the river between Caudebec to Villeouier and 
Quillelnjeuf, by means of rubble-stone embankments of a length of 
18,000 metres ou the right bank, and of 9600 on the left bank. 
At the point where the worki? commenced the channel was made 
300 metres (1000 feet) wide; and it was augmented lo metres in 
a kilometre, or in the ratio 1 : 100 to the embouchure. The concave 
embiinkiuent was found to require twice as much stiuie as that 
upon the convex side, the former taking lOO metrea cube, the 
latter .50 metres cube, per metre forward. 

The resiulfc haa been to deepen the river 2*80 metres (a little 
more than 9 feet). The **hore has disappeared in the parts regu- 
larised; the length of the duration of the flood tide increased one 
hour; the still water, or dead tide, has also gained a quarter of an 
bour. The flood would be sent much further up the country did 
not the stone thrown to protect the feet of the piers of the 
Maiioir Bridge, on the Rouen and Paris Railway, act a« a dam t*^ 
keep it hack. It h probable that the re.sult of the works in the 
river upon this bridge will he to throw it down. 

The total cost of the embankments has been hitherto ^,310,000 
francs, or 9^,400/. sterling, being at the rate of 3 franco the 
metre cube of stone in place. 

To complete the project, it would be necessary to execute above 
Candehec and la Meillersiie 5, 1^22 metres of embankment on the 
right, and 8^00 upon the left shore. Below Quillcboeuf it is pro- 
po«ied to continue the channel through the sandbanks of the em- 
bouchure, by the execution of 12,540 metFea on the right bank, 
and 9600 upon the left. 

H Natural Water Course above Tides. — The system adopted for the 
attainment of the depth required in this portion, has been to erect 
a series of barrages or weirs upon the river, so a*i to divert the 
water into the arm rendered navigable, and to leave an overflow 
under the control of the locksman at the bead of the pond or 
reach » 

The weir-"* are formed according to the plan so successfully 
applied by M. I'oiree at Bezons, consisting of a serien of wrouglit- 
iron frames with wooden blades to close the openings, fixed by 
hand; the vring walls are in stone, and dressed off at a level to 
allofr any flood-water to overflow at 6 inches above the depth re- 

• miired in the lock, should any sudden flood come down hy night. 
The locks are made \W metre*? long by 12 metres wide (400 feet 
by 40 feet), and a fall of 2 metres, or 6 ft. 7 in» nearly. 

' Originally it was prfijiowed to form at least ten of tfiese barrages. 
The first is formed in Paris itself, and is actuallv in course of exe- 

Icution; the river is being inclosed to a width of* 3'2 metres in the 
narrowest part, beginning from the extremity of the Isle de !a 
Cite, and terminating at the extremity of " terre Pie in" of the 



I 
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Pont Neuf. The wing walU of the dam are dressed off at a height 
to secure 2*16 metres water; the barrage is meant to heap them up 
to 2*26 metres; but t^f ci*ufse before arriving at this height, sonve 
of the blades would be drawn, tjuay walls and roads, with in^ lined 
approaches from the upper level, are being formed; a Lirge cul- 
vert, ^'^i} mclreis wide by 2*50 metres from invert to key, is also 
ftouistructed to lake off the lateral sewers to a level heli»w the 
locks. These works are eistimated to cost 200,000/. sterling. 

Connected with these works may be cited the lowering of the 
roadway of the Pont Neuf, to cost 72,000/. The old arches are 
cut away where neces«Mjiry, and replaced hy new arches of an ellip- 
tical form, the space between the new and old work, where any 
exists, being fi!led-in with hydraulic lime concrete. The scaffold- 
ing emphjyed is very rtMoarkable, heing in. fact a suspension scaf- 
folding, hanging from the turrets on the piers of the bridge. 
Indeed, it would be impossible to imagine how works could be s(> 
carefully, so perfectly, and jjo elaborately executed, a^* alt theite 
are, unless by French engineers, working with government money. 

Other barrages have been executed at Bezons, Andresy, and 
Vernon; one at les Poses, near Pont d© I'Arche, is in course of 
execution. Barrages are to he formed immediately at St. Ouen 
Mtnibin; others are proposed at Suresnea, Maiiions, 7'riel, and 
per! laps others below Meulan. 

Tfie barrage executed at Beatons, at a cost of 80,000/., gave a 
aur-elevation of 1-20 metres ( I feet) at a distance of 7^ miles from 
the locks, the fall of the river being on the average O'lO per kilo* 
metre, or I in 10,000, The heaping-up of the waters by the 
barxNige of Andresy is felt in the Seine and Oise, at a distance of 
20 kibimetres, or 1 2, J miles. 

At some future dny I will send ynu drawings of the barrage of 
Be>tons, which will illustrate the very simple, but efficient mearu 
employed on this river, to eanaiise it completely. 



Southampton^ Oct. 23ri/, 1850. 



Geo* R. BuBNKhL. 



PUBLIC WORKS AT ALGERIA. 

The East India Company have at length roused themselves 
from the state of inaction they so long preserved in the execution 
of railways and other commuicatious in their immense possession. 
It is better late than never. But to enable your readers to com- 
pare the conduct of a government managed under the direct 
control of a representatixe as5Jembly, with that of the anomahnitf 
body known in India as the Co4*mpanni Jchan, I have the honour 
to inclose you a condensed staienient of what lias been dmje by 
the French government in Algeria since their occupation in 1830, 

It is to be observed, that we are far from wishing to hold up the 
colonial governmeut of our nciglibours as a model in all things; 
hut the care they have taken in the execution of means of conimu- 
nicMion between the different points of their still very precarious 
possession, may well merit our serious consideration. 

In the report from the Minister of Wnv to the Legislative As- 
sembly, in the spring of 1850^ it is stated that, suhseipiently to 
the occupation of Algeria, there have been executed in that colony, 
at the expense of the mother country, no less than H270 miles of 
mad; 18,i^59 acres of marsh lands have been drained; 278,000 yards 
linear of irrigation channels; and 82,057 yards of main drains or 
ditches; and 127,000 yards of aqueducts or water courses liave been 
cunstructed; 91,900 yards linear of street have been formed 4*r 
regularised in the divers towns; and nearly 32,000 yards linear of 
seivers formed in them; barracks have been erected for 40,000 
S(ddiers, and hospitals fur 5000 invalids. The port of Algiers hits 
been improved, and important works begun at several other points 
on the coast. Churches for the Christian population, mosques for 
the indigenous racea, have been restored, and new ones built where 
needed. 

The country in which these works ha%'e been executed is only 
77,120,000 acres superficial (France itself being 131,9li(i,525 acres 
nearly), including the Little Desert, which occupies above two- 
thirds of the surfrtce. The densely -peopled portions are the ci\"il 
territories of the Prefectures of Algiers, Oraii, and Constantine, 
whose total surfaces are only 700,902 acres. The population in 
181-8 consisted of 6t,i23 Frenchmen, it5J41 other Europeans, 
mostly Maltese, Spaniards, and Sicilians. The different sexes and 
ages are — men, 4«>,S39; women, 34,937; children, 34,I8S. The 
indigenous population is supposed to be three millions; and the 
army of occupation l>0,000 men. 

47» 



I 



I 



S5(S 



THE CTVfL ENGIXEER AND ARrHITECTS JOURNAL, 



|_XoirrafBtm, 



Hag onr occupation of India produced equal advanta^^s to the 
tiiitive trilie^? Have we done so much to assist their advance 

in civilisiition? If not, have we not rather abused our streni^^th 
than fulfilled the duty our suTterior intellectual position imposes 
on us; and dhnll we not suffer the penalty sooner or later r A 
foreign nation never cnn retain posnession of another country, 
unless it secure to its subjects a greater amount of h^ippinesa and 

{iNwpenty th*in it could procure it«elf. Doubtlessly, the native 
cingHof fniiia did lei3*« for their subjects than the Company has 
done; but the example of the French government would lend us 
to question whether we have fulfilled our whole duty* There are 
in India far less artificial me^insof commuTtication than there are 
in Altreria. Yet what are the relative popntationn, surfaces and 
especially, whut are theYevenues obtained in the respective caaes? 
For it is to he observed, that Algeria has ctist France at least four 
milisouH titerlin^ per annum for the last 2U years, whilst India 
yields a lurge i»um to be divided amon^tjt the share or bondholder» 
every year, 

Geo. R. BtTENELL. 
SQuthmnplon^ OcL 'i^rd^ 1850. 



VENTILATING APPARATUS. 

Ik No. 152 of the Journal (p, 145), we pointed out the efficient 
internal arrangements of the York County Lunatic Awlum, of 
which we ijave the plans and elevation* Amon^ thei»e arranire- 
menta, which we could not then particularly describe, is the venti- 
lating apparatus^ which was exhibited to iseverul architects and 
men of science at the warehouAe of Messrs* Baily, ironmongern^ 
High HoIbonK This apparatus is constructed under the direc- 
tions of Or. Arnot, and Wiis exptained by him to Lord Wriothes- 
ley. Sir Thomas Deune, Dr* Ure, Profer*sor Donaldson, Mr. Fowler, 
Nlr. Godwin, Mr Lax ton, and some other gentlemen. Those whf» 
know the enlightened, energetic, and disinterciited efforts of Dr. 
Arnot for the extension of mechaniraJ appliances in aid of 
hygienic science, will not fail to receive with pleasure this new 
application of his ingenuity. The water-bed, much as it may he 
justly esteemed by medical men, is no less an admirable exemplifi- 
cation of mechanical skill in the adaptation of simple niejinsf^* 
The apparatus which we are now about to describe, ii^ likewise 
very simple, and at the same time promises to be very effective. 

The apparatus is shown in the annexed eng"ravings, of which 
fig, 1 is a plan and fig, "2 a sectioUn, taken through the centre from 
A to B. It consists of a fixed cylinder, placed in the centre of a 
room, and which cylinder is about 5 ft. 6 in, diameter and 5 ft. high; 
with a chamber above and below, each furnished with inlet- valves 
to receive the air from the fresh-air shaft, and outlet- valves to 
deliver the air into the adjacent chamber^ and thence distributed 
through the building. The cylinder is made of galvanised iron, 
is open at both ends, and has an outer case at about M inches 
distance, and the whole depth of the cylinder filled with water, 
which forms an annular hydraulic joint. IVithln this cylinder is 
another cylinder, 5 ft. 9 in, diameter, inclosed on the top, similar 
to the rising bell of a gas-holder; the rim of this cylinder works 
up and down in the water cont^iined in the annular rim just 
described. By this arrangement the communication with the 
upper and lower compartments is cut off. 

llie working cylinder is iiuspended to the end of a moveable 
beam about 10 feet long, and balanced by a weight or bob sus- 
pended to the other end, etjual in weight to the moveable bellj 
minus a sufficient weight to cause the bell to descend and expel 
the air in the lower compartment. Now, for the purpose of setting 
the beam in motion, it is necessury to have some moveable power 
to overcome the friction of the moveable parts and the air. For 
this purpi^se Dr. Arntit has adopted a single action water-engine, 
having a cylinder 2 inches diameter and 12 inches stroke; to be 
supplied by water from a reservoir placed on tlie top of the build- 
ing, f»0 feet above the engine* A column of water of this altitude 
acts with a pressure of ahout 30 lb. on every moveable square inch 
of the piston; and if the piston be finches diameter, it will he 
equal in round numbers to 3 square inches, consetiuently the force 
of the water acting on the piston will he 3 X 30 =: 90 lb.; and 
this 18 the power with which the Doctor proposes to work the ap- 
paratiis, and as the engine is single-acting, the cylinder will 
require about a pint of water for every stroke* Thus, if the 
enfpne works 8 strokes per minute, it will require 8 pints of 
water, or 1 gallon per minute, to keep the b«ani moviog. 



This engine is placed so that the connecting-rod is connected 
with the moveable beam at I foot from the fulcrum; and if the 
beam have a radius of 5 feet, and the working cylinder be siiis- 
pended at the end of the beam^ the bell wilJ be elevated 5 feet at 
every stroke of the engine. When the piston has performed cme 
upward stroke by the pressure of the water, the water is cut olF 
by a slide- valve, and that which is within the cylinder ta discharged 
into an ooen pipe; consequently, the extra weight of the moveable 
pt^rts will cause the piston to descend, and at the same time 
the working cylinder will also descend. Now, if we suppose 
that at the commencement of the working of the apparatus the 
working cylinder is close down on to the fixed cylinder, the upper 
compartment will be filled with air, and as it rises it will displace 
a quantity of air equal in capacity to the cubic contents of the 
working cylinder, and force it out of the valves that open out- 
wHrds; and at the same time that the cylinder is rising, the space 
below is increasing equal in capacity to the cylinder, and a quan- 
tity of air rush en in through the valves opening inwards, and fills 
up the space; and when the bell begins to descend, the lower inlet- 
valves close and the lower outlet-valves open, and the air that is 
below is forced out through the outlet- valves of the lower com- 
partment, and at the same time the air is being admitted into the 
upjier compartnient, as before described. By this means the action 
is double, and a constant stream of air is being taken in through 
either of the inlet- valves, and forced out through the upper or 
lower outlet-valves into the adjacent chamber, and theace tlirough 
trunks and cases to all parts of the building. 

Now, it has been shown, that for every stroke of the engine the 
workiHg cylinder displaces a quantity of air equal to ita capacity 
in both the bottom and upper compiirtments; and as the capacity 
of the working cylinder is equal t« \2^ cubic feet, it displaces in 
both cfimpartments 250 cubic feet for every upward and downward 
stroke of the engine, at an expense of one pint of water, descend- 
ing from an altitude of 60 feet; and if the engine works 8 stroket 
per minute, it will displace 2000 cubic feet of air, at an expense of 
8 pints, or one gallon of water, which is equal to 2,880,000 cubic 
feet of air, displaced by the aid of 14-40 gallons of water for Si 
hours. These are the proportions proposed by Dr. Arnot for 
ventilating York Hospital. 

For the purpose of feeding the apparatus, pure air is brought 
down a shaft, the top of which is considerably above the top of the 
building, and which communicates at the bottom with the chambtfrs 
before described; and if it be desired that the air be warmed, it is 
effected by allowing the air, as it is expelled from the chambers, 
on tt.s passage to the trunks, to pass between a series of hollow 
copper vessels filled with hot water. 

The adaptation of the water-engine, which Dr. Arnot proposet 
to adopt, is particularly desirable, as it can be worked at compara* 
tively little expense, and the water, after it has done its work ia 
the engine, may be used for domestic purposes. It will also be 
seen that by this iipjjaratus the whole of the air forced in for ven- 
tilation can be accurately measured if a counter be attached to 
the engine to show the number of strokes the engine has performed 
during the day. 



Reference to En^nsvitufw* 
Si in liar lettera refer to nimilar parti in etch figure, 

A^ is a fixed cylinder, apen at both endi with outer ca»e a, filled with wster, 
forming ID annular hydraulic jtiiat. 

B, workieig cylinder lactoaed on the top sad open at the bottom; Ihe rim 
works up and down in the hydraulic joint a, 

C| C\ upper acid lower crhimhen, with inlet valves f «, opening inwards to 
take in the air from the riternal air-thaft E; and outlet valvet or, open- 
ing oiitwardi to convey the air to the ahaft D^ and thence to the builditig 
through the trunk T. 

F, furnAce-room^ in which la placed the boiler with four vqtiare fire- boxea 
/*/%/%/. to heat the water for tupplyiog the copper celli g^ when it la 
rfqutrird to warm the air aa it ta being forced into the building; there are 
aeveral of these copper heating cella plaeed side by tide, with Darrow 
ipacei between for the air to pais through. 

H, a water-engine^ acted on hy a column of water on one side of the pitfoo, 
which is brought hy a pipe A, ttam a cistern placed on the rnnf 6ft feet 
ahoie; /. i» an air-vessel to prevent concuitloa by cutting off the water 
BUfidetily ; A, gear for opening and shutting the eductioQ and inductioB 
valrea; /, piBton and connecting-rod. 

K, balance -bfam ; at one end is fixed a chain to auapend the worktag 
cylinder, aud ai the oibcr ead is au other chaia lo «u»pcud a balaD««« 
m eight m. 
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EARTHWORK CALCULATIONS. 

On the Calculating of Earthwork. By James Henderson, C.E., 
Glasgow. 

In the calculating of earthwork, where the base and slooes are 
regular and uniform, as in the case of railways, roads, &c., the fol- 
lowing short table I have found both useful and exp<:ditious: 



No/t 
F«tt. 


Centre. 


Sldee. 


Otffcrerce. 


No.** 
Feet. 


Centre. 


Sides. 


Difference. 


I 


1-4 


S4 


•2 


26 


635 


l<»2-4 


1877 


2 


49 


9-8 


•8 


27 




17H2-0 


148*5 


8 


7-3 


33D 


18 


28 


68*4 


J9lrt-4 


159 7 


4 


9-U 


89-1 


8-8 


29 


70-9 


9055-8 


171-3 


6 


12-2 


611 


51 


80 


73*8 


2«)0-0 


183*3 


9 


14 7 


88*0 


7-8 


81 


75-8 


23491 


19.V8 


7 


171 


1198 


10-0 


82 


78 2 


25(t:{l 


208*6 


S 


19-5 


l.'.64 


130 


33 


807 


2';62-0 


S21*8 


9 


2JU 


1980 


lff» 


34 


8A\ 


•Jt<2h-ti 


235 5 


10 


24 4 


244-4 


20*4 


35 


855 


•-994*4 


2495 


11 


269 


29.V8 


24*6 


86 


880 


31'W-O 


264*0 


U 


WM 


3520 


29-3 


37 


90-4 


3M4-J-4 


278-9 


13 


31-8 


4181 


34-4 


38 


929 


'X,2ii 8 


294 1 


14 


843 


479-1 


8!!^ 


89 


9.V3 


37180 


301*8 


U 


86-7 


650 


4&-8 


40 


17-8 


8911*1 


825 9 


1« 


89-1 


626^ 


52*1 


41 


100-2 


4109-1 


8424 


17 


415 


70«-4 


58-9 


42 


l«»2-7 


4.112*0 


8.'i93 


IH 


44-0 


792*0 


660 


43 


105-1 


4519*8 


876-6 


19 


40-4 


88*2-4 


73-5 


44 


107-5 


4732-4 


894*4 


20 


48-9 


977-8 


81-5 


45 


110-0 


49J00 


4125 


21 


Al*8 


1078-0 


89*8 


46 


iir4 


5172-4 


4810 


W 


53*8 


11831 


98-B 


47 


114 9 


5399-8 


450*0 


2» 


M2 


1293*1 


l»7'6 


48 


117 8 


66320 


4tf9-8 


34 


58-7 


1408 


117-8 


49 


119 8 


5869*1 


489-1 


a 


«11 


1M7-8 


127-8 


60 


1222 


6111*1 


509^8 



Rule. To the quantity in column of Sides, corresponding to the 
mean height in column of No.'s, add the quantity in column of 
Difference corresponding to the difference of heights in column of 
No.'s, and multiply the sum by the length of cut or bank in chains; 
and that product by the slope of banks, for the cubic yards in sides 
of said cut or bank. 

Again, multiply the quantity in column of Centre, corresponding 
to the mean height in column of No.'s, by the length of the cut or 
bank, in chains; and that product by the breadth of base, in feet, 
for the cubic Yfvrds in centre of said cut or bank. 

The sum of these two quantities gives the total cutting or bank- 
ing, in cubic yards. 

Example. 



TransverM Section. 





Longitudinal Section. 



Ungthi. 


Bfean and 
difference 
of heights. 


Centre. 


Sum of 
•Idee and 
difference. 


Product of 
centre and 
length!. 


Product of mm of 

■Idea and d'fference 

Into lengtha. 


7 


25 
10 


611 


1527-8 
20*4 

1548*2 


427*7 


10837-4 


6 


22 
16 


53*8 


1183*1 
521 

1235-2 


322-8 


7411*2 



750*5 
30 

22515 



18248 6 
U 

18248 6 
9124*3 



Sides.. 27372*9 
Ceairt . 225150 



Total . . 49887 9 cubic yds. 



The principle on which this table is based ii^That the differ- 
ence between the true contents of the sides of a cut or hank and 
the contents found by taking the mean section, varies as the sqoare 
of the difference of heights ; the true contents more or less ex- 
ceeding the contents obtained by taking the mean section as the 
difference of heights is more or less. In table, the quantities in 
column of Sides are the contents of sides by taking the mean see- 
tion, and the quantities in column of Difference those required to be 
added in order to obtain the true contents. In Bidder s table for 
calculating earthwork, the true contents of sides are given for 
every variation of mean and difference, which consequently causes 
a very large number of different quantities in table ; so much so, 
that if, instead of being carried out every foot in hei^j^t to 50 feet, 
it were carried out everv tenth of a foot to 50 feet, it would oecnpy 
a good>sized volume; while, by keeping the diffierence separate, as 
in the above table, the same could be comprehended within a raw 
pages, and be less complicated. 

In this, as well as in Bidder's table, the contents are correct only 
when the ground is uniformly level transversely; but, as the sur^ 
face is generallv more or less sloped, it becomes important to 
ascertain the additional quantity required to be added in ordiw to 
obtain the true contents. 

Take C = contents as found by the former table; B = ^ of 
base in feet; L = length of cut or bank, in chains; S s= slope of 
banks; and T = tabular number corresponding to the slope of 
banks and surface of ground, as given in the adjoining table. 

/ 88.B«.L\ 
Then, (CH g ^ ) X T = additional quantity required to be 

added to oontents C, in order to obtain the true contents. 





Slope of buiki. 


Slope of 
groond. 












\k to 1 


2 tot. 


I in 5 


•0989 


•1904 


•* 10 


•0230 


•0416 


•• 15 


•0101 


-0181 


M 20 


•0056 


•0101 


"30 


•0025 


•0044 


"40 


•0014 


•0025 


"50 


•0009 


•0016 


"60 


•0006 


•0011 


"70 


•0004 


•0008 



Example. Suppose that in the former example the average slope 
of the ground was 1 in 10. Then, 

^i9887^9+ — 97iT— ) X -023 = 1257 cubic yards, 

which, added to 49887^9, gives 5n44^9 cubic yards for the true 
contents of cutting. 



SYMMETRIC PROPORTION. 



On an Application of the Lawe qf Numerical Harmonic Ratio to 
Forms generally, and particularly to that of the Human Figure. By 
D. R. Hay, Esq.— (Paper read at the Royal Society of Edinburgh.) 

The author stated in some prefatory remarks, that a belief in 
the operation of the laws of numerical harmonic ratio in the con- 
stitution of beautiful forms had long existed, although those lawi 
had not been systematised so as to render them applicable in the 
formative arts. In proof of this, Mr. Hay quotea a correspond- 
ence upon the subject of harmonic ratio, between Sir John Harring- 
ton and Sir Isaac Newton, in which the latter expresses his belief m 
such laws in the following words: *'I am inclined to believe some 
general laws of the Creator prevailed with respect to the agree- 
able or unpleasing affections of all our senses; at least, the sup- 
position does not derogate from the power or wisdom of God, and 
seems highly consonant to the simplicity of the macrocosm in * 
general" The belief of this great philosopher, the author trusted, 
would form some apology to men of science for the repeated at- 
tempts he has made to establish the fact. These attempts he had 
hitherto made with reference to architecture, to ornamental 
design, and latterly to the human head and countenance; but on 
the present occasion he intended to show the operation of these 
laws in constituting the symmetrical beauty of the entire human 
figure. 

He next proceeded to point out the remarkable similarity that 
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exists in the phfsical constitution of the organs of hearing and 
seeing, and the manner in which external nature affects the sen- 
■orium through these organs; showing the difference between 
noises and musical sounds in the one case, and irre^lar and 
regular forms in the other. He explained that each musical sound 
was produced by a number of equal and re^lar impulses made 
upon the air, the frequency of which determining the pitch of the 
sound; their violence its loudness; and the nature of the material 
by which the impulses were made its quality or tone. In like 
manner, he showed that the effect upon the optic nerve produced 
by external objects is simply that of the action of light, and amen- 
able to the same laws. Variety of form being analogous to variety 
of pitch; variety of size to that of intensity or loudness; and 
Yariety of colour to that of quality or tone. 

Mr. Hay next explained the nature of the harmonics of sound, 
which result from the spontaneous division of the string of a 
monochord by the formation of nodes during its vibratory motion. 
He then showed how the harmonics of form could be evolved from 
the quadrant of a circle by the following process: — 




Pl». I. PMc. «. 

From a horizontal line MR, fig. 1, he produced two parallel 
yertical lines ML, and RS, indefinitely, and with a radius MR de- 
scribed, from the centre M, the quadrant OR. From O, he di- 
vided the arc of the quadrant into parts of |, |, i^ ^, ^ ^ and ^. 
From the centre M, and through these divisions, he produced the 
lines MN, MP, MQ, MT, MU, MV, and MS, until they met RS, 
forming the right-angled triangles MPR, MQR, MTR, MUR, 
MVR, and MSK. He then showed, that as the angles at the 
vertex of each of these triangles, contained respectively 45% 30% 
«2*^, 30', 18% 15% 12°, 51', 26% 11% 15', they related to the right 
angle, as the harmonics of sound, expressed by the signs c, g, C, £, 

g, b, and c, relate to the fundamental note C, produced by the 
string of the monochord. These triangles he combined in the 
following manner upon a line AB, fig. 2, which he said might be 
of any given length according to the size of the figure to be 
formed. From B, at an angle of 11° 15' with AB, he drew the 
line B^, indefinitely, and from A at an angle of 15° with AB the line 
Kr also indefinitely, and cutting B^, in K. Through K, he drew 
KL at right angles with AB, forming the triangles ALK and 



KLB. Through K he drew the line pO parallel to AB. From A 
at an angle of 12° 51' 26" with AB he drew AV, cutting pO in M, 
and drew MN at right angles with AB, forming the triangle AMN. 
From A at an angle of 18° with AB, he drew Au, cutting fO in 
H, and drew HI at right angles with AB, forming the triangle 
AH I. From A at an angle of 22° 30' with AB, he drew A/, cut- 
ting pO in F, and drew FG at right angles with AB, forming the 
triangle AFG. From A at an angle of 30° with AB he drew A#, 
cutting p() in C, and drew CD at right angles with AB, forming 
the triangle ACD. From C at an angle of 45° with AB and CD he 
drew CE, forming the triangle CDE. Thus, he observed, were the 
triangles arising from the harmonic angles constructed upon AB 
in the same relative proportions to each other, that they were 
when formed upon the line RS, iig. 1. Upon the other side of 
AB he constructed similar triangles forming the equilateral tri- 
angle ACC; the right-angled isosceles triangle ffCC, and the 
acute-anffled isosceles triangles AFF, AHH, AKK, AMM, and 
BKK. Within this diagram he showed that the human skdeton 
could be formed in the most perfect proportions, determining, at 
the same time, the centres of all the various motions of the joints; 
and also that the symmetrical beauty of the external form, whe- 
ther in a front or profile view, was governed by these angles; thus 
endeavouring to prove that an application of tne laws of numerical 
harmonic ratio in the practice of the sculptor and painter would 
give these imitative arts a more scientific character than they at 
present possess, and, so far from retarding the efforts of genius, 
would rather tend to facilitate and assist them. 

Professor Kelland's Exposition qf the View9 qf D. R. HikT, Esq., 
on Symmetrie Proportion, 

The fundamental hypothesis of the author was stated to be 
this: — That the eye is capable of appreciating the exact subdivision 
of spaces, just as the ear is capable of appreciating the exact sub- 
divisions of intervals of time; so that the division of space into an 
exact number of equal parts will affect the eye agreeably in the 
same way that the division of the time of vibration in music, into 
an exact number of equal parts, agreeably affects the ear. But 
the question now arises — What spaces does the eye most readily 
divide? It was stated that the author supposes those spaces to bie 
angles, not lines; believing that the eye is more affected by direc- 
tion than by distance. The basis of his theory, accordingly, is, 
that bodies are agreeable to the eye, so far as symmetry is con- 
cerned, whenever the principal angles are exact submultiples of 
some common fundamental angle. According to this theory we 
should expect to find, that spaces in which the prominent lines 
are horizontal and vertical lines, will be agreeable to the eye when 
all the principal parallelograms fulfil the condition that the dia- 
gonals make with the sides, angles which are exact submultiples of 
one or of a few right angles. This application of the theory was 
exemplified by a sketch of the new Corn Exchange erected in the 
Grassmarket, Edinburgh, by David Cousin, Eso., whose beautiful 
design was shown to have been constructed with a speciai refer- 
ence to the fulfilment of this condition. 

The author was stated to proceed to apply his theory to the con- 
struction of the human figure, in which we should expect a priori 
to find the most perfect development of symmetric beauty. Dia- 
grams were exhibited which represent, with remarkable accuracy, 
the human figure; and- it was explained that not a single lineal 
measure is employed in their construction. The liue which shall 
represent the height of the figure being once assumed, every other 
line is determined by means of angles aloue. For the female figure, 
those angles are, one-half, one>third, one-fourth, one>fifth, one- 
sixth, one-seventh, and one-eighth of a right-angle, and no others. 
It must be evident, therefore, that, admitting the supposition that 
the eye appreciates and approves of the equal division of the space 
about a point, this figure is the most perfect which can be con> 
ceived. Every line makes with every other line a good angle. 
The male figure was stated to be constructed upon the female figure 
by alterini^ most of the angles in the proportion of 9 : 8 ; the pro* 
portion which the ordinary untempered flat seventh bears to the 
tonic. 

A drawing was exhibited, which had been designed with great 
care from the life, by the distinguished academician, John A. 
Houston, Esq. On this drawing the author had constructed his 
diagrams; and the coincidence of theory with fact was seen to be 
complete. Professor Kelland argued, that a principle so simple 
and comprehensive in its character, and thus far apparently truth- 
ful ill the conclusions to which it leads, merits, ana should receive, 
the most complete and rigid examination. 
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PLATE-IRON GIRDER BRIDGES. 

The annexed engravinpa show the construction of one of the 
numerous bridges which have been designed by Mr, Martin, the 
cngiaeer, to carry the railway from the London and North- 
Westera Railway to the East and West India Docks, It carries 
the railway over Randolph-street, Camden Town. 

The peculiarity consistH in constructing- the brid^ with two 
side giraers, each of a single web, of plates of iron, 7 1 feet long-, 
6 ft, 7^ inch high, and -j^-inch thick; put together with plates 
5 inches wide, overlapping the vertical joints, and l^nch rivets 
placed 3 inches apart, and fixed to the top and hottom plates by 
angle^iron 3 inches wide, and J-inch rivets. The bottom plate U 
2 ft, e in, wide, made with -jVi'^^^h plates in lengths of 8 feet each, 
with plates overlapping the joints 6 in wide. The outer flange ih 
curved down 1 inch, to throw off the wet; the top plate is 2 ft. » in. 
girt, made with -,%-inch plates, excepting tiie three middle plates, 
which are |-inch in thickness; the top is curved down 5 inches, 
and put together with inch rivets. The girders are stiffened by 
eight vertical plates on each side of the web, of ^^inch iron, fixed 
by angle-iron 3 inches wide, and J^inch rivets placed 4 inches 
apart. There are also two similar stiffeners at each end, of ^-inch 
iron. The top plate is further stiffened by stays of T-iron, 5 J inch 
wide between each pair of stifferiers. 
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>¥\g. 2»— iside View of Lotifftudlnml Gkd^r* 
The crms ffirders are 24ft, Gin, long^ and 1 ft. 4 in. high, made 
with f-inch plates in three lengths, and stiffened by angle-iron 
top and bottom and on each side, 3| inches wide, and fastened with 
J^incb rivets I inrhes apart. The ends of these cross girders re«t 
upon the two girders first dcflcribed. 

Fig. I 18 a cross section of the btidge. Fig. 9 is a side view of 
part of one of the lougitadinul girders. Fig. '1 is* an enlarged sec- 
tion of one of the girders, showing the btiffeners. Fig. 4 is a section 
through the same girder, showing the stays to stiffen the top plate. 
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THE BRITANNIA BRIDGE. 

Thb permanent public opening of the new line of tubes for the 
down line from London to Dublin took place on Monday Slat ult , 
the great structure beine* now in all important respects made 
complete. On the liJth Oct , Captain Simmons, the (tovernment 
Inspector, went over it early in the morning, and instituted, in 
conjunction with the engineers, a long seriej* of experiments. 

The first experiment contii«ted in passing two lorotMotive engines 
through the lube, and resting them at iutervftk in the centre of 
the sectiims. At 9 o'clock a train of 28 wagons and two locomo* 
tives, with 2H0 tons of coal, was drawn into all four of the tubes, 
the deflections Iming carefully noted. These deflections were 
ascertained to be exactly three-fourths of an inch under thia loud. 
After repetitions of these exj>eriment;il ordoalM, which occupied 
several boutK-, the train of 2H0 ton**, with its two locomotives, was 
taken out abotit a mile distant from the tube, and then suddenly 
fdiot through it with the greatest atlainsdde rapidity, and the 
result was that the deflection at tins immeuKe velocity of h»:jd was 
sensibly less in the way of undulatiun thun when the load was 
allowed to remain at rest on the tube. The contrivance by which 



the effects are indicated with great precision consists in a large 
pipe containing water, laid along the lower cells of the tube, one 
end rising up within the tube at the centre, and the other end 
fixed against the stonework of the abutments of the bridge. Both 
extremities of this pipe are furnished with glass tubes and gradu- 
ated scales, by which the relative levels of the water were eaaily 
ascertained. As the slightest leakage or evaporation over the 
ordinary thermometric expansion of the water would derange the 
level, while only half the actual deflection of the tube was regis- 
tered at each end of the pipe, these disadvantages are obviated by 
the addition of a large reservoir of water in the interior of the tube^ 
which is co^'ered with oil and placed beside the graduated scale. 

Messrs. E. and L. Clark, the resident engineers, who have 
watched minutely from day to day all the developed peculiarities 
of the novel undertaking, state th«t the heaviest galew through 
the Straits do not produce ftO much motion over the extent of 
either tube as the pressure against the side of the tubes of 10 
men ; and that the pressure of ID men keeping time with the 
vibrations produces an oscilhition of l| inch, tne tube itself mak- 
ing 67 double vibrations per minute. The strongest gusts of wind 
that have swept up the Channel during the late stormy weather 
do not cause a vibration of more than a quarter of an inch. The 
broadside of a storm causes* an oscillation of less than an inch ; 
but when the two tubes are braced together by frames, which is 
now being done, these motions, it is expected, will cease. The 
action of the sun at midday does not move them more than a 
quarter or three-eighths of an inch. The daily expansion and 
contraction of the tube varies from half an inch to three inches, 
attaining either the maximum or minimum at about 3 o'clock a,m. 
and p.m. If a compass be held over any part of the bottom of 
the cells* the south pole is affected, and if held over the top of the 
cells, the north pole is affected; nnd this effect is* tibservable in all 
parts of the tube, whether at the centre or the end, although their 
position is only about 10° west of the magnetic meridian. Pre- 
parations are making for covering the tubes with a light arched 
roof of peculiar construction. 



GRAND CONTINENTAL CANAL. 

A Belgian entriTieer, M. de Laveleye, proposes to connect the 
Seine and the Rhine by means of a caoal. This was one of 
CJiarlemagne's ideiis — equally with that couuertion of the Rhine 
and the Danube whii'h hws been effected in our own day by means 
of the Ludwig Canal. The points which M. de Laveleye proposes 
to connect — Sedan and Trier^ — are but ninety-five miles asunder, 
intersected by the rich and populous Grand Duchy of Luxembourg; 
and presuming the canal to be made, navigation would be open 
from London to the Itlack Sea and Constantinople, through the 
heart of the Continent, and by means of the great watercourses 
on or near whose banks lie the'materials of nearly all the internal 
and external trade of Europe, Vessels would ascend the Seine 
from Havre to the junction of the Oiee — they would turn up that 
river and continue to the Aisne — there they woidd again qnit the 
main stream and proceed to the Ardennes Canal. At Dunchery 
that canal falls into the Meu»-e, which is navigable already to 
Sedan. Thcr^e river:* and canals are at present connected by 
tributaries and branches with the wimle of north-eastern France, 
from Rouen to the wine- fields of Champagne, and also with the 
coal and metallic beds of Belgium. Less thiin a hundred miles of 
cutting — but through a district of which we suspect all the 
engineering difficulties are not fairly stated — will ctinnect this 
immense net-work of navig;itioii with another wtill larger and 
more important — of which the Rhine and the iJanube are the 
main highways — Prussia, Germany, Aus^triii, Hungary, and the 
Eastern provinces are the chief features — and the Black Sea and 
the Mediterranean ure the great outleti^. The Mogelle alreudy 
reaches the foot of the Ardeoues. From it to the Meuse the 
distance is what we have stated. From Trier the navigation is 
open to Coblentz,^ — the Rhine would carry the vessels up to the 
Elaine,— this river takes them past the trading emporium of 
Frankfort to the Ludwig Canal, and so into the Danube. On the 
fact* of such a project the advantages to France seem to be greater 
than to any other coontry — but the subject engages more attention 
in Vienna than in Paris, The estimated cost is 1,600,000/,, — a 
large sum; hut the results are apparently of such magnitude as to 
insure the execution of the work i»t some period or other. The 
whole system of Eurcipean internal navigation is incomplete tio 
long as the eastern and western branches remjtin unconnected. — 
Aihcuetum, 
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METEOROLOGICAL QUARTERLY REPORT. 

On the Meteorology of England and Sottth of Scot (and dnring the 
Quarter ending September 30^ 1850. By James Glaihiikk, E*q., 
F.R,S., Hon, Sec. of the British Meteorological Society* 

Tbe mean diitr temperature of the iir wai hclow tti average value tlU 
July 13; the tneen defect wat 2-2°; from July 12 to tbe 24tb llie peritid 
was warm, and the average exeesi of tempeniure wai 4-8°; from JuTy 25 
to Augi]iC 3 the teroperaiure wa* below Ihc aferage ; rU mean deficiency 
was 1<^; from August 4 lo Auguii 18, tt was above the avenge; tbe mean 
excess was 2^ ; this was followed by a long period of line, clear, dry, but 
cold weatber; the average deficiency of temperature between August 1& *nd 
September 17 wai 3 5°, and after Septeiober l!^ tbe daUy temperatures were 
slightly above their avenge values. Snow fell on Ben Lomond on Auguil 
23rd, 

Tbe several subjects of research in the past qnarter are detailed below. 

The mean temperature of the Air at Greenwich for the three months 
ending Auguit^ conititutmg the three summer monLbit was 61'P| being 
1*2^ above tbe average of the 79 preceding sum men.* 

For tbe month of July was 62*2°, exceeding that of the average of tbe 
preceding 79 years by O'lJo, and of the preceding 9 years by O?^. 

For the month of August wss 60'2°, being 5° let* than the average of tbe 
79 preceding yean, and QSf^ ten than that of the preceding 9 years. 

Fortbemontb of September was 56*4°, exceeding the average from the 
79 preceding years by 0*1% and lett than that of tbe preceding 9 years by 
7°. 

Tbe mean for tbe qnarter was 59*6^, exceeding tbst ot the avenze of Ibe 
79 preceding summer quarters bv 0-2'\ and iea than that of the 9 preceding 
yeara by 0-3^ 

The mean temperature qf Evaporation at Greenwich for the mnntli of 
July was hB&^i for Augmt was SG-fi"^ ; and for June was 52*9^ Tbeie 
values are 0*9"* greater i 0-2° greater, and r6° te$9 thati those of tbe ave- 
rages of the tame montha in the preceding 9 yeara. 

The mean temperature t^ Ihf Dew Point at Greenwich for the months of 
July, August, and September, w^rw 5:> 8"^, b^'V, and l7*7° respectively. 
These values are hb° greater, 'Zi}° iexg, and 4 7° ie« respectively than the 
averages of the same momths in the preceding 9 years. 

The mean elastic force of Vapour at Greenwich for the quarter wis 
0*422 inch ; being ieu than the average from the preceding 9 years by 
008 inch. 

The mean weighf qf Water in a cubic foot ^f Atr for the quarter wss 
4'B grains, being of Ibe same value aa the average from tbe preceding 
9 years. 

The mean degree qf Humidity in July was 0*88, in August vas 0-01, •"(! 
in Septi-mher was 0'75. The averages from tlie 9 preceding years were 
0*79. 63, and 0-85 respectively. 

The mean reading of the Barometer at Greenwich in July was 29'789 
inches; in August was 29 787 ; atid in September w»* 29 930. These read- 
ings arc 0010 ie$», of the tame ralue, and 0121 greater respectively, tban 
the averages of tbe same months in ibe precediitg 9 years. 

The average weight of a cubic foot nf Air in the qnarter was 527 grainsi 
exceeding that of the average of Ibe preceding 9 years by 1 grain. 

The Rain fatten at Greemeich in July was 29 infbea» in August waa l'9 
inch, and in September was 13 inch. The falls for theie months, on 
an average of 9 years, are 23 inches, 2*6 inches, and 2 3 inches reaf>ec- 
tively. 

The aperagedaiiy ranget qfthe readings of the Thermometer in Air tti the 
height of 4 fret above the soil, in July was 20 0°, in August was ld'G°, mod 
in September was 17'P, The averages for these inonthi from tbe pre- 
ceding 9 years were 19'4°, 1 7 '6°, and IH'^^ respectively. 

The minimum readingt qf the Thermometer on Grau, with its bulb folly 
expoied to the iky, wis at or below 40^ on S nightH ; tbe lowest was 34° i 
atid was above 40^^ on 23 nights ; the highest reading was 555*^. In August 
the readings were at and below 52^ on 2 nightt ; the lowest reading was 
25° I between 32° and 40"" on 6 nights, and above 40'* on 23 nights ; tbe 
higheit reading wis 58°. In September tbe readings were at or below 32^ 
on 9 nights, the lowest reading was 24^ ; between 32° and 40^ on nights, 
and above 40*^ on 15 nights, and the higheit reading was !)0^* 

The dailg horiiontat movement qf the Air at Greenwich in July wis 79 
miles, in Aogust was 119 miles, and in September was 82 miles.f 

The Temperature of the utater of the Thames t from the observationa of 
Lieut. Sanders, 11. N., Superintendent of the Dreadnought hospital •ship, was 
64 6° in July, 63-2*^ in August, and 57 9'' in Septemi^er. 

Thunder Storms occurred on Juig 2 at Liverpool ; on the 4th, at Uck* 
field and Notiingham ; on the 9th at Uckfield ; on the ISlh at Oxford, 
Aylesbury, Hartwell •house and Rectory; Stone, Holkham, Norwich^ and 
Oxford ; on the iSth at Holkhami Hawarden, Liverpool, Manchester, Nor- 

* See Tojr |»ip^r In the Phitotophisd Tr^HtadioHS tpurt li, ^HM, upon tht t^ii^peritiirv 
IcCm ot the yeafis h-om 1771 lo lti4it s ind also set tb« IStMtrrtUd Li>»tU>n AhmyMck foi Ib^l, 
loraooie |j«rikuUr» «r«ll those year*. 

t ate (be Fkito*opkieal Magtuitm for Ntrrembcr for Wind Tallies, &c 



wich, Nottingham, and Stonyhurst J on the 17th at Greenwich, UckfiHd, 
Aylesbury, tlartwell, Stone* Liualade, Cardingtoo, Ltic«ater, Greeowicb, 
Nnitingham, and a.w. of Ounino; on tbe 18th at Heltton, Exeter, Greea. 
wicb, St. John's Wood, Oxford, Aylesbury^ Bart writ, Stone, Linslade, 
Cardington, Leicester, Dtirham, aid Noitingham ; on the 23rd at Jersey 
and Hawarden ; at Exeier on the 25tb ; on the 2dth at Guernsey and 
llelston 1 on August 3 at Rote*hil1, Oxford ; on the 5tb at Ho)kbam ; oo 
the 6th at Stone and Dunino ; on the 7th at Ilartwell; on the 8tb at 
Oxford, Hartwellf Stone, Linslatle, Cardington, Hawarden, Liverpool, Turk, 
and North Shields ; on the 9ih at York and Hart well Rectory ; on the 12th 
at Greenwich, Norwich, and Oxford ; on the 13th and 15th at St. Jobo'i 
Wood; on the 19th at Liverpool; on the 20that Florkham and Nottingham; 
the 2lBt at Nottingham ; the 24th at Greenwich and Hartwell ; the 27th 
at Guernsey; the 29ih at Guernsey and Uelston ; and on tbe 30th at 
Guernsey; on September 20th at Exeter; on the 23rd at Holkham and 
Norwich; on the 24 th at H oik bam ; on the 26ib at Stonyhurst ; and oo 
the 30th at Jersey and Trowbridge. 

At Uckfield, during tbe third week of July, the weather waa wet, asd 
several thunder storms visited many places in Suisex. 

At Hartwell Rectory, on July I5tb, at 1 h. 30 m., there was a stornB^ witb 
thunder and lightning, and rain fell to the depth of 0*510 inch: the 
weather continued stormy with sheet lightning all the evening. On Joly 
17 th, at 6 h. 30 m. p.m., there was another thunder storm, hut very little 
rain fell ; and shi^et lightning occurred at intervals during the evening, to the 
H^. and w. On July 18th, at 3 h. 30 m« p.m., there was a thunder stonn, 
followed by sheet lightning all the eveoingt with heavy raia falliog, 
amounting next morning to 1-610 iocb. 

At York, on August 8ih, between the hours of 6 and 8 in tbe eTening, 
there was a thunder storm. The Diocesan School and the Roman Catholic 
Chapel were struck by lib(htoing, and injured. Sheep were killed, and two 
individuafs were knocked down, but no human life was lost. This was tbe 
most severe storm which has visited York for the last 20 yeara. 

At Stony bunt, on July IGth. the lightning was the most brilliant Mr. 
Weld ever remembers to have wiloeaied. The thunder resemtiled the 
explosion of fireworks, and on several occasions lightning darted from 
the same centre in three or four directions : the sky seemed traversed in 
every direction by streaming lightning of the most vivid description. The 
thunder was incesiant, but very distant, and no rain fell. Mr. Weld beard 
of seven persons being killed, and about as many more struck, and several 
valuable cows and horses were destroyed. 

Thunder wat heard, but Light mng was not seen, on July 4 at Goertisey ; 
on the I6th at St. John's Wood, Linalade, Stone, and Wakedeld ; on tbe 
17th at Greenwich, Durham, and North Shields ; on tbe 18th at WakdSeld; 
on the 19lh at Stone; and on the 23rd at Guernsey; on August 6th at 
Oxford, Aylesbury, Holkham, and North Shields; on the 12th at Uckfield, 
Linilade, Holkham, Hawarden, and Liverpool ; on the 13th at Jersey; on 
the 19th at Norwich; on tbe 2ht at Dunino; on the 23rd at Cardington; 
on the 24Lh at Exeter, Oxford, Hartwell Rectory, and Stone; and on tbe 
2Hth at NuttiNgham; on September 3rd and 24tb at Aylesbury; oo tbe 
26th at Durham and North Shields ; and on the 27th at St. John's Wood. 

Lightning was seen, but Thunder was not heard on July 8th at Uckfleld ; 
on the 15th at Uckfidd, Hartwell Rectory, Stone, and ijtonyhur&t ; on tbe 
16th at Leicester, Noitingham, and Manchester; on the 17th at St. John's 
Wond, Oxford, Hartwt II Rectory, and Liverpool ; on the 19th at Stone j 
and on the 29tb at Manchester; ou August .'ith at Cardington and Stooe; 
on the 6th at Highfield llimte ; on the 8ih at Stonyhurst ; on the 9ib it 
Cardington; on the 16th at North Shields; on the 22nd at Norwich and 
North Shields ; on September 23rd at Uckfield, Greenwich, Linslade* and 
Cardington ; on the 24th at Greenwich, Oxford, and Stone ; on tbe 29th at 
Hartwell Rectory ; and on the 30th at Helston, Uckfield, Greenwich, St. 
John's Wood, Oxford, Hartwell Rectory, and Linslade. 

Aurone Boreates were seen at Norwich on July 5th ; on the 1 2th tit 
Norwich; on August 6th at Stone; on tbe 21st at Stone and Dunino; on 
September 6th and 10th at Nottingham ; on the 13th at Nottingham and 
Hawarden; on the 14(h at Stone; and on the 2dth at Hartwell House, 
Hartwell Rectory, and Stone. 

//oi7fcllou July t2th at Hawarden ; on the 20th at Oxford and L!«cr* 
pool; and at Dunino on the 21st and 22od ; on September 29(li at 
Gnernsey ; and on tbe 30th at Jersey. 

Snow fell on Ben Lomond on August 23rd. 
Meteors, 

At Uckfield meteors wera very numerous during the nights ol July 12, 
16, 30 ; and August 9; September 10, ii, and 12. 

At Hartwell Rectory, oo August 11, a large meteor waa aeen ti lOh. 
10m. p.m. 

At Stone, on July 13, at lib. 20m, p*m.| • meteor piMed from Ajctonis 
to Peterson's comet. 

On July 29, at 9h. 57m. p.m., a meteor crossed Corona Borealia frnm 
K* to ». 

September 6, at lib., a meteor pasied from Pisces to Fomalhaut. 

September 17, at 10b. 4m. p.m., a meteor paised from a Corona Borealii 
to 4^ above Saturn, 

September 28, at 9h. 30m., i meteor u bright aa Capella abut from 
a Draconis to y Urte Maoris. 
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Ac Stonjhrirst, fine m^^teors were i«eii an August 14, 23, 26, and 2D. 

At Htghrield House, netr Nottinghtmr an July i, it 9b. 26o3, p.m., i 
meieort which locretted in brilliancy and *\ze ta it prngrfiied, untilt from 
a mere point, it attained i site equal to three times the apparent diameter 
of Jupiter, and nrirly six times the brightness of that pUnet ; its colour 
wai pale hlue, and it fell nearly perpendicular downwards^ meliiiing very 
aligbtly towardi the e, ; it patjied from halfway between X and Anlinoui, 
fading awiy 2"^ tu tbe eait of a Capricorni, ftnd on the same level vtiih that 
atar. Its motion «rai slow, duration 2». ; at first was unicconipanied by 
aparkt; finally it luddenly separated, and almost instantly Ttnished. 

On July 9th, At I Oh. p,in.» a meteor was seen of twice the size of Jupiter, 
And similar in colour ; it fell downwards from Coma Bereniciet. 

On August 1, at 10 p.ni., a small meteofp with a train ot light, fell down, 
wards from a Aquile. 

On August 3, at lOh. 55m« p.m., a meteor, equal in tise to a atar of the 
iftb magnitude, fell rapidly frum a Corona Borcalis to £ Bootes; its dura- 
lion was U-59, aod it hf^came e^itiiiict initaotly. 

On August G, at lUb. pju.« three trBall meteors were seen; another 
meteor was seen at iOh. 22m. p.m., which fell from f Pegasi to $ Aqiuuii, 
leaving a train of light for 2U». afterward*. 

Oa August 8, at IOh. 20m* p.m., a^meteor was seen by A. $. H. Lowe. 
Esq., which fell from i Urs« Majoris; at 1 Ih. lam, p.m., a meteor fell from 
a Ophiucbi. 

Oq August 9, at llh. ISm. p.m., two meteors were leen^ one being in the 
tenith. 

On August 12, at lOh. 32m, p.m., E. J. Lowe, Esq., taw a meteor, which 
moved hon;&ontallyp and increased in biilliancy from being «*«jual to a star of 
ttie dftb to one of the second magnitude ; its colour was blue, and dura, 
lion 0*2)1. ; its path was from 24 Camelopardalisi towards A Draconis. 

On August 12^ at lOh. 33m„ a meteor passed from t Catisiopeiis lowardi 
9 Vnm Maj«>ris, and waa equal in size to a star of the third magnitude ; Iti 
cuk'ur was blue, ai^d its duration 0'5s. 

On the same nigbt, at lib. 9in., a meteor fell from between B, 7, and K 
Pegasi perpendicularly down to within 20'^ of tbe horizon, when it went 
behind a cloud, and from one tot wo seconds after, a fla»b, resembling liglitoing, 
and quite ai vivid, proceeded from behind the ckmd, followed immediately 
by a second ilasb i the meteor itself was about 12'' in diameter, was globu- 
lar in form, and yellow in colour; it moved very ibwly; this meteor waa 
followed by a train of light* 

On August 14, at Bh. ibm. p-m., t meteor was seen four or fife limes 
larger than Jupiter; it waa i pale straw colour, very globular in foroi, with 
a red-defined disc, 00 train of light visible; it ft-ll btrtween A Doolca and 
17 Ur^aB Majoris perpendicularly downwards ^ it passed 3*^ or 4^ north of the 
large group of stars in Coma Bereoiciea ; its duration waa 2s. 

On August 14, at dh, 4dm. p.m., a small meteor moved from 24 Came- 
lopirdabs to Ursfc Majorii ; its colour waa blue, and duration O'Sa. 

On the same nigbt, at 9h. 49m. p.m., a meteor fell perpendicularly down 
from a Caisirjpeia ; it was about the size of a star of the third magnitude, 
and of ■ blue colour. 

On August 22, at 10b. p.m., I meteor felt from t Cepbei through X An- 
dromeds^. 

On August 22, at lOh. 24m« p.m., a meteor was seen about tbe size of 
Arcturus, and of a yellow colour ; it fell perpendicularly down, inclining to 
the north from 5^ below y Bootes. 

On August 29, at 9h. &9m. 35i., ■ meteor of the size of a star of tbe third 
ma^itude was seen ; it was blue in colour, and moved very rapidly *, it 
pa«sed from it Bootes to Arcturus 1 its duration was O-^t. 

On August 29, at lOh. Im. p.m., i meteor of tbe size of a star of the 
aceond magnitude waa seen ; ita colour was red ; it left a train of red 
aparkt, and moved rapidly from 7 Trianguli to Saturn. 

On August 29tb, at iOb, 4m. p.m., a meteor was seen of an orange 
acarlet colour; it moved slowly from * Persei to near 21 Pegasi in a hori- 
zontal direction ; its duration was 2s. ; when first teen it waa equal to a star 
of the fifth magnitude, but gradually increased in diameter as it progressed, 
until it became three times aa large is Saturu ; there waa no large ball of 
light ; it disappeared suddenly. 

On the same night, at 10b. 7m, p.m,, a meteor was seen, which moved 
rather slowly; waa of a blue colour, with a slight tail; duration Is. ; in tize 
auperior to a star of the second magnitude. 

On September li at 9h. bm.t a meteor was teen in the zeottb. 

On September 2, at lib. 13m., a meteor wai teen passing rapidly from 
8 Equulit. 

On the aame oigbl, at llh. 16tQ., a limilai" one from « Aquarli to fi Capri* 
eorai* 

On tbe tame nighty at llh. 19m., a meteor passed from Aldeharau to 3 
Ophiocbi. 

Again, on tbe lame night, at 10b. 20m,, from if tirise Mioorti to t Ursz 
Majoris i duration Is.; colour yellow. 

On September 28, at 10 b. 45m., p.m., a meteor which moved from b.s.b. 
io i.w.t at an elevation of 4^'", leaving a long train of light behind^ waa seen. 

/Vo*l,— Tbe first frost was seen on August 22nd, at Uckfield, when wheat 
and barley sheaves were frozen into a stiff mat; and Mr. Prince saw ice as 
thick as a wafer apon bis cucumber frames. Oa September 5tb there waa a 
aharp frost it Hartwell Uouto i and at Trowbridge^ September 7th and 8th* 



Solar katot were seen on July 6ih at Uckfield; on the lOth near Oxford 
and Nottingham, On August 3rd at Dunino ; on the 7tb at Greenwich ; on 
the 20th at Dunino ; on tbe 28th at Uckfield ; and on tbe 29th at £zeter 
and Nottingham. On September Tiih at Guernaey ; and on the 29tb at 
Dunino. 

Lunar halot were aeea on July 22nd at Stone, Kottiogbaio, and Norwich, 
On August 2Ut at UckSeld and Notttngham ; on tbe 22nd at Uckfield» 
Oiford, CarrJtagton, and Nottingham; on the 23rd at Uckfield and Not* 
tiogham; on the 24th at llawarden ; on the 2^th at Stonyburit ; and on 
tbe 31tt at Dtirham. On September 18th at Jersey, Guernaey, Oxford,! 
and llawarden j on the 21il at Oxford, Hartwell Rectory, Cardington, Stone, 
and DurhaiQ; on the 22iid at Oxford. Hartwell Rectory, Cardington, Nor^ 
wicb, and Stone; on the 24th at Oxford; on the 25th at Cardington ; and 
on the 26tb at Durham. 

Lunar Corona were seen at Hartwell Rectory on August 14th and 16tb. 

Lunar HmnbauM were seen on August 20th at Exeter ; on August 92fid| 
at 10 b. 40 m, p.m., at Battersea Bridge, Loudon, aa seen by the Rev. Charlea 
Lowndea. 

Fo^, on July 11th at Stone; on the 12th at Stone and HartwelL On 
September 11th at Greenwich ; on the 12lh at Stone, Hartwell llouse, and 
Trowbridge ; on the 14th at Stone, Hartwell, and Trowbridge ; on the lAth 
at Hartwell and Trowbridge; un the 18lh at Trowbridge; on the 19th at 
Hurtwell and Trowbridge; on the 24th at Stone aud Hartwell ; and on the 
2&tb at Stone, Hartwell Rectory, and Greenwich. 

Rernarkahh Rain^ 

At Guernsey, on August 8th, rain to the depth of 1'333 inch fell ia 10 
hours ; and on September 2Sth upwards of one inch of rain fell within 12 
hours. 

At Falmouth, on September 24tb,rainto the depth of 1*93 loch fell, of 
wbich y a inch fell in little more than half an hour. 

At Exeter, from Augu!»t 25th to September 19th, no rain fell, and the 
weather was clear, warm, and fine, for sever&l days — the sky wax cloudless: 
the average reading of the barometer waa about 30*25 incbea. 

The amount of raia which fell during tbe thunder itorm on September 
20th was 1^95 inch, which is the amount by which the rain in the month 
exceeded the average, the former being 4 33 inches, and the latter 2*39 
inches, or rather more than one^hslf. 

At Uckfield, on July 1 7th, the depth of rain which fell within an hour 
was 181 mchf which is an almost unprecedented amount to have fallen, 
in so short a time in tbe south of England, Much heavy rain fell during 
the last week of September, which was very beneficial to the autumn crops. 

At Southampton no rain fell till the 21st of September, and on Septem- 
ber 2*th it fell to tbe depth of M3 inch. 

At Aylesbury, on July 15tb, rain to the depth of 0*75 inch fell id 42 
minutes. No rain fell from tbe 27th of August to the 20th September, and 
much inconvenience is still felt from the short supply of water* 

At Derby, the amnunt of rain wbich has fallen in the nine moatha of thia 
year is 15' 6 inches ; the average is 22-4 inches. 

At Norwich, on Jiily 2Gih,rain fell to the depth of M8 inch. 

At Holkham, on July IGth, rain fell to the depth of 129 inch in 5| hours* 

At York, on Augukt Btb, rain to the depth of 0*74 inch fell within two 
hours- No appreciable quantity of rain fell io York between the 2Bth of 
August and ths 20th of September, 

At Stuoyburiit, on August dth, rain fell to the depth of 07S4 inch ; and 
on August 7th to the depth of 858 inch. 

At Morth Shields, on July 25th and 26th, rain fell to the depth of 1*462 
inch. The moutb of September was remarkably fine and dry tdl the 
20th r on that day there was a heavy fall of rata, amounling to 0*76 inch 
in five or six boiin. 

The following ohservationa of natural phenomena were taken at High- 
field House, near Nottingham (being nearlv tbe ceutre of England) by E. J. 
Lowe, Esq., F,R.A.S. 



July I. Tutfp tT» In full flower. 

., 4, CberHM ripe. 

. , 7j Enothefa citcrocarpa Joit In 
B0w«r t black irurrtati ripe \ rfd 
curranti icArctlj ripe ^ whlta 
currartta icarcelf ripe 

.. 17, Lime tree Id full Dower 1 atraw-^ 
btfrrle** exi-eptkng tbe late rarle- 
tlei (u €01 't scdTtel, Bntieb 
Qunrn), g«liig o\rer ; raipt>erriei, 
many iripe 

* , 2S. fteld of lumlp seed cut ; field of 
peue cut 

. . 38 Straw ticrHes oearly <xwtt ', plcoteea 
to fall Aower ; carnoiJ'Ot}!' jfiitt Id 
flower « hulljrhockt coaiiu|f fnbo 
Jlo«Aer 
Aug. I. FteJd of wlieal • beared at Lienton 

, , a 0«U cut at &«e>ton 

«, 7. Otis cut Dear Mouiiighaia { wheat 
cut at Betaton 



Ang. 11. Apricoti ripe 

•• 13. 9tmt% (Green Chltti) rlp«) applaa 

JufbMiton) rip« 
• • 13. Some u<.U led awa| j soma wbMt 

ted away 
, . 21. Ooofreberriet over \ curranta over 
.. ri. Froit Ittjured bklf hnrdy planUi 
«. 26. Mountaio jub-berrlev quite ripe; 

com nearly &I1 barrcated 
Sept, 1. BlacltberrSn ripe 
,* b. Peacbei ripe j eppla (Keawtclr) 

nearly ripe ; wkU plutnt uearly 

rtpe 
aod r. Few waipa atK>ut } they are fery 

jcarc« ilili year 
.. 17. Necljirloea rip« t plQcnt (Victoria) 

ripe i, [£mperor) rlp«< ; dAbllaa 

In fuK glury of bloam; 

roAet Id bloom 
^ . 19. plums [dainaon) ripe 



The foUowing ta^Ie contaiua the taean quarterly values of the leTeril 
iobjccti of investigation.* 

* See ibt Quarterly Report of tlie HeglaCffar-Geocna Cor tbe ntcmtbly vatiua at alt th« 
fftatUms. 
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Quarteritf MHeorological Table for the Quarter ending Sefitemher SOM, 1850. 
The obBerrations have been reduced to nieiiri values, and the hy^p^metiieal reaulta have been deduced from '^ Glaisher's Tables,' 



Kamss 09 ns Pi.4oa8. 


i! 


< 
£ 

I 
1 

1 


i 

ii 




4 
E 

w . 


8 

H 


a 

k 

a 


1 
1 

3 


' Wl3f b* 


u 

! 2 

p 


Radt. 




II 

— a 




If 

Ii 

^& 
is 

11 


1 
u 

m ^ 

as 
«> 

a 




KaMM or TRS 


i 
s 

a 

3 




1 

a 
• -1 


i 




1! 


! 

1 


1 

s 

1 




Ii 

3 

a 

a 

^ 1 

a 


G*i>«nl 




< 

1 


2- 

a 


<3 

1 

1 

In. 
6 4 

7.8, 


B 

a 


a * 


1 
i 

a 


Si 


OMaarnn. 


Jtrwff .....,,,«,,,,,,,,,,,*,,, 


In. 
29bm 


J-2 
601 

6S1 


ate 

76 5 
78'U 


A I'd 
4(>)'0 


14.4 
lA-3 


38-7 
19 2 


sSo 

2J0 
40-0 


54% 
5»-2 
54'(t 


1-7! 
1-7 
I'-i 




4*« 
4,U 
5-» 
6-6 


37 
33 


49 
5-2 
49 


0-6 
0-9 


(h823 

o*aw 

9889 


In. 

«4 
H'O 


5»« 

528 


ft. 
84 
129 


Rcr. Sxmoel Stnc F.E.A.aJ 
l>r, Hoalriru, F.R.S. 

L. 8qu3rr, riq. 


Quenumj,.,.. , 

H«U(ofi 


t^ mouth .,..., 




4U-0 


lH-6 


*J-J* 


ma 




1-4 


N. 






.. 


120 


Tmr» ,.,, 


SrSM 


W5 


;7'0 

770 


39't) 
47 


12-2 


24-3 


Sti-O, 
30-0 


/SJ'7 
ft2S 


JO 
2 3 


N, 


5-9 


41 
29 


4» 

8-0 


4 8 
47 


10 
1-3 


(1*8M 
0-789 


fr-9 
&-7 


AdO 


160 


Edwird V Irian, eaq. 


TorquHf ,.*„,,,,,,,♦.,,,»,».. 


Exiter ,, 


29*099 


fi9-ft 

*f7 
69-S 


87-fl 


4A>*7 
2M0 

S9-0 


22a 

170 


55 7 
4Sa 


40 9 

450 
48-0 


53 1 
5J*8 

52^2 


17 
(>3 


W, 

N.s/ftS.W. 


a7 

4 I , 


36 
»5 
*13 
»9 


80 
7-4 
9-1 
6-1 


4 7 
4 8; 

4*6 i 


1-2 

i'*i 


9*804 
9*747 

9 788 


5-9 
5-5 
6'3 
ft'fi' 


629 
528 

527 


140 
180 
55 
159 


JJr, ahupter. 

Jo bo Dr«ir, nq , F.R A.8. 
Tlie AttroQiHDer fUtyal 


ITdcSeld ...*.. 


HoatbAOipton 


MAkd*n*ton« HUU Or«owlcli. „ 


i^dutj 


.'W-'i 


»4a 


»9*' 


14(1 


3f)y 


J17 


54« 


*- 


N.E.&S.W. 


«'8 


»3 


&7 


5-9 


07 


Ott7sf 


6-1 


529 


107 


Mr. WlUtatn ElUm 


St, John'i Woml 


2y-«4^ 


37-6 


Hat) 


an-o 


IfJO 


:i7-ij 


4,M) 


4U-« 


.* 


., 


,^ 


40 


58 


4 1 


12 


0779 


5-1 


530 


ir»u 


Qforgif Lc«cbj »q. 


ChiiirtlUitieet, Londoo 




m 2 


eon 


4^0 


114 


27-3 


MO 


515 




.* 




37 


S-9 


45 


1*8 


0-710 


5-5 


527 




Diirtd 8lut«, esq. 


Ayleabary 




69-2 
d7'H 




321) 
J20 


242 
2.1-4 


«}-4 
4'J-O 


/i40 
525 
5(^0 


5i-| 
507 
52-6 


9*7 


8. 
N,N.W. 


5*6 


37 
46 
32 


7-5 

5-8 
61 


4.4 
4*3 
4tf 


1-4 
1-2 
10 


0765 
9 7H4 
§817 


54 
5-4 
5'3 


ft25 
523 
525 


284 
25U 


Eer, J. B. RMde, F.IL9. 
Dr. 1^«, F.ft.9. 


stooe Obaemtory 


H»rlirpll(n«Hr Ayleibury) 




2»"fi<W 


57" 1 
&7JI 




a6 


17 '2 
1»3 


40fi 


4«-0 
50'& 


49'fi 


0.0 


N.W.^S.W- 

a.w. 


ft-8 


39 
43 


6-9 
70 


42 


i*a 


0*771 


5*1 


hJ6 


.113 


RcT. C. Lovrad««, F,R.A.S. ; 
iahn Otborn, ciq., Junr, 


UniUde (Buckl) _ 


RjwlcUffe Ob«enrat4Jry. Oxford . . 


2d'^9S^ 


57-> 


TVK 


3M 


i*B 


a*'6 


44 A 


51-5 


i4) 


pr.jB.i^s.w. 


7*2 


38 


8-1) 


4^i 


10 


9*1^13 


5 5 


528 


210 


M JJobflMn.e*q.,F.iLAJ^ 


lUte urn fiieir Oiford) ,.. 






W-ft 


36!t 




^■9 


4gO 


.. 


^.* 






36 


7*8 






** 






270 


Rev. J, i^Uitter,F.R.A,S. 


C»fdlo(rtoB {Dear Bedford) 


2D'^04 


5K0 


fiSf. 


li^'O 


Itt'fl 


4oy 


4»'^ 


524 


oy 


V»r. 


M 


Sd 


6-6 


4-6 


1-1 


o-aoG 


57 


si 


im 


8X\ W Iilt5r««d,eaq. F.H.A^. 


Nflfwich 


29 967 


a? -8 
B7'# 


810 
79-e 

e7'3 


110 

a? 5 
sua 


10 8 
14'4 
14-6 


jM-0 
32-6; 


4ait 

410 

4;i-a 

54-3 


ft2« 
50-0 
51 3 

3:vi 


0-4 


!i.w.acN.w. 
w. 

N.W, 


fi-9 
7'6 
6-4 
6-6 


43 
31 
47 
47 


10 2 
6-1 
9-2 
7*1 


4*7 
4*S 
4-4 

4-7 


9 
I'l 
1-0 
07 


9 8i8 
9-791 
0-821 
086A 


57 
6*2 
fi4| 
5'8 


530 
527 
531 
529 


23 
175 
m) 

m 


€. Brooke, eiq.. F.iLA.S. 
John Sullant, esq, 
llie Earl of Leimler. 
E. J, Uiwe, «q„ F.K.A.8. 




HoUchain 


HlfbAeUI HooM, Kotis 


Drrbf 


39ieA 
39*649 

99-fl&3 




90*9 


a9i 


137 
102 


24-9 


42-0 
;^46 


52« 
4ti'8 
5.4-0 


17 
13 


S.EU ! 
N.W. 
N W. 


7-h 

7^6 


43 
44 

43 


6-9 
7*7 

7-8 


4-7 
41 
4-7 


0'8 1 
1-3 ' 
09 


0b56 
07fi8 
0837 


5-9 
57 


6J)0 
528 
63*1 


260 
37 


John Linvii, taq. 

Dr, Muffatt, P.K.A.S. 

lobn HArTnQTi.esq.,F. R.A.I. 


MAWtrdtn ,.....,*,,,, 


LI vcrpooL »<«^*ta. ...... ,...,., 


WiJieaeJd 


39100 


M-6 


at-0 


fllO 


21-4 


44-2 


520 


52-3 


2-0 


w. 


67 


48 


67 












115 


W. R. M liner, etq. 
R«i% A. Wekl« F.fUL.S. 


Stonyhuril .,,...* 


2»im 


a4-9 


77'fi 


;iA2 


, 


.. 


42-4 


500 


1*8 


E 10 W. 


6d 


49 


12'2 


4-3 


0-8 


0*818 


5*2 


527 


961 


York ., 


29*^12 
29 W7 


5A-7 


7ao 

»4'0 




14-5 
I2rf 


.16-0 
31-2 


430 
44-5 


609 
53-6 


31 






38 
43 


6*4 
12 i 


4*3 
4-6 


0-9 
0*« 


0^893 
9-880 


5*8 
5-5 


5.1f) 
5,ri 


m 


Joha Ford , esq. 

J. F. UUlrr, taq., F.R.S. 


WhttfliATed 


Chirliun * 


29*690 




76-8 
7t5y 


34« 
a7i) 


14-8 
14-tJ 


S4Jt 

sao 


42il 
^9 


4g-4 

516 


0-8 


8, & W. 
8. W.I^R. 


6^3 


44 

m 


6-3 


4-2 
4 5 


0-8 
0-7 


9-838 
fr870 


51 
55 


52^ 
532 


340 


R. C. CArrtnftoo, e«}. 
Geurg« Muru, e*q. 


NtwcMtle 


North ShlfWi , 


2^fim 


W-ft 


70-4 


3^-i 


U'l 


M'O 


33-rt 


50-d 


2^8 


S.E.^HM. 


ft*4 


c« 


6-6 


44 


0*4 


9*927 


5 3 


53fi 


124 


Robert 8pence. raq. 


OUwow ...., „.,, 


:J^'555 


5a-ti 


79!) 


»&•() 


14-7 


3^2 


40 S 1 


49'« 


.. 


• • 


«» 




7-9 


4-2 


l-O 


0-810 


5.2 


5S0 


121 


Bt, R, 0. Tboi&ioa. 


IHiciUia , 


" 1 


M>a 


ilO 


J170 


20-0 


SiH) 


440 


49-1 


1*9 


Var, 


fl'fi 


u 


«'2 


4-4 


1"2 


792 


5.9 


.• 


250 


David TeuMmt, aaq. 



Hie mean of the ntimben in the flnt coloinn is 29'60& inchei, iiid it 
represents that pnrtjon of the reading of the *jaroraetRr due to the preaiurc 
of air; the reiuaimag portion, or tbat due to the pies^ure of water, it 



397 inch: the turn of thote two namben it 30*002 inchestand i 
•enta the mean reading of the barometer at the level of the aca 
qnnrter ending September 30, 1850. 
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The bigheat reiHing of llie thermometer in air waa B9" at Ucklield, 8S'5° 
at Linskde, and BB*^ at Hartwell ; and the loweil reidinga were 31^ at 
\Vtkefield« and 32^ at Ayleibirj and Hart well The eitremo raoge of 
temperatitre; ihercfore, in England, during the quarter, wai aboul 66 « 

The leail daily rangt of temperature took place at Goerniejr, Liverpool, 
and North Sbietdi; Ihe mean value waa lOvP; and the greatest i^ccurred 
at Uckileld, Ajleibury, and Htrtwell, and the mean Talcie was 23-3'^. 

The leait monlblf range of temperature nccurred at Guernsej, Liverpool, 
and Torquay^ and their ueaa value waa 23-4'*. The greaieit mouth 7 rangea 



occurred in the vale of Aylesbury and at Uckfield, and waa 45*9*'. 

The average range of temperjiiure iti the quarter, at Uekfield» Hartwell, 
and llifthddd lluuse, was 55'>; and it Guernieyi Jeney, and North 
Sbieldi, was 30*2^. 

Rain fell, on the leant number of dayi, at Jersey and Torquay; and on 
the greatest number 0/ day », at Wakefield, Stonyburit, and North Shieldt, 
The placet where the least falli took place are London and Truro ; and 
the mejin amount at tboie placea wai &'3 inchet. The lirgeat fallf occurred 
at Whitehaven and Ftdmouth, and tbeir average waa U-6 incbea. 
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Agritmliural RepfjHt, 

Wkfai btgan to be guikermi in Jeraey on Jyly 15th, «tid on July 29th 
ctiltmg oi crats; At Hawardeot Guernsey, ind Exeter on July 30th; on 
Aug u It li( tt Noitingfaam ; oa the 2d At Linskde And Cardi»i|^too ; on 
Ibe 3rd it Leiceiterj on the 5th aI A>le«liiiry; on the 8th At Oxford; on 
the 9t)i At lIiilkhArti ; on the 12tb At DurhAcn ; oa ibe 19th At Stuuy burst 
and North Shieldi ; md on the 26th At Dunino. 

HartftMt ^HtMhed^on August 30tb At Guerniey; od the 3Ut At CtTdjii|tOti; 
OD Heptein^>ef 5th At lintLhAm ; And on the 2 lit At HtwArden. 

Uckjield. —Augmi wai »ery »bowery throughout, And the weAlber very 
onfAvourable for tecuring tbe hArveit. The metn teai|j«rAiure waa below 
the Aversfe* and there wti a retuArkAhle Absence of lunihine ; ah unutuilly 
low lerupcrAture occiirred on tbe morning of the 22nd, tbe minimum being 
34^ And on the grAtt 32f* i m lome iitoAtionA it fell to 30"^. Tbe theavea of 
wbeAt vttrtjroten quite iliffly together, And ice waa obierved on good 
tAdiAting lorlAcet. August 21 at had been a very wel day, And raio fell lo 
the depth of 77 incb. And tbe Atmo«pbere beeAme tyddenly cleir, ttid 
cold After tunaet. — September wai very fine And dry to the 20tb dAy : tbii 
fine «eAther waa much wanted for completion of barveit And the commence* 
inent of bop. picking in this locality. The bAromeler was very bigh during 
this period, And tbe wind veered only from n. w. to &. — The potatoe di&eue 
appea^red iu thia neigbbourbood on July Hth, And diiring the succeeding 
fortnight spread with great rAprdity, Atthougb tbe bAulm WAt for the 
most pArt d«itroyed. yet tbe tn tiers were not so mnch diieflsed Aa they were 
in the «ummera of 1845 and lHi8; And had Juty been a dry month, tbe 
probability is, tbtt the diseAie would scarcely bAve been obaerved. 

Hariwtlt Rectory, — The hArveit hia i^eeQ. gAthered in a much ahorter 
time than unual, the weatber bAving been ?ery fArourabie. The crop of 
pttiA Aud beaui was very much bhghted through tbe whole districl; And in 
iome few tnttancea were not conaidertid sufficiently good to cut And g Atber. 
Tbe produce of the crops of wbeAt, burlry, and OAts does not come up to 
the AverAge. Tbe potaloe crop bAt turned out tnucb better tbAti wa8 
expected t there being i?ery little diteAac. 

Mou Hiiit Oxford. — **The early potAtoea were tiken op by the 12lh of 
July, with only one root bad out of Akrge quAotity. This was a root of whieb 
the leATCs were mucb cut by the frost in May ; the mAin crop, howerer, 
continued flouriibing till Augost the 3rd. After the tbunder storm on tbAl 
day they drooped their beads, and on the 5th were quite prostrAte, and tbe 
diteaie wsa very prevalent In this npighbuurbood. Wben the stalks decayed* 
a minute fungus appeared beoeatb the epidermis. It aeema plain that the 
disease first causes the destruction of the teavea ; mnd then the roots, if not 
near maturity, become surcharged with moisture and perish. My bebef 
ia, that the mode of culture is tbe secret ; and potatoea wbote roots were 
beneath the affection o( sudden atmospheric chaugei, were safe./' — Rev* 
i. Slattba. 

liif/hfield House, near Nottingham, — On the whole the crop haa been a 
poor one. Wheat not an average, and both cjoaiity aiid yield inferiur. 
Barley not an average; oats not an average, yet better tbAu wheat or barley. 
Turnips much df»troyed by Ay in tbe dry weather. PutalQes a fair crop, 
and not so mucb diseased as in former years. Beans sadly deficients Hay 
crop was very light; and hay is now selling at from 4L to 4/. IDt. per ton. 
Apples a very poor crop, most having been blown ofT by heavy gales. Pears 
deficient. Plums deficient. Peaches and iiectaHnes a very poor crop. Apri- 
cots below An average. Strawberries below an average. Raspberries and 
^ooieberries very good crop. Currants a good crop. Wasps have been rare 
thia year. Kluslir MUit a poor crop owing to the dry viealber at Midsummer. 
Tbe trees have not mAde their second growth. 

North Shhidf, — The harvest was almtist all gathered in during the early 
part of tbe month, hut the crops bad suffered very much from tbe effecti of 
wind, on tbe IStb, 19th, 25th, and 26th of August. 

Stonyhurtl. — There was an average crop of bay thif teaaon, and it was 
for the most part well got In. — ^Wheat has succeeded well; tbe grain was 
well sAved, and it was aH houied by September tl<e 2nd. — The season hAs 
Wen very unfavourable for OAts; in many instances the CArly shoots were 
blighted, And those which succeeded tbem never came properly to maturity. 
« — Though tbe crop is generally housed, there Are still mstiy fields out, snd, 
in some instances, they are now reaping grain, which is still very fsr from 
being ripe.— Signs of discAse appeared in potatoes about July 1 7, but in t»ie 
roota only, the tops not being a^ccted. About August 19 tbe tops were 
vsey gCD^^TAlly blighted. AI>out September 20 it was observed in many 
Aelds wbicb bad been newly ploughed this season, that about one-tbird of 
the crop was diseased, though in some places only one-sixth part was 
affected. The extent of the disease was found Co vary very much even in 
Ibe same field. — In fresh ploughed peat-laud situated very big b the crop 
waa healthy, and almost cut, only about one-niutb part being diseased.*— 
Tbe turnip crop received a Mtwert check at the cArly part of the aeason. 
Tbe same is the case with regArd to mangel-wurzel, which promiaei only an 
indifferent crop.^ Beans have succeeded remarkably well this year, — During 
tbe aummer pleufCKpueumunia baa been frequent amongat Ibe cattle. 




CURVE OF GOTHIC ARCHITECTtTRE. 

"On /Ae Curve qf GofMc JrehUeeiwre," By Mr. LACia. (Paper reaif 
before the Liverpool Architectural and Archeological Society, October Iftth, 
C. Barber, Eiq^ V.P., in tbe Chair.) 

After introducing hit subject, Mr, Laker vindicated the tertna Gothic 
and English, as applied to this style of architecture, on account of our Tea* 
Ionic descent, and tbe great examples of Che style beinfc found in England, 
He claimed tbe dialinctiou of P»ietry for the Greek and GoChte ttylei, wbicb 
waa wanting in the Hr^man atylei, Both the Greek and the Gothic were 
constructed upon curved lines — the Greek upon conic sections, and tbe 
Guthic upon simitarly modified curves. The Roman was constructed apoo 
circular curves ouly, and the Poetry was lost. One great writer upon archi- 
tecture had said, that in coming out of a Gothic cathedral, and entering 
St. Paul's, ** I have left the regions of Poetry, and have come into the 
regions of common- seme — Prose." (He might have expressed htmself with 
equal accuracy bad he ^aid he had left the region of Architecture, and come 
into tbe region of common*sense^*^ufi!<2/n^.) With regard to tbe Gothic 
curve when Applied to groininf^, it hAd been elliptic, or slruclt from four 
cenlrea, from the period of its introduction t but for obtaining these centrea 
wc had nothing to guide ni. Mr. Willis, and aII tbe lAte writers on Archi- 
tecture, had aft m it ted thia ; and Weale*a lately published Atlas bad cibi- 
bited the subterfuges reiortfd to, to obcatn a correspondence between tbe 
long and short ribs. The fundamental rule, that the curves should ipnog 
from tbe line of the impost, was abandoned ; oue centre was to be taken 
a little above tbii line, another a little below it; and one was actually to b« 
stilted so mucb, as to spring about midway between the impost and the 
roof. He (Mr. Laker) proposed to furnish a principle which would give tbe 
centres of all tbifte curves with perfect certainty and perfect barmonyt at 
tbe tame time furnishing what was staled to be a further requisite, an iad«- 
pendent projection for each rib. 

Given tbe height and width of the arch required, the centres were found 
ID every instance independently, and with mathematical preciiion. On the 
width and height of the arch conitrurt a right -angled triangle. Prom Ibe 
ine, A C (fig. I) drop a perpendicular to the point B. From C to R will 

yig. I. Fif. «, 





furnish the radios of tbe arch from the impost. Theft 
oonsiruct another ngbt angle triangle by drawia^ 
A 1 1 p.irallcl to £ B, and tbe leagtb ut A H added to 
E C Mill give ttie lalmi for »ttiking tbe upper portion 
of tbe arch. The principle was equally applicable to 
arches higher Abau their width, but in thit case the 
second radius will be obtained by the line parAllal to 
£ C (fig. 2) being drAwn from tbe upper Angle B, And the right angle con* 
structed with B C i whicb, however, is only Added Co sbow tbAt tbe whole 
scbeme is constructed on one series of angles, tbe triangles A B G, A B C, 
aod A B H, or B G II bem^, precisely similar in cbarActcr. 

Mr. Laker referred to specimens from Lincoln and Chichester Cathedrala, 
King's GoUege Chapel, And Crosby Hall, wbicb were referAble to bia prin> 
ciple, and be showed a diagram of tbe ribs of groin constructed on this 
principle, adApted to the Angle of the nave and Iranacpt of Sahtbory Cat he- 
drat 

Tbe Vice-President thanked Mr. Lalter for his paper, but was more dia- 
posed to trust to taste than mathematics, 

Mr. f tank Howard was glad to find Another fellow-labourer tn tbe endea> 
vour to reduce heatity ot proportion to inAthemAticAl precision ; Schlegcl 
bad observed, that there were a certain clsia of persons who itudiously 
veiled their remarks in indefinite terms, that they might not be called on to 
aupport any position tbey might have taken up. Mr, Howard would coo* 
dense what might be collected from the rest of Scblegel's works — that the 
class of critics objected to strict definition of what was good or bad, for 
fear tbey should be found on the wrong side. He would ask, ** Wbat is 
taate but an appreciation of that beauty which is acknowledged by the masa 
of mankind ^'^ The problem lo be solved was, in what did iUal Ijeauty con* 
aist? He waa quite prepared to admit Mr. Laker^s principle as unt 
"kcans of solution, as regarded the striking Gothic arcbes, but would nut 
like to pledge himself to its being the onJy mode of obtaining beauty 
therein. 

Au animated conversation then took place, in wbicb Mr, Dunean^ Mr. 
Goodall, and Mr. Huggms eipressed their opinions that it would fail wben 
practically applied to vaulting, tbe curves for which tbey could only be 
prACticaily obtained hf a regulAr curve and co^ordiuAtes, so Aa to produce 
conic sections. 

Mr. Boult was of opinion that Mr. Laker and Mr. Howard were desiroui 
of carrying a good principle too far ; and, while he agreed with a great 
deal of tbe paper just read, be could wish to see a model of a groin con* 
structed upon the prio ciple propotinded, and tbe several arches ainick oa 
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p«(HPr,ind cut out fo that they could ht applied to test the nb* of the moilel. 
Ill ttiii way thi-y would he «l>lc ta jwtlge of (he cflTect of the groirj tbtti 
€<in$tructed, and, at the laiue tiiue» to be •aliified i4 to the mud« of tinking 
the arctiei. 

Mr. Uirber repeated ihit he thought the beauty muit depend upon taste 
and not upon rule. He vfuuld tay to ihe ttuJenu, *' Cultivate your tatte/' 

Mr. LiktTt in reply, stated that it wa» admitted iti all worlu on atehi- 
tecture that ruhn were required, hyt that no rule had yet been laid down 
for the itriking th« arcbei in queition* He tufgested hii method ai meet- 
ing all the requiiitioni* U may other could be found he woixid he very gia4 
to aee il. 



INTERRUPTION TO THE RIVER CLYDE NAVI- 
GATION. 

The flteam^ship City qf Glasgow Marled out oo her final voyage for 
America from the d)de on >aiurdMy the 12^h Oct,, leaving (he Kroomie* 
law al half past eleven o'clock, p.iu. Cli} f^etiiug the length or Erakioet slif 
Krounded* and on |]oaling again, duriot: the nii(ht, only got the length of 
Bowling Wharf, where alie remained tilJ uett foreuoonf for reasout which 
we will prfseiiily eaptain*. 

We niuit preface that ihe hank ahe first rested upon ia an accumolation 
oftaad^ihat regularly* e%ery iw<i years and a^balf^ galhera at a well- 
koowii apot, near Erskine Fiirry, where the dt/le of the river Clyde, on ihe 
•ooth side, ia not condoufd for n length of ahout three miles. It if in coit' 
iequence of the non cuutinuance of ihia d^ke tba the hiiuk ariaes, and will 
continue to arise, till the {^ap in the dyke be tilled up, atiil the acouriiig 
propertiea of the tide made availubte fur the deepening of the channel, ^aiiie 
as at other parts of (he rt^er, Ttie removal of this htink costs the Cl)de 
Trustees about SOOOf. every two years and a half, or at thf rate of ahoiil 
VIQQi. per annum, nut to speak of the loss to the shippioj^ trade by the 
detent too and damaiie done to thi-ir vcniselB by il. 

We now come to the reasons for the City Qf Glttt^ow hein^ a secood 
lime detained, and they are these ^ — At the end of the gap in the river 
dyke, or a little below it, there is another bank, which is likewise formed 
every two years aod a-half eiactiy upon the priociples as that of the upper 
one, wiib this diiference, that whereas the i?ftp at the upper end precjpi- 
tatea the sand on the ebbing of the tide, that al the lower end acts with 
a similar result on the ll^twing of the tide ; the expense for the removal of 
■aid obstacle to the Trotitf es being likewise al>nut SttUOJ., or, together, the 
two inGumbrances cost the public about 2ii){ii. per annum, exclusive of 
other disadvantages already alloded to. But u so happens^ that when a 
vessel grounds during Ihe duy on the upper bank, nnd lies till the lowing 
of next tide, though she should have aufhciency v( waier, on floating, to get 
her over the lower one, she has not duyli^hi to do so, particularly in winter, 
and hence if the nif,ht be stormy or dai k, or oth'Twise unpropiliooa — and 
ten cb-duces to one but it is so at Ibis sensun of the year— she ia neueBsi- 
taled, iiodt^r the pdot^s orders, to renmiii another tide» whatever be the 
views of the nmster, or the urgency of Ihe voyage^ 

Nuw who is to bhime for this? Not the River Trusieea ; for, time 
afler tjiiie, Ihry have enderivoured to gel power by tbetr levenftl Acta to 
cotitiauelhe river d>ke far the three miles alluded to. Not the engioeers 
of the trust, for they have a<i often hurue lestimuny to Ihe necessity of such 
a dyke ; hut simply the Lords uf the Imperial parljameot, whu, for the uiere 
gratificaljoo of one of their number owning Ibe property that boouda the 
river at that quarter, and whose ejesl^ht would be disturbed by Ibe 
appearaotje of said dyke, were it formed, resolutely reftise powers to the 
Clyde Trustees tn construct such a work, and thus entail upon the public 
all the expense altuded tu ; opou ttie shipping trado all Ihe detention and 
diflicnkirs pniuted out ; and upon the merch;>4ut and paaieagers, all the 
disadvantages aod dfdwbticks that may he conceived, but whieb to eou- 
merate would he a Herculean undertaking. 

Talk of the improvements of Ihe Clyde ! Let us rather be silent, while 
cooteinplatiog the ease with which a sandbank can be removed compared 
With a Peer's prejudice. — Glat^aw JdverlUer, 



DOVER HARBOUR OF REFUGE. 

Dtvcas succeeded on Thursddy, the 17th of October, io llsliing up out 
of eighteen feet of water one of Itie valuahle diving bells out of the three 
that were sunk and eruployed in the coui^tructtou of the greai packet pier^ 
which, after three yearaMabour, has befo carried out Gjii ftei into the 
pea. It ii eventually to be carried out 600 feet. None of the aiasoary of 
the pier has been injitred, but all the travelling cranes and Ihe huge piling 
were drifted out to sea. Deace, the diver, who was employerl on the 
wreck of the Roifai George^ is to be here to raise Ihe other diving bells, 
which weigh about hve luos each« Mr. B urges, the representative of 
Mr. Walker, the goveroweut engineer, was down to superintend the 
operations. There arts 200 men employed by Messrs^ Lee, the contractars, 
on the works, and it is expected that on all the apparatus being recovered 
they will resume work in a furtuight. About TtiO acres of sea room aro 
to he taken in to make the harbour, and this wdl occupy another three 
years. It is now understood, that should most of the macbiuery and 
•pparatus he recofered uuinjurcd, ihe damage, which was confined to it 






aloae, and which has beea freatly eiaggerated, will be onder 40001 Tkt 

dtviug bell got up is unityured« 

We have rereived Ihe following from a correafKtndeot at Dover, ia 
addition to the details before givro. The late gale has done moch damaga 
to Ihe works in progrrs» for the Harbour of Refuge here ; and nUhough 
the masoury i» nut iij)ured on the new pier, nevertheless the piles are s< 
r>rokeu, and the fmmework used for llie diving t»eUs and piacing ibe blocks 
of stone and coocrele are so broken and disarranged^ that it will cau8« 
great delay in the compieliau of the western pier ; and the losa will be 
very great to the cuntruclors^not laaa than IO,0{IOf, The beach on the 
eastern side of Ihe old pier wasliteraUj covered with Ihe fragniems of piles 
and limber ; and nobody ronld pass the wreck without conLemplatinj 
the awful power of the wimJ and waves. The sea seems to have 
tt^uudt^r the large timbers Qrmly bolted together, as if they wrre a 
toy ; and judgiuf^ from the Cob at Lyme Hegis, it is pretty clear that if 
the oittsiinry had b4*en cumpletrd a greater distance out in deeper water 
than It was, that it would huve given way And made a break through the 
&U-feet in width structure. The pier, as far as it has gone, has had a very 
^Ofid effect on the harbour, as it keeps the entrance free of shingle, and it 
cairns the henvy sea that would otiierwise make tt difficult for a vessel to 
enter in such a gale. Oo ttie other hand, it seems to have a bad effect 
upon Ihe eastern side of the old pier, as I ha tea rolls in heavier, aod Ihe 
water has become more shallow, so much so that pilot boats cannot anchor 
close in at formerly. .Much aa this grand project of a hartwur of refoge 
at Dover is to he admired, it is atilt very doubtful how far the plan is 
gcx^d, The anchorage is not good; It is a Hal rocky ground; the new 
work may cause the whole to fill up. Would it not have been a b^ter 
plan to have selected a place where there was deep water close to, aod 
hiive eicavated a harbour out of tifty acres of the solid earth by awafli 
of locomotive engmvs and machinery ? 



VICTORIA DOCKS, 

Tif E Victoria Docks will occupy a vssi tract of land, eitendiog scrota the 
msrthei in front of the town of Woolwich. One entrance will be in the 
Gallioni, the other in that reach of Ihe river, known by the expressive but 
not very enphonious title of Bug&ley Hole. The main water channel there- 
fore will extend entirely aLross the marshes, ( forming what it now called 
North Woulwich into an i'lland, ) and being nearly three miles in length. 
The only point at which it will intersect the North Woolwich Railway, will 
he at a [H)int near Blackwall, where the npper lock will he crossed by tbc 
railway, on an incline varying from I in IQti to 1 in 2U0. The breadth of 
the dock will average about a quarter of a mile, hut Ihe limit of deviatina 
extends to double this distance. To a0brd some ides of the enormous mag- 
nitude of this underiakinic, it will be suificient to adduce the comparison aaed 
by the prnjectorsof the company. The entire water area occupied by the 
various docks on the northern and souther n banks of the Thames, amounti 
to 211 acre& ; the water area of the Victoria docks will extend lo 270, bein^ 
cunaiderubly more than the ares of all Ihe other docks put together, Tlit 
nuukber of ships which entered the existing docks, tn 1848, was 4,915, with 
an aggregate of 1,172,707 tons. The Victoria Docks alone wdl afford 
accommodation for nearly six thouiand vesseltf with an aggregate of nearly 
one million four hundred Ihousaod tons. 

The plans of the Victoria Docks are exceedingly comprehensive, and Ibe 
detail of Ibe arrangements is as perfect as can he conceived. It is the finl 
example of the appliculioci of a scientitlc and well - met hod iied ptan to i 
great commercial enterprise. The extended plans show three large docksfor 
the accomodation of shipping, at well as a half-tide dock, with one canal, 
runniTig through Ihe entire line and connecting the four docks together. It 
is at firtt proposed to excavate only one dock and the grand canal, Icavisg 
the remaining docks to be excavated as necessity shall arise. The first 
peculiarity lo which our attention is directed, it the formation of a doohle 
entrance lock, the one of tm^ller dimensions, adapted for bsrgcs, aod other 
•mall craft; the other much larger and fitted for vessels of the greatest sixe. 
This arrangement, which exifts in no other docks, has advantages too 
msnifest to he descanted upon. It admits of the exit and entrance of small 
craft at all times, wilb the smallest posaible lots of water, and the smallest 
exertion of force. Another grand provision it» the construction throughout 
all the docks of tanding stages, projecting into the water, and enahliag a 
much larger number of vessels to be accommdoated than could t^e provided 
for with ordinary quays. On these landing itages* lines of rail with vara* 
tablet are laid down, to that merchandise can be landed at once from Ihe 
vessel on to the truck that is to convey it to the metropolis. These lines 
communicate directly with a line of rails traversing Ibe docks, which in their 
tnrn run at nnce into the main line of the North Woolwich RsUway. The 
cranes and other machinery will he worked by steam power, and attached to 
to etch of the principal docks will he graving dockt for the repair of vessels. 
It is almost impomible to conceive of plans more nnique, more comprehensive, 
or more perfect than those which Mr. Bidder hat put forth for these docks. 

Up to the present moment, the progress made in the conttruciioa of the 
dockt has been contlTied to the operation of boring, to ascertain the amount 
of water made by the land springi,. in order to provide the engines neceatary 
for keeping the ground clear during the progress of the excavations. The 
engine has already been purchased, and early in the spring the work of coa* 
structton will be commenced with great vigour and prosecuted to oompletioa. 



ART IN MUNICH. 

A ORKAT festival of %he artists and arltgans had been for some 
time ill active pre|>aratJ€in, but the un|inipitious state «f the wea- 
ther cin the *Hrd Oi't., prevented its full exteriifi] develupmeut. 
StilJ the many |>er9on8 present on tbiss occasion were fuOy recom- 
pensed by the view of one of the cliief art-undertakinjg:*! of the 
modern German school — we mean the Niebelun^en frescoes of 
Scbnorr, on the ground-Hoor of the New Palace at Munich. It is 
'much to be resetted, however, that the artist has heen prevented 
of late<f by H complaint in his eyea^ from attending to bis work with 
Ilia usual vigour; still he has been most eflficiently assisted by 
Director Jiiger of Leipsic, whom he Had already employed in a 
similar way in the Emperor a Halls of the Rume palace. Vhe pic- 
tures oflTered to view on the above oecasion, were the so-called 
6aJm)n of Vengeance, and repref*ent the strife of the Niehelungen 
with the Hijn«. The colours of the wiill« on which thev are 
painted, is scarlet decorated with |fold» In the midst of the ceiling 
are to he Keen the prophetic Nereides, in the act of foretelling the 
events to the hero, whose coats of arms surround the picture. 
On the minor compartments of the ceiling, Queen Chrimhild is 
represented calling the warrior Huns to ber aid, &c. The lunettes 
C4>ntain four other pictures of similar suhjectsi. We wee Hagen, 
the monk, thrown overboard, as he wiis to be the only one saved, 
"mccording to prophetic foresight. The four great pictures on tl»e 
walk are wiid to W the best Schnorr ever executed, as for in^ance 
the content on the burning staircase of the palace, a work fall of 
|M>etical ctmi position and grandeur. 

On the 7th Oct., died Charles Schnorr, Professor at tlie Royal 
Academy of Arts, lhii« following soon his friend Rottmann. It is 
to be regretted, that he haia not been able to finish the great pic- 
lure of the Flood, made by order of King Loui« of Bavaria. 

The number of fires baa been so great last year, that according 
to a notice of the Minister of Public Works, the income of the 
Insurance Office, amounting to 04i,000fl., is not sufficient to pay 
the premiums; and an additional per centage is to be levied on the 
contributories. 



ART ON THE RHINE. 

The Gothic church of the Minoresses, at Cologne, ereeted abont 
ttie year V^ii\ and consequently coeval with the superb Cathedral, 
has liitherto been allowed to fall into a state of great decay, na all 
the care was absorbed bv the larger building. It had long been 
used as an oratory by the Administration of the Poor, but lately 
Burrendered to the Sjiciety for the Improvement of Churches. It 
is one of the 6 nest specimens of pure Gothic architecture, and the 
restoration has begun by the rebuilding of the lower gallery of the 
choir, which almost threatened destruction. On the 1st of Octo- 
.ber an appropriate public festival took place, when the foundation 
fitone for the thorough restoration was laid, which, when completed, 
will add to the many architectural curiositiea of this ancient city 
on the Rhine. 

The soutb portal of the Cathedral of Cologne haa received some 
additional ornaments in the five statues representing the Saviour 
and four apostles, which have been placed in the perforated gable. 
They are from the atelier of the ecu I p tor Mohr, who has also made 
the ornaments to the cenotaph of Conrad von Hocbstitten in the 
cathedral. The painter, M, Levy Elken, is preparing a new work 
—the laying of the foundation stone of th«t edifice, a.d. 1*220, 

The annual Art Exhibition at Dusseldorf has ju<^t concluded, 
and is considered to have been a very good one. M. Oer's picture, 
the death of Tasso in the Convent of St, Orafico at Rome, and 
M. Valk hart's Knox before Mary Queen of Scots, are most praised. 
In sculpture, nothing worthy of notice has been produced. 

Some idea may be formed of the throng of articles which Lon- 
don will experience during the Exhibition of 1851, by the fact that 
at the Committee-rooms of Dusseldorf on the Rhine, from that 
aingle district of Rhenish Prussia, two hundred and fift^ persoos 
have already inscribed their names as exhibitors* 

BERLfN, — .It is stated that the collection of portraits of cele- 
brated contemporary men of that capital formed by the king in 
bis palace there has been transferred to the Marble Palace at 
Fotsdam. This collection, to be increased from time to time, now 
contains the portraits of Baron Alexander de Humboldt, MM. de 
ficbelling, Godfrey Schadow and Ranch, Baron Cornelius, Meyer- 
beer, Louis Tieck, Ritter the geographer, Leopold de Buch the 
i.^eologifitj and Ideler and BeHsel the astronomers. — Aiherusum* 



Road Statistics of Paris and London. — The report of M. 
Darcy, divisional inspector of the Ponts et Chuu8fi<?es, who ban 
been to EngUml to obtain information relative to the macadamised 
roads^ has just been published. In this work we find the following 
particulars relative to the population, extent of the streeta, &o. 
in Paris and London: — The total surface of London is 210 millions 
of square meires; its population, l,924,oou; number of houses, 
2(j0,000; extent of the s^trects, 1,120,000 metres; extent of the 
HireetK, not including the foot pavement, 6 millions of metres; 
extent of the sewers, 639.000 metres. The total surface of Paris 
is J14,379,016 fquare metres; population, 1,Oj3,879; number of 
houses, ^6,526; extent of the s^treets, 425,000 nu ires; surface of the 
Btreeta, exclusive of the foot pavement, 3,6on^o00 square metres; 
length of the scwera, 13A^<K)0 metres; surface of the foot pave- 
ment, 888,000 metres. Thus^ in London every inhabitant cone- 
tsponds to a ^urfiice of 100 metres, at Paris to 34 metren. In 
London, the average of inhabitants for each house is 7^; at Paria 
34. At London the average of length for each house cot responds 
to 40m. 40c.; at Paria to a length of street of 15 metres. *1 hese 
detnilsestablii^hed the difl^erence which exists between the two cities, 
friim which it appears that there ipi in London a great extent of 
surface not built over; that the houses are not very high, and that 
almost every family has its own. The Boulevards i>f Paris ia the 
part where the greatest circulation takes place, and the following 
are the results of the observations of M. Darcy on this subject. 
On the Boulevard de* Capucines there pass every twenty-four 
houra 9,070 horses drawing carriages; Boulevard des I tali ens, 
10,750; Boulevard Poissonniere, 7J20; Boulevard St. Denis, 9,609; 
Boulevard des Filles du Calvaire, o,H56; general average of the 
above, 8,600. Rue de Faubourg St. Antoine. 4,300; Avenue des 
Champs- El ys»?es, 8,959. At London, in Pall Mall, opposite the 
Queen's Theatre, there pass at lea^t HOO carriages every bour> on 
London Bridge not less ia,000 every hour. On U'^estminster 
Bridge the annual circulation aniountn to not less than H millions 
of horses. )&y this it will be seen that the circulation in Paris 
does not come up to one-half of what it is in the macadamieed 
streets of London. 

SewEAAOE OF Pakis. — From the report of M. Darcy, quoted 
above, it also appears that there are 135,900 yards of sewera in 
Palis and without the walls, without including 4500 metres of 
private sewers ; most of these sewers are cleaned twice a-week, 
some only once, and some few require to be visited everyday. 
The number of workmen employed per day is 90, and the expense 
of the whole ^^ervice is 12^2,51 If. a-year. The sewers are in a 
good state, and may he passed through without danger to the 
health at any time. In the removal of mud, ^c, from the streets 
there are employed every day on an average 345 carts, 523 horses, 
and ^5 asses ; the quantity of matter amounts to about 700 cubic 
yards, and it is conveyed %i> at least "2000 yards from the Barriers. 
'fhere are at present 1784 water-plugs, from which water fiowa 
three hours a-day to wash the gutters; they give altogether 1784 
quarts of water per second, and others are to be establinhed. The 
streets watered m Paris, including the promenades in the Bois de 
Boulogne, are 860,000 yards in extent; if ail the paved streets 
were watered the extent would be 3,600,000 yards. The number 
of water-carts employed is 106; and the expense is 15l,870f. 
a-year. The total cost of the sanitary operations in Paris it 
2,ti63,O0Of., or 2f. 66c. for each inhabitant. 

Security op Bbii>oes in Paris. — A commission of engineers 
connected with the Board of Roads and Bridges, have examined 
the suspension bridges of the Invalides, de la Cite, de la Reforme, 
and de Constantine, by special order. The report speaks of their 
generally good state of repair, but recommends the making of 
experiments at the Reforme and Constantine bridges, for testing 
the solidity of the chains and platforms. An expedient has been 
recommended, which, if put in practice, will prevent many serious 
accidents. It consists in the construction of strong gates of iron 
or timber at the entrance of suspension bridges, and the appoint- 
ment of special officers whose duty it would be to close these gates, 
as often as the thronging of too great numbers of people might 
threaten the rupture of the suspensory chains. It it* also projected 
to erect, in lieu of the present Pont de la Reforme suspension 
bridge, one of stone; and plans have already been sent in. As the 
clearing of the apace before the Hotel de V'ille and the Rue de 
Chalons are soon to be efl^ected, the pro% iding for the crossing of a 
greater number of foot passengers and carriages, at this part of 
the Seine, will have become absolutely necestiary. 
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Impro^thtektb m Pahis, — The so^caUed Hotel de Nantes, which 
since the time of the Consulate obstructed the fine fipnce between 
the TuiJerle^ and the Louvre., has at l^st disuppeared, and no more 
thAii one week was rp(|ijired for this purpose. With a Himilar cele- 
rity, the structure in the gtirdens of the Palais Royal has risen out 
of the ground, which is destined for the exhibition of pictures of 
living artists. 

In the Court-yard of the Palais Royal, ft lar^ye temporary wooden 
buildinjiT in beinff erected to serve forth© next exhibition of modern 
paintings to be held next December* 

Among other lar^e operations is the alteration of the prison of 
La Force, which is under the direction of M, Gibier, architect, of 
Paris. It is now completed «nd being occupied. Being* amin^ed 
for a hou^e of detention for tmHioners waiting for trial, it pro- 
vides for 1200 cellp, in which the inmates can be separately kept. 
U iti HtikX to be the first of the kind tried in France to any extent, 
In France, Meparation i« enforced before trial; but after convicti*»ti, 
in the jttilj* and the hulks the prisoners are allowed to associate. 
The arrant^ements in La Force are taken from the last English, 
Americo- English, and Netherlandish models; and the contrivances 
for warmin-;^ and ventilation are said to ensure perfection. 

Among the enterprises now in progress, we may mention the 

fiublication of the Encyclopedie d' Architecture, by M, Victor CnU 
iat, architect. It is to include every pr^tctical department and 
detail, as masonry, carpentry, marble-work, iron-work, cabinet* 
work, plumbing, furniture, &c.; and will be so far of oni verbal 
use that it wiJl consist chiefly of plates, with very little text. 
Some of these plates we hav^e seen, and are favourably im presided 
with the prospects of the work. The work will he a kind of jour- 
nal, appearing in parts and with illustrations. It will be puhlished 
on the 1st and 15th of each month; and will contain in each part 
five engravings. The sabscriptiiHi is about a pound a-year. M. 
Calliat is the architect who puhlislied the magnificent works, the 
* Hotel de Ville and the * Parallels des Maisons de Paris.' 



A railway arcade, similar to that of the Lowther Arcade, in tbe Strand, 
is beiag consiirucied by the South EauierD flAilway CompADj, on tbe iefl 
band sidip of the approncb to tlieir lermiaua oq the proper! y in llieir pos- 
tession, abutting tipoo Tooley street. The dfBtt^a is rather au elegant oae, 
and conBiftts nf a Bucce!<iion of ihops on either nide for llir* gale of faucy 
•nd other articles ia r«rqiji8irioo by railway tr«vi»Uers*, with a larpe refresh- 
iQeDt-room in the centre of Ihe lhoro*iKlifrtr»- which fronts the railway ter- 
minui. The buihlin^, between )U0 ami 200 feft in kn^^ih, hma its baK4*« 
in<?nt ia TuoJey-&treei, from whence it riaea upwards of 00 feet, divided 
into two stories of 30 f«et each, the upper elevation formiujs^ tbe arcade on 
a levfl With (he railway, and the lower part in Tooley •street forming a 
range of ordinary shopi. There are rooms above the ahopi, and the fltiors 
throoi^hout the huihtLn^j; are fire- proof. The frant ie. to be in the Italian 
style of arcbitectnrA, and ihe building, upon which a large number of men 
hare bi^n at work for tbe hit twu moatha, i§ to be completed and opened 
by Christmas* 

pRnsaiA.-^The Pru*xum Mtmiteur hm poblished a statiitical stateroeot 
of the riiifway work.** of that country* from which it appear* that 21 
underUkiiif;«, comprint in i; a leni^th of S04 miles of comimmkation, were 
open for throtigh traffic in 1849. Theae railways conveyed 8^597,948 
passengers, and 3S,3 1 ^|79''> quintals of merchandise. The gross receipla 
represented IOJS2,til>7 thalrri*, and the evpeasei were d.4l3;l^d thalers, 
leaHng a surplus uf ft, a:j9, 869 thalers. The capital employed tn the con- 
strnciion beinj^ 139J40tOWO ihalers, Ihe reliiro in J 849 was 2*82 percent. 
In IW48 Ihe return was slated to have bfen S*2l per rent. In 1847 4"a2 
per cent. ; in 1840 4"97 per eent. ; in 1845 4 (i2 per cent., and in 1344 4'74 
pvT cent. The whole of the railways by the works executed in 184JI were 
a II gm en fed by about 20 miles. There are at th* present tinif in progjvss 
of cunsrruriifin hix other underiakinKS — namely, tbe Eiitttern Hadway, 
tbos« frnm Westphalia and from Saarbruck, euterprbt-H i^olelj' al the 
government ejcpeose, and iihose from Aix la*Chapellti to Du»sfJdorf l'n»ra 
Ruhrort Crefeld anil to Glaiibficli, and from Aiit-la^Chapelle to iMaeS' 
tricht, constructed by private company's. When thetie new lines shall 
have be*>o ctiropleted, the whole network of Prussian railways will coui- 
prisit a length of 440 miles. 

Hailway TuMNet at Sifnna. — Letters from Sienna of the 10th oil, 
give nn ucLoont of Ihe inauguralioo of that bection of ibt* Siimna llailwuy 
which passea through ihe tunnel ut iMunle Arioso^ one of the most ex tra- 
ordiuary ronetrortiuns of the kind, doe to the talent of lt»e celebrsited 
engineer, l*roft*f;sor Pisnigiiini. The prefect of Florenrei, the Hoyul Com- 
mtssary of Uailwap, and Cuuirt S^Trt^tori, the late minister, were prej^ent 
at the ceremony. The train moved shiwt) iili >ng ihe tunnel, slopping 
under the roo^t elevated sh»fTF, before the principul springs of water, iind 
before ihe sput vvhrre flames are seen tRsuing out of ihe eailh. The Iraiti, 
OQ leaviirg the luoHel, waa eDthu^iaHttcally cheered by the uuiacrous spec- 
taiurs wlio had atj^euibled to wituesit the »ceu«, 



XilST OP WCmr PATSBTTS 

omANTSD IN BWOLAND riLOif SsprmMBEm ^6, TO OcTDBKm 24. IBM), 
Sue lionthi allowed for Enrotmoit mdeu otkenti»e eji^rtmtd* 



Jftcnei B&mUlcMp of LoikIod, cfigbiwr, for iBi|»ro«caienUi la niBcbioerj for sawtof, 
^lio^. ftDd ih«|jiD{^ wood, -^eptraiber 'Mm 

Chnrtthi Hi,rr«tt« of Royal Excbuigt^bulldJlnfSt LiO<»dOD« a»«rcb«iit|, for Imprvrancato 
In rolhnf iran.— SepKaiber 28. 

Jooepli Burcb. ofC«U«Wof|», ChHter, printer, for iisproreinffots tn printlof lerrr 
sxid pll«p csrp«t«s, iroolknK lUk, ftod olbcr aiBtenAlt.— Sepiemb^r 28, 

J«iNfph Croa»l*]ri of Hulifiu, carpet man iilitctur«r; Georgre CoUltr, of the suds pl«^ 
miHhanlc \ ■ndJamct Hudion^of LkiLlrborou({b, printer, for ImproTircDeiiU Im prlnt^ 
1f%rnm tor, aod in wpwviti^ I'lrpei* and uth«r fabrici, — S«pt?mb«r .'8. 

Cyprien Theodore Tii»reaii of Pari*, France, gentleinan, for certain trnproTemefila la 
bydrauUc cluclti — Ovtobef A, 

Jcao Plerr«' Paul Ambc^r^^tir, of Paria, France, drll engineer, for certain Impiwcsieiili 
In the 4ippliC4tiuiii nf rrta«neik' powtr for moving and »toppln§i carrlagra, for ftvlof 
adherence to wheeli upon rail*, and iklio for trantmittlnf oiolioOi— Ortotwr 3> 

William Tudor MatiirT, of MtTicbv«t«r, j)at«'tit atf(^<)^ ^<*^ certain linproTemejiu la tbt 
manutacturtf of suap. {K iomniLiiii leal ion.)— October 3. 

Wltilum BoKgeU, ef St. Ifardn't-tane, It^dleiex, gentleman, aod WUHam SmlUi, of 
llarKa''H,ilreet, kn tbe ••i^l county, eneineert for traprcrvmenla In produi*iDg SNfl, 
applying beat, and (u ei)|(lnei to be worked by ateam or other elaatic (laid, whicb rngiiii 
art %Xmn applicable aa pii(up««— October 3. 

Julian benurd, of Burbaiiarr-ttreei, Glatfrotr, arttat, for ImprOTementa In pocktmallt 
•prinipi, buflVra, pumpa^ and itufBng boxei,— Octot»er 3. 

Chju-iei Bury, of S*lfoitl, J/ancaatrr. manage^ for certain Improtetnenti In madtoBV 
or appiifi'tua for pre^iahiig and tplnnlng, doubling or tiriailog lilk wafte, coltvo, voo^ 
Aaj(, or otber bbrou* •ubvtartce*,— October 10. 

Cbarlee Bury, dI J^alford, Laocaaur, inanager, far certain Improretneota fn maclitBerf 
or 4pparatu» for clennlnMr, iplnnlrig, doubling, and thro>Mrir>K raw allk.~ October 10. 

Roiwrt Brart, of UcKlmarcbe«lerp for Improvemcnti In (be manufacture of bridetaad 
HI**.— Octiib^r Hi. 

Itihn 8cDtt Ruftaell, of Great n«orge- street, Weatmlnpler, enfrliieer, for Improvcavaig 
fa the construction of ahlp* nr veiaela propel Led by paddle- irbr«la, wltb a vleir lo beCMr 
arming tbe aanae. — October 10. 

\l^Ul|n;Tn WfKtd, nf Over tJanrin, f.ancttlilrp^ cnrpet mRnitfacturrri for improvoBMnii 
in the manuiattuiv ut cnxpet^ ujtd tithe^T i.ibHca — Owiulnfi' lU« 

WiUbm Henry Hitchie, of Kennlotfton, Surrey, gentleman, for certafo tmpronrontfiti 
la mairhlnery for pr«|;iariug and carding ilbruua aubataacca* (A comuitwicaUoa )— Oc- 
tober 10, 

W II tia JO Bdvard Ni'TTton, of Chancery lane, englaeert for IniproretneDti la maDttfiK< 
luring yaraa. (A com muni cat! trn ) — October 10. 

Jamea Haisllti^D Bruwat^ oi the Heform Clob^ Pall* Mali, Eai|,» for improTwaent* \m 
the ae pa ration and dl tin lection of fecal mat ten, and in tbe apparatua employed tbcn^ 
(A communication.)^ October 1(1, 

Wnliam Francis Fproi hough, of London, enftneer, for Improvemenia In locomotivt 
and other ateiim engiuei, aiitl iRiproTemeni* lo olitniDiog motive puvrer. — Oct^tter 10. 

Whiting Hayden, ot Wlntlhaiii, Coiiaectlcut. tJiiiied ijtaira of AmeHc«. fi-r an Im- 
provt>d regulator or api;iar«tu« fur reguUting the draught of the illrer on Lhe macatn^ 
termed the "draarinir frame.**— Otiober 10. 

Anloli Prerlerlck Gurlt, of UHndiemwr, gentkman, for an Improved method uf ixiiatl] 
Ini; illirer froxn argrutiferoui miiieriili. — 'Jciober 10. 

George Mkblrla, of Lontion, k'enlleman, for improvem oia la treating, and preparfag 
piitatoea for i^ed. (A commuQiedtiunJ— Octob«r 17« 

.loho Fowler,, J fin., of iUeJkaham. WiiLt. eoalocer, for jmproiremeuta in Biea«n.enffoe^ 
In mlalng and furcithg duid», in irrigating and draining laud* and in maclimery fur cutting 
wrootj for drain- pi pea, and other odei.— October 17. 

Daniel TroMTi-r* Sh«rara, of Banltaide. burrey^ copper merchant, for {rtiprovemeala la 
tbe maniiiactHri^ itnd reiining uf augar. (A commiitikatlonO — October 17. 

John Robert Johiuiou, uf L'rawfund-atreet, crhf miit, fur impravrmetiL* ii» flxlng coloan 
on labrlct madenf cotton and other litire. (A commafik-atlai).}— October 17.^ 

Jamea Henry Baddeley. of iihritoo, Stiifford, engineer and designer, for tmprirreiBOitt 
la the manufactnre of ornaraeulal artlcl«i of eartbrnwiin;,— October 17. 

Thomaa Richtrda Hur'Uxg, i>f LiUe. Prance, manufaitur^r, fur iroprovi^nienta in laa- 
chinery for hecK ling and ciirding flai in machinery fur co»obiaing and drawing wtMlaoCt 
other fibrous materials, ai'ii In macbloery lor milking parta uf such morhinea, and fo« a 
new arratigeroent of tb« aieam-engiQe for drlviag Iat and woollen mlllt, « hlcb arrftDdre- 
meat ii al^o applicable to other piirpuiei where m us live power ia required. — October 17« 

Henry Bernoulli Barlow, of MMJuht-ftter, conaulcing engineer, for improvemeotii la 
iplKiiiug coltoi} and other fihroijt ofnateHali.— October 17. 

Jamei Henry WlJllaiiiSr of Birmliiithan), ntanufactarer, for cefltata Iniproruacntt la 
the Rjanufflclure tdi butloni.^Odober 17, 

Jam^i YouuR. of Mancheftter, ntunufactitrtog chemltt, fof Improvementa la the trtMU 
m en t of certain bltucnioou* nDkicral tubvtancet, and In obtaining producCa thcTvlhota,— - 
October 17- 

Jean Louia Pascal, of Afoorgate^alreet, London, cItII engineer, for an ImproTvd appa> 
ratui for the cure or preventiou of amoky chimoeyi, and alao for the yanlUaUofi o# oblfai 
room*, and butlHlnga in ^tiertL^October 24. 

Thomaa Beale Browne, ol Hampeo, near Andovertfofd. Glouceatrr, gentlemao, fsr 
impraTemrnli id weaving and p^-epariog tibruua materlalat and itainluff or prfallat 
fabrica^ (A cammnnicMtlon,)— October 24. 

Alexander Dixon, of Abercom Foundry^ P^laley, for ImproTcroenti In jaoiikUof Ifoi, 
and other mei^li.— October 3W. 

John Mercer, of Oakenahaw, within CI ay ton -le- Moors, Laocavhlre* gentlcmaa, fm 
Iniprovemcnta In the preparalloD of cotton and other fabrica and fitiroui mat^riA^a,— 
October 'i-l. 

John Oliver Fork, tif BoulOfrneaur*Bier, France, for Impravemeuta In tbe mode or 
manner uf generaitnif ttram In locomotive, marine, and other boilera.— Octol>er*i4. 

John Griint, of Hyde Park fti«et, Middlev«x, for I mprovementa in beating and r«|^ 
latlo(f temperature. — October 'IA. 

Aaron Bo§e, of Hnlestoivrn, Wurreater, nionufaciurer, for a certiln ne«r or Improfed 
meihuil or ceruin new or ImproTcd mtthodt of manufactuKog twtated gun and piatol 
barrels.- October 24. 

Hnmuel Jiicobi. of Hlg^'gnii? Kendill, Weitmoreland, cabinet maker, for certain isa* 
proremenla In printlntr on wtHiDeit, cotton, paper, and other nuhtlarie^r, parta of wftiielk 
imprav^mpnla a/e applicable al»o to the purpotea of colouring, ibading, tlatlng, or mr- 
niahing inch autj«t4nc<*«— Utiobei 24. 

Bryan i^iilllngtori, of Brjtm Hr^ukliion, Lincoln, and of the firm of MllUngtoa ud 
fiona. of Ncwark^upon- Trent, NortlnglLnm, mllleri, far Impromemenla in corn-clcaiijiif 
and fliiur dreailng nHChlnifa^— Octuber ♦J* 

Eilwiirrl tj.arertce hhri^nrd, of Pnriiitment^atreet, W«atnitti«ler, gentteoian* for certain 
Improyi'Tnrula In elennt-niamiiH'tk appeirntuP, BmLuLIf* for th« production Oif dlOl^fi 
power, of heat, and of Mgbt* (A communication,! — October 24. 
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LECTURES ON THE HISTORY OF ARCHITECTURE, 

By Samuel Cleoo, Jun., m*kc.e», f.q.s. 
Deiifsered at the College for General Practical Science^ Putney^ Surrey, 

(PSmilBSKT, HtS GAACI TBI 0UKX Or ttUCCLKUCB^ 1UO.) 

Lecture m.—KOhlZi Dom&ftic ArcMtecture. 

It is to be resetted tliat so little is positively known on the 
subject of Classica) Domestic Architecture. This want of inrorraa- 
tion in however the less surprising^, when we coiifiider thai the 
Greeks and Romans were not a domestic people, and that must of 
their time was spent in public; beaidea, private residences, how- 
ever wealthy the community may be, are seldom built with the 
same solid ity as public ectilices, and therefore the sooner go to 
ijecay. The great changes also that take place in domestic man- 
|ier&, render the habitations of one period untitled for subsequent 
times; they are therefore either removed to make way for new 
^welling^, or so altered as to lose much of their onijinal character: 
this must: have been more especially the case in the ^reat revolu- 
tion thst took place in manners and customs on the spread of 
Christianity and the dismemberment of the Roman Empire* But 
notwithstanding the idea of what was necessary and comfortable 
amongst the ancient Romans differs as widely from ours as dues 
our dome^itic life from theirB, it is neither un instructive nor unin- 
tereirting to inquire into their mode of living; for as each 
receding tide leaves some vestige behind it on the shore, so the 
manners and ideas uf past ages have left traces that may be recog- 
nised in the present day. 

Jf it had not been for the discovery of Pompeii, we should have 
been wholly indebted to the descriptions gleaned from various 
authors for our knowledge of Roman domestic architecture. This 
little town fburied for l(iO€ years) played no ccuispimous part in 
kistory; ami bad it not been for its singular and unfortunate fate, 
would probably have utterly sunk into oblivion. The dwelling- 
Iiouses found there may therefore he supposed to be small and 
Insignificant compared with those of Home, and other important 
cities; but still they are doubtless arranged on a similar plan, and 
prove a great assistance in forming an idea of the private habita- 
tions of the Romans, and their style of interior decoration. 

For several centuriei^ after the foundation of Rome, the houses 
were only thatched and covered with shinfrles; and the laws of the 
ftdiles forbodo the walla of private dwell iugs to be made above 
eighteen inches in thickness. During the time of the Common- 
wealth, the Romans were extremely jealous t>f any attempt made 
by a citizen to exceed his neighbours in show or style of living. 
Publius Curnelius Rufinus, thi»ugh he had been twice consul and 
once dictator, was removed from the senate on account of the pur- 
chase of some silver vas^es. So little silver wsis there in Rome at 
this time, that when an entertainment was given by a senator, the 
rest of the body were accustomed to lend their plate for the occa- 
sion. Lucius Crassus was made to pull down bis house on the 
Palatine Hill, because the roof of the atrium was supported by 
four columns of foreign marble — an unheard of luxury! It was 
owing to this atrium, that Brutus used to call him in derision, 
*'' the Palsitiue Venus." Even Julius Ca'sar bad to obtain permis- 
sion to construct a pediment to his bouse, as this wfis couKidered a 
peculiar mark of distinction. Cicero says: " If you could build in 
heaven, where you have no ghowers to fear, yet you would never 
seem to have attained dignity without a pediment." 

'WTien Rome ceased to be a republic, all these restrictions were 
done away with, and the wealthy citizens of Rome seem to have 
vied with each other in the sumptuousness of their dwellings. The 
wealth of the world poured into the imperijil city; it was no 
uncommon thing for a Roman patrician to receive as much as was 
equal to 160,000/. per annum from his estates, besides corn, wine, 
oil, and other produce. Some of these landowners are said to have 
possessed as many as fourteen villas in different parts of Italy, as 
well as a mansion in Rome. A favourite site for these luxurious 
iriUas was the beautiful shore of the bay of Najdes: so splendid 
were those in the neighbourhood of Biiiae, that when Aristobulus, 
Icing of Judea, landed there, he imagined himself already in the 
capital of the universe. 

Rome at one time contained 48,382 houses (including the two 
classes of insula and domus), ranging from the magnificent palace 
to the miserable, ill-lighted, and ill- ventilated lodging4iouse, 
where the poor congregated. Houses were raised to an inconve- 
nient height^ to afford shelter within the walls to the dense popu- 




lation; it was enacted lirst by Augustus, and afterwards by NerO| 
that no private houi^ iihoold exceed 70 feet in height from the 
ground, a law, however, that appears to have been frequentlj' 
evaded. Many parts of the city were so crowded, that feiu^fiil 
plagues occasionally broke out; a pestilence that occurred in the 
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reigti of Titiifl is mid to hare carried off 10,000 person s dailjr. The 
wealthier dasB«g buying up the laud on which to build their man- 
■1011% and lay out thetr extensive pieasure-g-ardens, eruund and 
ooiusquently house-rent, became enormously dear, fn the time 
of AuguBtui a single suite of rooms in an insula, or detached 
house, was valued at 40,000 segterceii, between 300/, and 400/. per 
annum. It waa intended by Nero, on the rebuilding of Roma, 
th^t each huuKe should be an iiifiula; but thi^ waa only partially 
carried into effect. 

We know little about the plan or elevation of these mansions: 
they were probably as varied as in modern buildings. They appear 
to have been surrounded on three sides by colonnades fronting the 
streets, am) occupied by tihops* for the sale of the produce of the 
estate and other commuditie^j but as trade was consitlered de- 
grading, the sale was entrusted to freedmen, or slaves, or the shops 
were let, and brought a considerable rental to the proprietor of 
tlie insula. These Roman mansions must have contained a multi- 
tude of apfirtments, as each patrician entertained a train of clients 
and dependents, besides his servants and slaves. They were built 
around open courttfi, like those of the East in the present day, and 
had few or no windows looking towards the street. 

Though, as before observed, the houses were, no doubt, various 
in plan, it will save confusion in describing the principal courts 
ana chambers they contained, to follow that given by Vitruvius. 
First, on entering the portico, was the Ve^tibutum^ or vestibule; 
this apartment was generally circular, and derived its name from 
the goddess Vesta, to whom it was dedicated ; it was also sacred to 
the Lares, whose statues were placed in niches round the walL 
Pavements have been found belonging to this part of the house, 
with the words **Crtt'e canevr (beware the dog) formed in mosaic: 
this might seem to reflect upon the hospitality of the ancient 
Romans; but the image of a dog barking wm generally placed at 
tlie foot of the statues of the Lares famiJiares, to denote their 
vigilance: the caution, therefore, might be merely a warning 
against offending the household gods. The Lares were supposed to 
be the spirits of deceased ancestors, hovering about their former 
abode for the protection of its inmates j the word is derived from 
the Etruscan *Var»" — a leader or conductor. A festival in their 
honour was celebrated every May, when their statues in the vesti- 
bule were crowned with flowers, and offerings of fruit presented. 

The vestibule led immediately into the Atrium^ a large *>pen 
court or hall, where visitors and clients waited. Atria are said to 
have been of Etrtiscan origin, and so called from the city Adria ; 
they were of several kinds. The Tuscan atrium was 8{|uare, built 
simply with four beams crossing at right angles, leaving the central 
space exposed to the air: when the atrium was so large as to re- 
quire additional support for the beams, four columns were placed 
at the angles; it was then called tetrastyle. Corinthian atria were 
generally circular, larger, and more sumptuously adorned: those 
called testudine were small, and hi\d a vaulted roof something 
resemhlinK the back of a tortoise, whence their name. The optMi 
space in the centre was called compluvium, through which the rain 
fell into the impluvium, or tank, below; when the rafters were 
made to incline the contrary way, so a« to throw the rain off out- 
side, the atrium was said to he displuviatum. The atrium being 
the most public part of the house, was always decorated to the 
extent of the proprietor » means: with fresco paintings represent- 
ing mythological subjects, or passages from history, and master- 
pieces from the scufptor's hand. The statues and busts of the 
family were also placed here, when the master of the house had a 
right to possess them; but such a privilege was only granted to 
those who had borne some high office in the state, and waa equiva- 
lent to a modern coat of arms; — he who had pictures and statues 
of his ancestors, was accounted noble. Suits of armour, and trophies 
of war, were also suspended in the atrium. On each side of this 
court were porticoes or Ake^ leading into the Cetio! JhmiliarictF, or 
apartments for domestic use. It is supposed that in town hotiKes, 
the Cuiina^ or kitchen, with its accompanying offices, was in this 
division. 

Beyond the atrium, and merely divided from it by a curtain that 
could be raised or lowered at pleasure, was a sitting- room called 
the Tahiintim. On each side of this were apartments devoted to 
embroidery or other work; or perhaps the picture gallery* 

Beyond was the Caf^frdiutti^ a smaller court, built in various 
styles, like the atrium. The cavaediuni had generally a fountain 
in the centre, and the compluvium was occasioniilly covered with a 
purple awning, tinging the surrounding objects with a warm hue. 
Some suppose the cavcedium to have been merely the centntl part 
of the atriuTii, but in this jibtn it is repre»-ented as a separate divi^ 
sion of the house. On one side is the Mibtiatheca^ or library; on 



the other are Exhedrm^ or rooms for reading and ooaversatioii. 

The word tkeca signified any kind of repositor}'' — ^thus there was 
the biblio-theca for books, tlie pinaco-theca for pictures; the 
oporo-theca for keeping apples and other fruits; toe apo-theca 
for general stores; and so on. Vitruvius recommends that 
the bibliothecA should look to the east; because, he says, '* books 
are better preserved when the air and light are received from that 
ijuarter: when libraries have a southern or a western aspect, they 
admit those winds which, at the same time that they cairy with 
them moths, instil also damp vapours into the books, which in pro* 
cess of time cause their decay." Roman libraries were adorned wHh 
pictures and busts of eminent literary men, and were furnished 
with shelves or drawers, where the locumenta or boxen were 
placed^ containing the precious manuscripts: no wonder so much 
care was taken in their preservation, as a librarv in those days 
must have been an expensive luxury, attainable only by the few. 

Proceeding onwards from the cavaedium, we enter the Cyzkene 
&ccuM^ with its surrounding gardens. This saloon must have been 
a delightful summer apartment, with its large windows looking 
over the flowery parterres, and open also both to the cavaedium 
and the perii^tyle. The occi were of several kinds: the tetrastyle, 
with the ceiling supported by four columns; or the Corinthian, 
with engaged columns and windows between; or the Egyptian, 
coniisting of two orders. In this last kind of occus, isolated C4>- 
lumns supported a second range of engaged columns, having the 
intervening wall pierced with windows; above all rose the vaulted 
ceiling oruamented with coffers. These saloons were made lofty 
to allow of the free circulation of air, so desirable during an Italian 
summer, Vitruvius directs that the height of all apartroeatt 
which are longer than they are wide, should be ''' determined bj 
making it half the sum of the length and width add^d together; 
when a square, the height is made greater in proportion by the 
addition of half the width." Another rule he gives is, "Take a 
square, one side the width, the diagonal the length; height to the 
trabes three-fourths the length." The occus was furnished with 
triclinia, or couches, so arranged that the guests reclining on them 
Blight have a full view of the i^arden. 

The Feruitifle was another large open court, and, as its name 
denotes, was surrounded by columns; the Villa Gordiana is said to 
have had a peristyle of two hundred columns. This court was 
geuerally planted with trees and shrubs, and sometimes had a fish- 
pond in the centre: the low wall, or pluteum, counectixig the 
ccdumns, was hollowed out for the purpose of containing soil, in 
which flowers were planted. When the curtains of the tabliniun 
and the cyzicene occus were raised, the perspective view of a 
Roman hou.^e seen from the vestibule must nave been very beauti- 
ful; flrst, the richly ornamented atrium; then, through the tabU- 
uum into the cava-dium, with its sparkling fountain; and beyond, 
the sumptuous occus, with the garden of the peristyle tenninating 
the prospect. 

Round the peristyle, and communicating with it, were the more 
private apariments: the vernal, summer, and winter Tncliuia^ or 
eating-rooms, appropriated to the different seasons, according to 
their aspect; the Cubieuia^ or sleeping-roomsi, small chamber* gene- 
rally containing a recess for a bed, which waa laid on a marble 
tressei, about six inches from the ground; — and the Batl^s^ which 
were considered an essential in every house, and were arranged 
similarly to the bathing rooms in the public thermfe. 

Ah the principal apurtments of the house were always on the 
ground floor, there was no grand staircase; where there were upper 
rooms, they seem to have been chiefly devoted to the females of 
the family, who, however, did not lead so retired a life as that of 
the Greek ladles: here also were the Vestmril^ or wardrobe rooms, 
and the Feneirnfiff^ vt sanctuary devoted to the penates, or pene- 
triileH, aw they were sometimes called; these gods were either 
deified ancestors, or any of the superior divinities, under whose 
especial protection the house was suoposed to exist. 

Occasionally a terrace was formed on the flat roof, where the 
family met to enjoy the prospect and the cool evening breeze; this 
terrace was shaded by trellis- work, called pergula, and adorned 
with creepers and boxes planted with flowers: sometimes an arlary 
added to its attractions. The numerous slaves were lodged in one 
common chamber underground, called the Ertjmtidnm, 

In an early stage of civilisation subdivision of labour was almost 
uitknown, and each household had to be in a great measure self- 
sufficient, all the principal arts and trades being carried on by its 
different members. Pignorius mentions more than two hundred 
kihds of employments that were exercised by slaves or servants in 
the hi*u«es *>f the great. Each mansion contained a carpenter, 
blackismith, &c,; and not only the spinning and weaving, brewing, 
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and hftlcinp, but binldinsc and decoratinsr ^'as the work nf the 
Kouiiehcild t^laves. Where the dtHir^ were bu generally coimtructed 
of mosaic or tesselatefl marble, the pavimentarii, or i^laves likilful 
in the art of con*?triicting pftvemenla, must have been necessarr 
memhem of the family. The floor* were fre<|tiently laid witli 
small hricks placed obliquely upon tbeir edge^ so as to fomi an 
angle; a kind of work called opm ^plealum^ because the bricks 
were placed like the grains in an ear of wheat* Sometimes the 
brick was mixed with bits of white marble, as may be men in 
Pompeii. In the more richly decorated apartments a coating of 
cement was laid^ and upon this^ nio«aic8 of elegant design in 
variously-coloured stones. Occasionally, appropriate inscriptionii 
formed a part of the mosaic floor, such ag ""^Saive" and in the bed- 
rooms^ ^^Bfifie durmio" Numerous fine specimens of Roman pave- 
ments have been found in every part of their world-wide domain. 

In preparing the walk of the rooms for the fresco pa in tin gii with 
which they were decorated, three coats of plaster were used: the 
first, rough mortar; the second was called arenatiim, and was com- 
posed of sand and lime, or puxzolano; the third and last coat was 
called marmoratum^ in which ]>ounded marble was used. This was 
worked and rubbed until a perfectly smooth surface was obtained, 
and was capable of receiving so high a ilegree of polish ati to 
reilect objects like polished marble itself. While this marmoratum 
was still wet, the fresc«e« were laid on. 

The rooms were divided in height by b small cornice, above the 
door; the upper division being to the lower as two to three. The 
walb were then divided into compartments, the width of the door- 
way; these compartments were painted a full deep colour, such an 
Tea, cinnamon, dark green, or even black; with the exception of 
the central medallion, which was occupied by a design in brilliant 
colours. 

The paintings were generally either historical or mythological 
subject!*, or illustrative of passages from the poets; hut occa- 
sionally landncapes or architectural pieces were introduced; the 
latter fehowin^ ii considerable knowledge of perspective. The 
figure pieces are designed after the manner of bas-reliefs, each 
figure hein^f independent, without casting shadows one on another: 
foreshortening was seldom attempted. tkcasionaUy, in smaller 
compartments, the medallions were brought out in white on an 
azure ground. Each division or pauel wa« surrounded by a border 
of elaborate or richly coloured arabesque, displaying an exuberant 
and graceful fancy. It is difficult to assign an origin to this style 
of decoration, which the Romans called rofjotjraphtf or twig paint- 
ing: the discovery of the antique frescoes has quite contradicted 
the idea that it was an invention of the Saracens, or peculiar to 
Arabian architecture, as the name of arabesque would lead one to 
suppose. The Romans relied nujre on the architecture and paint- 
ing of their rooms, to produce a magnificent effect, thati upon the 
furniture which they contained; upholstery work was almost 
unknown, as internal decoration was then an art and not a trade. 

The art of glazing was evidently known at an early period, as 
a window of thick greenish glass set in lead, has been found in 
Pompeii; hut this appears for some centuries after to have been 
an unuiaual refinement, for Vopiscus mentions glass windows an 
amongst the luxuries of a wealthy merchant of the name of Fir- 
mus, who lived in the reign of Aureliau: a kind of thin stoue h 
described as generallv used for wind(»ws, called /#j/n'*- Hpecufarix^ 
probably tale. Fire-places have occasionally been found amongst 
Roman remains; but the only chinmey appears, in most instances, 
to have belonged to the kitchen, the rest of the house being heated 
with hot air. 

It is to be supposed that in the various climates through which 
the Roman empire extended, some variations in the style of domei*- 
tic building would be found necessary; hut none such are disco- 
verable from existing remains. 

Of all the splendid palaces erected by the different emperors, 
few vestiges are left. The Palace of the (Jaesara is now only a 
heap of ruins on the Palatine Hill. The Villa of Hadrian at Tivoli 
may yet be traced for a circuit of ten Itaiiau mi leu; it contained 
theatres, paltusirte, naumachia, tbernuE, and every conceivable 
kind of building for luxury and eutertuinment. In the library 
were numerous niches occupied by the finest statues of Grecian 
workmanship, and a portico near was huilt in imitation of the 
PcBcile of Athens. The ruins of this villa have proved an inex- 
haustible mine from which the cabinets of Rome are still enriched, 
and some of the most beautiful antique Irescoes have been found 
here. 

The Diimus A urea, or golden house of Nero, so called from the 
gilded tiles of its roof, was built on the borders of an artificial lake 
between t|^e Palatine and Esquiline hills, and was surrounded by 



extensive pleasure gardens and porticoes. It is said that the 
wings of tne building were united by a gallery a mile in length*. 
In the interior the walls and ceilings were decorated with gold and 
mother-of-pearl, or set with precious stones; the ceiling of the 
great banqueting-hall was painted to reflenible the firmament, and 
BO contrived as to have a rotatory motion, and to shower down per- 
fumed water. When this palace was completed, Nero observed, 
that he had now built a house fit for a gentleman* It did not long 
remain a monument of his extravagance, for it was partially 
deatrayed by Vespasian, and the Coliseum huilt on its site. 

The only jjalace of the Roman emperors of which enough is left 
standing to enable us to trace the ptan^ and to judge from actual 
observation of its extent and magnificence, is that of the Emperor 
Djttdesian at Spalatro ; commenced a. ii, 303, The building occu- 
pied twelve years, and, together with the cultivation of his garden, 
formed the principal amusement of the emperor during his retire- 
mi^nt. The plan of this palace is quadrangular, about 700 faet in 
length by 60Q feet in breadth ; the walls were flxinked by sixteea 
towers; it was constructed of the beautiful freestone of Tragutiuro, 
which is almost as fine in quality as marble: the outer walla are 
7 feet in thickness. The building is intersected by two streets at 
right angles; in the southernmost division were the private apart- 
ments of the emperor, and two temples, the one dedicated to 
Jupiter, the other to ^^sculamus, the deities presiding over fortune 
and health. The former building is now the Duomo of the modern 
town. It is vaulted, and about IB feet in height; the dome is 
oonirtructed in brick -work, and consists of a succession of small 
arches one over the other, something resembling scales; the roof 
m coflrered with tiles, and a floral ornament surmounts the ap«x: 
both the temples stood within a temenos. In the great peristyle 
of the palace, the columns are of granite, and support arches 
which spring direct from the capital, without any intervening 
memlier. The building, though consisting of only one story, was 
capable of lodging a praetorian cohort. The principal entrance is 
yet St an ding, and is still kjiown by the name of the golden gate; 
over this is a flat arch, composed of indented stones fitting into 
each other — the first departure from the plain wedge-shaped 
voussoir. Amongst the decorations in this edifice are seen the 
rope moulding, and the chevron or zigzjig. It is difficult to believe 
some of the brackets to be of &o early a date, so completely do 
they anticipate the Christian art of after-centuries; especially 
tbose supported by the winged head of a child, with the chevron 
ornament round the mouldings. Few ruins are more interesting 
than this, as so clearly showing the gradual transition of style. 

The country vilbiii of the Romans were in a style of equal maj^ 
nificence with their town houses; they were divided into three 
parts: first, the Prfrtorinm^ or villa urhana, for the residence of 
the master and his immediate attend an ts, consisting of the 
atrieuses or household servants, the topiarii or gardeners belonging 
to the pleasure grouJrds, the musicians, and the notarius or secre- 
tary. Secondly, the Fiiia Ruttiea^ or farm department, where were 
lodged the procurator or bailiff; the vilHcusand villica, or husband- 
man and housekeeper; the master of the cattle; the aviarius or 
poulterer; and other persona employed on the farm. The third 
division was called tlie Fruciuaria, consisting of storehouses for 
corn, oil, wine, fruit, &c. 

Rut as much of our information respecting these villas is derived 
from the writings of Pliny, I cannot do better thjoi nuike a few 
extracts from his letter describing his villa at Lauren I inum, severv- 
teen miles from Rome: — ^'My villa, he writes," '•'"is large enougii 
to afford all desirable accommodation, without being extensive. 
The porch before it is plain, but not mean; through which you 
enter a portico in the form of the letter D, which includes a small 
but agreeable area. This affords a very commodious retreat in 
bad weather, not only as it is inclosed with windows, but particu- 
larly as it is sheltered by an extraordinary projection of roof. 
From the middle of this portico, you pass into an inward court 
extremely pleasant, and from thence into a handsome hall, which 
runs out towards the sea; so that when there is a south- tvest wind, 
it is gently washed with the waves, which spend themselves at the 
foot of it. On every side of this hall, there are either folding 

doors, or windows equally large On the left-hand side of this 

hall, somewhat farther from the sea, lies a large drawing-room, 
and beyond that a second of smaller size, which has one window 
to the rising, and another to the setting sun......The an^le which 

the projection forms with this drawing-room, retains and increases 
the warmth of the sun; and hither my family retreat in winter to 

perform tbeir exercises,, Contiguous to this is a room, forming 

the segment of a circle, the windows of which are so placed as to 
receive the sun the whole day; in the wall^ are contained a !»et ui^ 
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isases, wliich contain a collection of sucb authors whose works can 
never be read too often* From hence you paiss into a bed-chamlH?r 
through a passage, which being hoarded und sut^fiended, as it were, 
over a stove which runs underneath, tempers the heat which it 
receives and conveys to all parts of this room. The remainder of 
thin aide of the house is appropriated to the tjse of my slaves and 
freedmen; but most of the apartments, however, are neftt enough 
to receive any of my frieiia:^. In the opposite wing* is a room 
omatnented in very elegant taste; next to which lies another 
room, which, though large for a parlour, makes but a mode- 
rate dining-room....,, Beyond is a bed-rh amber, tugether witli 
its an te-cii amber, the height of which renders it cool in summer, 
as its being sheltered on all eitles fn^rn the winds, makes it 
warm in winter* To this apartment another of the same sort 
ie joined by a common wall. From thence you enter into 
the grand and spacious cooling room belonging to the bath; 
from the opposite walls of which, two round basins project, suffi* 
ciently large to swim in/' lie then proceeds to enumerate the 
different bathing apartments, '^ At the other end," he continues, 
*4s a second turret, in which is a room that receives the rising and 
setting sun. Behind this is a ]arg« repository, near lo which is a 
gallery of curiosities; and underneath is a spacious dinijig-room, 
where the roaring of the sea, even in a storm, is heard but faintly* 
It looks upon the garden^ and gestatio which surrounds the garden. 
Thegestatio is encompassed with a box-tree hedge; and where that 
18 decayed, with rosemary,..,..Between the garden and this gestiitio 
runs a shady plantation of vines, the alley of which is so soft, that 
you may walk barefoot upon it without injury. The garden is 
chiefly planted with fig and mulberry trees, to which the soil 
is favourable, as it is averse to all others. In this place is a 
banqueting- room, which, though it glands remote from the see, 
enjoys a prospect nothing inferior to that view. Two apartments 
TUB round the hack of it, the windows whereof hmk upon the 
entrance of the villa, and into a very jjleai^ant kitchen garden. 
From hence an inclosed portico extends, which, by its great length, 
you might suppose erected for the use of the public. It has a 
range of windows on each side; but on that which looks towards 
the sea, they are double the number of those next the garden. 
When the w'eather is fine and serene, the>je are all thrown open; 
but, if it blows, those on the side the wind sets are shut....,, Before 
this portico lies a terrace, perfumed with violets, and w armed by 
the reflection of the sun from the portico..*... On the upper end of 
the terrace and portico, stands a detached building in the garden, 
which 1 call my favourite; and indeed it is particularly so, having 
erected it myself. It contains a very warm winter room, one side of 
which looks upon the terrace, the other has a view oF the sea, and 
both lie exposed to the sun. Through the folding doors, you see 
the opposite chamber, and from the windows is a prospect of the in- 
closed portico. On that side next the sesi, and oppcmite to the 
middle wall, stands a little elegant recess, which, by means of gisiss 
doors and a curtain, is either laid open to tlie adjiuning room, or 

separated from it. It contains a couch and two chairs Adj<rin- 

ing to this is a bed-chamber, which neither the voice of the ser- 
vants, the murmuring of the sea, nor even the roaring of a tempest, 
can reach; not lightning, nor day itself, can penetrate it, unless 
irou open the windows. This profound tranquility Is occasioned 



by a passage which separates the wall of the chamber from that of 
e garden; and thus by means of that intervening space, every 
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noise is precluded. Annexed to this is a small stove-room, which, 
by opening a little wijid*>w, warms the bed-chamber to the degree 
of heat rei|uired* Beyond this lies a chamber and ante-chamber, 
which enjoy the sun, thoutfh obliquely indeed, from the time it 
rises till the afternoon. When 1 retire to this garden apartment, 
I fancy myself a hundred miles from my own house, and take par^ 
ticular pleasure in it at the feast of the Saturnalia, when by the 
license of that season of festivity, every other part of my villa 
resounds with the mirth of my domestics: thus I neither interrupt 
their diveraions, nor they my studies. Among the jdeasures and 
conveniences of this situation, there is one djsadv.'intage, and that 
is the want of a running stream; but this defect Is in a great mea- 
sure supplied by wells, or rather 1 should call them fount wins, for 
they rise very near the surface." — A headthy situation, good water, 
and ready access to Rome, either by land or water, were cf»nsidered 
indiHpensable requisites in selecting a site on which to build. 

It must be remembered that the villa described by Pliny was 
merely a winter residence, and of modest projnirtions compared 
with those of the more wealthy palrieians. Vitro vius sayis: 
*' Those of the nobles who bear the honours of magistracy, and 
decide the affairs of the citizens, should have a princely vestibulum, 
lofty utrium, and ample peristylium^ with groves and extensive 



ambulatories, besides libraries and basilic*, decorated In a mannef 
similar to the magnificence of public buildings, for in these filscet 
both public affairs and private c-auses are oftentimes determined." 

The gestatio, described by Pliny, was a place for horse eierciae; 
the box-trees by which it was bordered were^ freouently clipped 
into various forms, like those in an old-fashioned English garden. 
It was from this custom that the gardeners were called topiarii. 
The covered and inclosed portico was called crypto-porticus^ and 
was intended for exercise in hot or wet weather ; it was what we 
should call a gallery. A garden apartment devoted to retirement 
and study, was culled a museum, from its being sacred to the 
muses. Besides the various farm buildings, orchard, kitchen gar- 
den, poultry yard, &c., necessary to an extensive country residence, 
there were belonging to these luxurious villas, warrens for hares 
and rabbits, and a park planted with forest trees, and containing 
fish-ponds, and abounding with game of every description. Varro 
mentions a piece of ground, fifty acres in extent, belonging to 
Quint us liortensius, called a theriotrophium, which was devoted 
tu the preservation of wild animals for the chaae, such as deer and 
boars. 

The care of the apiary wa« considered of great importaoce, and 
Apicius enumerates snails and dormice as amongst the dishes 
pleasing to a Roman palate; both of these creatures had places set 
apart for their nourishment in the villa rustica. HTien we consider 
the numerous departments to be attended to, we are scarcely Sur- 
prised when we hear of three or four hundred slaves being em- 
ploved on one estate. 

We now take our farewell of ancient Rome, with all its magni- 
ficence and luxury ; and though we may condemn the want of pure 
taste and inordinate love of ornHment, visible in many of the 
works of Roman architecture, they are at the same time so won- 
derful in their grandeur and beauty^ that every race of architects 
of every age have approached them not only with admiration but 
with reverence, as a noble lesson in what the genius of man way 
achieve. 

My next Lecture will be on the Foundation of Constaotinoplep 
and the first style of Christian architecture, known as Byzantine. 

LIST OP AUTHOaiTIES. 
Vliruviui.- DfcUiH ftnd Fill of th« fionan Empire: OJbbon.— EcKrjrelotiffdta Wf^ 
llTCHJiqiiie,— Spdlairo; AduD.— Sir J. G. W'Mkiniiun's DulniHiiH.— hviuj r»u huiii«n VlOiti 
Moui*-.— Poni|Hrlanaj Blr WlHUni G^U.-Vlllai ol Uie Aneituu ; CmIcU,— Ornannk 
Iron Poo,k|>fit{ ZaIiii. 



APPLICATION OF HIGH ART TO PUBLIC SCULPTURE. 

On the AppHcution of High Art to Public Sctdpture^ and it9 rtiatim 
to the wanta of the Fmple, lAy Patric Park, of Edinburgh, 

The history of art is progression and retrogression. One bright 
era, the dynasty of Pericles and Phidias^ in the sister arts q( 
architecture and sculpture* another, the bright era of the 
Cintiuecento, in psintin^, sculpture, and architecture; and a thirdi 
the era of the jmuiortal Canova and Flaxman in the resurrection 
of sculpture in modern times — fill our minds from the works these 
ages have produced, with the positive knowledge that a lofty per- 
ception of the works of God and the high destinies of art were 
then apparent to artists and recognised by the world — a glorious 
blaze of sunshine, which seems to have put out the eyes of their 
successors, doomed to a mournful recognition of past splendour 
they felt themselves unequal to n^atch or even to confront. Devoid 
of retrospective ambitimi, their estimate intellectually of the 
worth of preceding greatness in art is that which is stamped oo 
the mind of the trader by its marketable and commercial value, 
N** doubt in this the master is acknowledged; but, contemptibla 
sous of great sires, they have lived but to exist on the renown of 
their fathers^ forgetful that past glory forgotten or uncultivated, 
mnkes present iml>ecility a crime, not a misfortune. 

Having premised that these remarks were necessary in order to 
introduce the topic he wished to bring before the public attention 
— that of recalling to practice a statidard in high art, the lecturer 
proceeded to state.^ as the principle he wished to enforce, that the 
use of the nud^ is the only means by which certs iJi characteristics 
in man can be illustrated; and that in combination with it<, dra- 
pery, from its form and infinite variety, is an adjutant principle of 
scarcely secondary Importauce in its appeal to human perception, 
and this not as robes made after a fashion which ha^e their owa 
individual significance, but as a simple covering, taking its imme- 
diate style from the genius of the artist, the uecesaity of the case, 
and the character of the subject. We advocate these principlet 
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* — ^Ihe ti«e af the nudo^ and the nndo with drapery — not ashelonerini'' 
to any parttciilar n^e or country, but an being' uni versa! in their 
tendencieti, ami a j^p reliable of every nation^ by all nntions — ^ 
double miwer, by which chfiracter is not only ilbistratM to the 
nation m which it was pro*luced, but in an ecjiinl deface to 
forei|fners withrmt the necessity of a translation. Our aiivocncy 
tjf these principles, baivever, must be precisely uniler?<tocHl to be 
In their npplicwtion to a hijffh class of character; the application 
of truth to deformity or malformation would be to the tleprei^sion 
net the exailation of frond feeling. It might give opportunity to 
iTin]ig:riancy; it certiiinly would be nntagonistic to the g-eniu's of 
litg^h art, which reserves itself as the exponent of th:»t exalted 

Eersonality which rises far above ordinary humanity — such as the 
ero of a people, the representative of their patriotism — a charac- 
ter sublimed and deified during a lapse of ajfes, whose example haa 
durinnf these ages fired the generous minded to excel in personitl, 
and to achieve nationfil, distinction, — whose acts were the theme 
of poets^ whose name was the househtdd word of the peasant, — ^the 
spmi of victory to his countrymen in battle, their shield and i^pear 
to sustain them in mififortune — a legacy of worth of character, not 
honour which wonld make a man of the same country degenerate. 
*— This class of character the Gre«ks deiJ^ed^^^^f these were the 
demi-gods of the ancienta, and to illustrate which no p<jwer eitists 
but the nud*L Emfierors and kings, on the other hand, being dif- 
ferent from the nobiiity of Cod*s creation, are to be represented 
in their conventional costume-, which is unlike an ordinary dre^s. 
It is not an uniform; the royal robes of sovereignty are distinctive 
of an office, differing in different sovereignties, and they stand in 
lieu of personal superiority, ever but when in those rare instn-nces 
mind and intellect emancipate the man from the trammels of sta- 
tion^ and bring him within the Auctuations of general life to be 
the benefactor or the scourge of mankind. We meddle not with 
this section of art: we merely note our recognition of it to pre- 
vent mistake as to our meaning elsewhere; neither do we interfere 
with that clasH of character to which private or even corporate 
esteem dedicates statues. The limits of the sphere of operation 
which have governed that character must determine how far con- 
ventionality is to be followed; or, as in the event of grace and 
beauty being concerned, Ihe true art should be called upon. These 
Wing questions secondary to our present object, can ever be safely 
left to the individual artist, but in whose mind the true principle 
ought ever to have a fixed station; as the misapplication of a high 
standard has done already infinite harm^ and no doubt has oppoi^ed 
the progress of truth in the public mind, as the visitors to our 
public monuments in St. Pauls and Westminster can too truly 
tear witness. 

The lecturer then went on to repudiate the principle that 
sculptors should execute men for their costume, and that a great 
art should be made a medium for carrying down to posterity a 
knowledge of the costume of a period, in tbe«:e details the painter 
bad an advantage which the sculptor did not posses. The t^culptor 
meets the painter in the grand arena; he has nothing to do with 
secondary art; the very materials he employs are unfit to produce 
a result in tinsel, colour, embroidery, or texture. He can produce 
at the best but weak imitation. When necessity compels him, he 
can carve a chain, but it has no texture or colour; be can imitate 
by a trick of the chisel the appearance of silk, which demandj*, 
bowever, that the statue have always a layer of dust in bis fiat 
effecti»; he may carve a piece of white lace, for there colour is 
eo-assistant; but in all these he is limited; and the best he does 
IS but an apology, and should never be made much of. Grand folds 
in drapery are bis power; graceful^ elegant, and beautiful arrange- 
ment, his charm. If he succeeds in that he can afford to want lace 
on its edges; and if he can model a noble statue nudo^ he can afford 

■ the clothes to the ship figure-head maker, W^henever the sculptor, 
as he generally does^ idealises the coKtume, by so much does he 
acknowledge his error in using it at aU, When he clings to form, 
only Ujjing a few wrinkles at the kneee, ankles, and elbowR, he must 
know that he is neither serving God nor Mammon. Controlled by 
bis employer on one side, and his own aspirations on the other, he 

I produces a work incongruous and unsatisfactory to the very spirit 
of the age which coerced him. 
Mr, Park then pointed out the relation between a true spirit in 
Bculpture and an elevated Ettyle of historic painting, relerrring to 
the restoration of the Antique in the Cinquecento as the origin of 
that spirit which produced Miciiael Angelo and Raphael, and the 
schools of Florence and Bologna. \V- henever the people had their 
tninds familiarised with a high clase of sculpture in our public 
monuments, the painter might prepare his colours, and cheer up 
hid heart with the knowledge that his efforts would be appreciated, 
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and that he would no longer be c.illed upon to paint down to the 
jjublic taste. Good sense would then be heard reason ing justly on 
the power of art when it became truthful. 

Having argued, in defence of the nudo^ that the Greeks or Ro- 
mans did not walk about or fight naked any more than the 
m«tdernf*, but yet that their sculptors^ with a just perception of the 
great in art, adopted the nurfo, or the nudo with drapery, in repre- 
senting them, Mr. Park contended for the auplication of the prin- 
ciple in the present day to characters of a nigh class, In illustra* 
iioti of whicn he referred to Thorwaldsen's statue of PoniatftwKky, 
in which the nudo and drapery are admirably combined; and the 
stntue of Napoleon by Canova, now in the possession of the Duke 
of ^V^eHington. The treatment of this great gtatne, he remarked, 
has subjected t'annva to much animadversion, gTHdually receding, 
however, in virulence up t«» the present day, when tew will be 
found to maintain the opinions they may have been anxious to 
advance twenty years ago. That Canova was right, every day 
adds its evidence, and ignorance i's gradually but surely yielding to 
the force of true judgment. The imitation of the cocked hat, 
surtout, and jark-boots, which ilhtfftrate the Vendome Pillar, is 
neither that of the man or the hero which will give snlisfaction to 
poFiterity. Little models of the Parisian statue, glittering in 
paint, may be seen fuUilling their destiny by giving light to cigar- 
smokers in tobacconiKtw* shops: never shall we see the heroic figure 
desecrated to so ignoble a purpose. Future ages will see Canova's 
work enshrined wherever intellectual power is reverenced, and 
artistic apprehension of the true and grand is honoured as its 
exponent. When the Vendome column shall be coined into »ons. 
or re-moulded into its original cannon, the caricature of ite art will 
only facilitate its fall; while, for its great art, Canova's statite 
mu>t become a treasure to the world. Entirely 7iudo does the 
sculptor represent the hero, with the addition of an imperial roba 
hanging from his arm, and which supports the marble. In one 
hand is held the long rod of empire; tne outstretched palm of the 
other holds the globe and laiireUbestowing victory. The head, 
modelled from the period of his great Italian campaigns, is full of 
that beauty immortalised in the medak of the time, and is crowned 
with lanreL The expression is noble and melancholy, and with it 
the whole frame is in unistm and grace. This statue is the ab- 
straction of the thought and power of an empire — the statue of the 
Vendome is that of tlie buffo of the gnard-room. 

The lecturer then gave a humourous instance of the easy man- 
ner in M'hich a person in modern costume might be modelled as 
compared with the model! ing of a figure nudo or nnda with dra- 
pery; and expressed his conviction that to model a man as God 
made him, and the !«ame man as the tailor and shoemaker make 
him, requires, in point of time, twelve months for the former to 
one week for the latter, and in point of skill that of a man to that 
of a child. 

Mr. Park then shortly alluded to the history of the art in Scot- 
land, where, he eaid, the people hardly knew what a statue meant 
until abi)ut thirty years ago, when iMacdonald so honourably to 
himself produced his heroic models in this city. His era, he cha- 
racterised as the spark of the Jiirit and steel of the workmen and 
e<lucateii classes in Scotland, and he saw every reason to hope that 
the fire he kindled was not extinct. The generality of tlie work- 
ing classes are yet untainted by dilletantism; they have not to 
unlearn old prejudices, they are open to receive just impressionn, 
and the lower classes in Scotland have ever shown a quirk appre- 
hension of the right and the true. To them principally would he 
aiipeal; to the wise and refiective of all clas*ies would he he urgent 
tfiat the bond of aspiring hopes and love of country shxmid prompt 
l!iem to leave behind those slow men or those prejudiced men, 
whose pride prevents improvement. In this question in a remark- 
aide degree, there is a junction of extremes between the higher 
and lower classes. Both are less artificial than the middle classes. 
They have less thought on their minds than the money-making 
portion of the community, who, whatever may be the substratum of 
their nature, are in the majority, of necessity absorbed in commer- 
cial pursuits, and as a class are undivided in the race for svealth, 
and cannot spare the time necessary to study a subject like art and 
its relation to nature. The higher and lower classes, again, love 
nature; both love to look on a man and manly power; athletic 
exercise is common to both; beauty and grace in the poetry of 
Burns is felt as deeply by the peasant as the lays of the trouba- 
dntirg were by the knights. The man who admires the boxer out 
of his lumbering clothes, and can dispute points in his condition, 
and calculate events from liis perfect or imperfect symmetr)' — who 
is accustomed to see the brawn and muscle of the stone niid ham- 
mer tbroweri to watch the agility of the racer or the lithenetis uf 
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the vaulter, ia a dangerous critic for s nudo statue; and the juiljr- 
ment of men like these is favourable to bigh art, which in thus 
shown to be eminentlr fitted for the wants of a Large majority of 
the nation. Ao additional reason ia therefore adduced for exertiou 
by the artia^ts of this country to advocate by word and deed the 
erection of public works in sculpture of the very highest class, and 
the selection of pictures of a like superiority for our national gnU 
leries. 

Mr. Park then referred in very pointed terms to the practice of 
omitting artists in the nomination of committees of taste, and the 
selection of individuals little qualified from their purfiuita or tastes 
to decide m such matters. As instances of the doings of such com- 
mittees, he mentioned the Nelson Monument Committee in London 
and the Committee for the Monument to Sir R, Peel in Manches- 
ter, It appeared, he ^aid, that the Manchester Committee had 
selected a few eminent sculptors to compete^ giving etich Mty 
pounds for his unsuccessful work^ the successful competitor having 
three thousand guineas placed at his dijsposal for the completion of 
the work, the style of costume to be that of the present day. This 
proceeding he characterised as at once presumptuous in the com- 
mittee and unjust to art and artists. How dare the members of 
that committee^ he would ask, virtually pronounce that there is no 
lurking power and talent in their own fio^n, or in their own neigh^ 
hourbood, or in the nation at large, or in the world, which an open 
and unlimited competition on the boasted principles of their 
vaunted political economy might have called forth, to honour and 
advance art, to adorn their citVj and t^ illu^strate the charucter of 
Sir Robert Peel. He gladly turned to ihe example of Salford, and 
hade the men of MancJiester note the different ertimate that com- 
mittee have of their true and just position to their constituents. 
For the Salford Monument to Peel a competition has been an- 
nounced also, but open to all the world, the site described, amount 
of fundti advertised, and a date for the reception of designs, leaving 
the styles free and unfettered to the artistic skill and general 
knowledge of the competitors.. He should not be surj^nsed that 
Salford, for 1500/., should get a nobler work than Manchester for 
its SOOO/. 

After some further remarks, the lecturer concluded by calling, 
in eloquent terms, upon the Scottish pnblit:, to sliow their appre- 
ciation of ihe labours of the artist. He doubted not that it would 
Ue found that the late munificence of the Legisilatiire, and the 
confidence of the country, would be most amply justified hy the 
foundation of a IJchool of Art, which, like our School of Medicine, 
would be known over the world. Much could he done by art for 
art; but amid its noble aspirations, the Scottish public must be 
manly and consistent in that patronage which is the aim of every 
artist, and the only support of a national school. If the glories 
of artistic triumph are to add another rose to the National Ciiaplet, 
then the nation must be as earnest in its appreciation of the labours 
of the artist as he will be lavish in sncrificing eaae at the *ibrine of 
Scottish honour, and for the glory of Scottish Art, 



MOTION OF WATER IN PIPES. 

()n fhe Motion of Water in Conduil Pif^ea; on Friction and Pre^^ 
fiire in Pijiea; and on Jfh fi*Enu, By M. D'ArnifisHON de Voisixs, 
Ingenieur en chef Direrteur au Corps Royal dei^ Mines, &c. Ike. 
— (Translated by T. HowAan, for the Civlt Engineer and Archi- 
tect's JoumaL) 

(CtmiinUied from fioffe 165.) 

A»T. in.— Of toe Pressure on the sijies op CoNuirrr Pipes. 

Havini? treated of the circumstances attend iner the motion of 
water in comluits, let us examine the effects of tliis motiiui upon 
the pressure of the fluid against the sides of the pipes: we shall 
afterwards point out the most important consequences of these 
phenomena. 
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29. Let us suppose a horlicntal couduit AB fitted to a reservair 



kept constantly full. If we dcme the extremity B, each part of the 
pipe will experience a pressure measured by the hei|i;^ht or head AC; 
and if at some points H, 1, K, &c,, taken ipdiscriminately, we 
insert vertical tubes, the water will rise in them until the weight 
of the columns HL, IM, KN, be in equilibrium with the pressure 
at these points; consequently it will rise in all of them to the 
level CD. 

Let us then open the extremity B; and suppose that the sides of 
the pipes oppose no resistance to the motion, as in the ca«e of a 
very short lube, and that there is no contraction at the entrance A. 
The water will flow in the conduit, and will leave it, witb a velocity 
due to the total head AC. All the force of this head will then act 
parallel to the axis of the conduit; no action perpendicular to this 
direction will result from it, and connequenlly, uo pressure on the 
sides of the pipe; as io Ihe case of water moving in canals, where 
there is no pressure tending to raise its surface. The fluid in the 
tubes HL, IM, will sink to the level of the upper part of the water 
in the conduit. 

27. If we only partially uncliMie the opening B, ao that tbe 
orifice of discharge be less than the section of the pipe, the phe- 
nomena will no lonf2:er remain the same. The w ater will be di»- 
charjtred with a velocity very nearly due to AC; but the velocity 
in the pipe will be less, following the inverse ratio of the sections. 
Let V he this lesser velocity, *0l5at»- will be the lorce or portion of 
the head AC employed to produce it: still iicting on a parallel with 
the axis, it will exercise no pressure upon the sides. But the 
remain iu|^ portion of the total force, or ii — 'Ul^ji'- (by making 
AC = H), actinia on all the particles and pervading" them in every 
direction, will pre»s up the tiuid from below at 1, K^ &c., and it 
will ascend in the vertical tubes to a heijerht equal to H — n)154fr; 
which will be limited by the horizontal EF, CE being equal \q 
■0l55f>*, ilence come« the great principle which BernouilH has 
established by calculation, confirmed hy experiment, aud which he 
has made the basis of bis Hydraulic Statistics (^Hydrodynamiea,' 
Sectio Xll,); namely: iht premnre viiivh uHiter rnuuiay in jnpm 
AFereiseit Ufam an ^ given jmnt uf itn sidefi^ is equal io the ejfectit^ hmd 
on that pointy mintu the head due to the veiocitg in the pipe, 

28. The resistance which the sides of the pipes oppose to the 
motion, does not in any way weaken this principle; it only dimi> 
nishes H, or the head wbicli without it we should have had upon 
the point under consideration. Let us examine this in detail. 

Thift leaistaiice is proportional to the leuffth of the couduit (♦); 
that is, to the length of the journey made by the water; thus, in 
the same conduit it will ^o on progressively increasing from ita 
orig-in A, where it is nothing, to its extremity B where it is -OOOIl 



So that if on BD we take FG, equal to this expression, 

as representing; 



Tg the resistance at B; and draw the line EG, the 

resistances at 11, I, K, &c.. 



will be represented hy the line^ ofy 

it'e\ a"e'\ &c. (since ac : a'e' : «V : F<i : : E> : Ee' : E^" EF). 

Let us designate these resistances by r, /•', r'', It, At each 

of the poinlH we have indicated^at I for exsimple— the column MI, 
the index of the prei!.sure in a state of repose, will sink; 1st, frotn 
Me {— ^i}l56v-); for in this castf as in the foregoing", this portion of 
the motive force, being directed in a line with the axis of the con- 
duit, will cause no pressure on the sides. 2nd, from a'e' (^ r'); 
this other part Iff the totnl force having been abBorbed, and as it 
were destroyed, by the resistance from fricticKU between R and 1, 
could no longer have any action on thin liist point: the pressurt 
there will be measured simply by a'l ~ H — r' — '0155p*", In 
general, the pressure at any given jiiunt of a horizontal conduit, 
where r repreHents the retiistance met with from the beg^ionin^, it 
expressed by H — r — *0155ir. 

At the eitri^mity of tUe conduct where the reiiitsnce is E» the preuura 
GB — H — R— Dt5'& c^. If tliia extremity were quite op«n, ine sliould btfe 
(2) RsH~*015^ tf^, and comequMiil]? GU»0; Ihtt ia to say. ihat the 
pressure of the rxtremity of the canduU would lie nil^ and thftt the colutniit 
increiiing the pre^aurc at its variaus poials will bare the bae £B fur ihik 
highest liiaiu 

29. Let ns consider finally the cn^e of an ordinary conduit, that 
is, of a conduit inclined and having: the extremity only partially 
open. In a state of repose, the nvliimns indicating the pro»%ure 
will be raised to the horizontal C 1 >, the level of the fluid in tht 
reservoir, according to the ilyilrofltuticiU law of Cmnmunicalimg 
Tubes: they, and consequently the pressures, will be unequal; eadi 
will have for measure the difference of level between the poial 
w|iere it is exerciaed and the surface of the reservoir. When th% 
fluid IS in a st.ttc of m^^tion, tbcAC columns will undergo %\ 
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diminuttoDs as in tlie prece^ling- number, and by reason of the 
same caQses; their summita will only reach the line EU, which will 
I Jte their limit (they would be limited by EB, if the condnit were 
quite open); consequently, the pressure upon anv one point of 
which Ho is the depression below the rettervoir, will he expressed 




I 



The expression will be the same for an nndulatliif^ conduit as 
AH' r K B; only the summits of the columns will no longer be in 
ft ri^bt line; the resistances, being: proportional to the leugth of 
the pipes*, will slrjctly follow the ratios of AH', AC; but not those 
of E «, £ ?' ; a conditrun necessary in order that the points A^ a, a\ 
may be in a rig^ht line. 

Ttitai Head; and Effective Head 

3Q. We have called the head of a conduit^ and designated by f I, 
the difference of level between the surface of the fluid in the reser- 
voir, and the orifice of discbari^ej it would be the height due to 
the velocity of discharge, if the pipes offered no resistance to tbe 
motion. Hut tbe resistance diminisheH this entire f^ad^ so that the 
^«:/fi7if Amrf of the conduit, or the heifht by virtue of which in 
reality the Huid runs out, will be leas according to the resistance 
which it will have met with, from the beginning to tbe extreme 
end of the pipes: R being that resititance, the effective head will 
lie H - R, 

By analogy, for every point of the conduit, its total head will be 
tbe height of tbe reservoir H^ above it; and its effective head will 
be thin sume height diminished by the rt^stance experienced by 
fluid from tbe origin of tbe conduit to it, or H^, — r. 

Difference between tM Head and the PreiMure* 

31. Since the pressure upon this same point is H^, — r — *0155t*', 
*Ol55t3^ will be the difference between it and the head. In ceneral, 
the height due to tbe velocity of the water at any point of a con- 
duit, is the difference which exists there between tbe effective head, 
or the head properly so called^ mid the pressure upon this point. It 
is not correct to take one for the other; but in large conduits, 
where the height due to the velocity is very small, the error in 
seldom or never of consequence. 

Of the Pirmof nitre afid it« Indimtifmjt. 

32. The guage tubes which we have supposed to be placed on 
the couilitittt, (and which, by the height to which the fluid is raised 
iti them, measure the pre*isure which exists at tbe points to which 
they are Jit ted,) have been named in France, Pi^sEometrec (piesis^ 
pieicoj^ pressure; and jnetrony a measure). 

They lervc lo give ui ii it were i phyiic^l rcprficntition of whit ii un- 
dentood by rttUtanct and loai of beid. Let Ui Bup|»oi« tbat we hive tilted 
one U{>on a giten point of a conduit situated at 11^ below the le?el of the 
reeervoir. According to whit hat juit been Kiid, if the water were io repoie 
JD the conduit, it woyld ri»e in the tube to the height H^ \ when the water 
i« running it will sinkf and remain at the height 11 ^ -r^k, h being the ele- 
Tfttion due lo the velocity tJ. The depreision^ or the difference between the 
Iwo height! will be then, H^ — H^ + r-f A; and in deiigiiiting it by jr, we 
ihill have ,r-=r + A ; or, r=j" — A j that ii to say, th* ramfance tTperienced 
£y the wateTf/rom the origin of the conduit^ to antf point of ii* tenffth^ triii 
be rtpre»ented hy tha difference of tevel between the ntrface of the reterpQir 
and the mmmit of the Jiuid column in a piczQmeter fitted upon thiM pmnt 
{minuM ih§ height due to l/ie veiocit^ in the conduit ^ i quantity a I way • very 
•mall). If we augment or diminish the volume of water running in the 
conduit, and coniequenily it* velocity, by enlarging or contracting tbe orifice 
of ditcbirge, the ^uid in the piezometer will beci^me lower or higher, in a 
•tight degree, very nearly proportional to tbe square of this volume or 
letocity* 

i The depreiijon aught to be tf rOOOSS — ^_j +Q — ^^ | 

ftnd we thtll bite to cm pare the ret ulti of theory ^iih I bote of eiperi- 
tutot* 



For a •econd point of the eonduJt, taken, for ef ample, lower down •tream 
than the first, we tbould have in like manner r'ajr'— A, since the velocity 
of the height due to it, h^ remain the same throughout the condtiit* Ont* 
ting off from thii rqumtion the firat r«=jr^A, we have r'— r— x' — x. Now, 
r' — r, ibe difference between tbe two reAistanceit is evidently the retiatance 
met with from the firat point to the second ; and x' — jp, the difference be- 
tween the depreition of tbe two piesometrical columoa below the reaervoir, 
will be the difference of level between the aumiQiti of tbe two columna; 
thuSf the reaittanee uAich the water meetM ufUhfrom ome point qf a comduii 
to another, or the hit <if head from thejint to the eecond, i§ indicated b^ 
the difference ^f levet Betweem the eummit§ of the /luid eyimmnt of two 
pietometen, Jired one on each of the two point a. If the diameter of the 
pipe on which the aeoond piexometer 14 fixed were different to Ibe firit, 
then tbe height h' due to ila felocity would no longer be equal to A, aod we 
•hould bave^ 

r'~r'«y-A'-(jr^A)-(y-x)-(A'-A)j 
thit it, tbe reaiitaace from one point to another would be meaiored by the 
diflference of Zevel between the two piezometrieal summiti, minua or plui 
tbe difference between the two heigh la due to the retpectire TelocLtlea, »€- 
cording at tbe vebcUy at tbe point down atreaEQ abould be greater or leia 
than Ibe olber. 

We aee, by Ibeae examples, how the piezometer renders perfectly clear 
the reiiitance in pipot, and the farialiont which take place in Ibetn; and, 
conaequeolly, bow uaeful itt indicationi may be. I have lucb an ioitrument, 
made of glut, fixed on one of the conduitt of Toulouie, aud carried into 
ihe of]ioe of the engineer of there works; and it indiratet to him conttsntly 
tbe itatc of tbe water, aod tbe diiturbaacea it meeti with. 

Thickneu required for Conduit Pipes, 

33. [Under this bend, D'Aubuisson discu»sef tbe theory of 
the force of nre»8ur© tending? to burst a conduit pipe; and then 
from the resiilta of experiment on the coheaive streoi^th uf cast- 
iron, deduces tbe tbickite;»s of pipe necessary for various diameterfs 
to withstand this pressure. Adding to this tbeoretical value, » 
margin to allow for the sudden shocks to which cunduit pipes are 
liable, and for the imperfections usual in costings, the formulae 
which he finally submits and has adopted for practice is, calling 
tkJckness of pipe c, 

e m inches ^ *39i int + *D15 dia. in inches. 

For pipes of less than i\ inches diameter, he considers there is no 
nece««sity to add the second terra of Ibe equation, but makes them 
all about |-inch in thickness. 

This formula) is for pipes proiJed to ten atmositpheres, or about 
300 feet head.] 



Art. IV. — Or SysTEHs of CoNnriTs, 

It IB rare in practice that we have to deal with a simple conduit, 
conveying to its extreme end nil tbe water it receives at its origin. 
A portion of this is generally carried off, at various points, by 
secondary conduits; from these again branch pipes of a third 
order, so that a large distribution of water in a city or town, pre- 
sents as it were a trunk branched and sub-brancbed in every 
direction. 

34, To determine the circumstances of the motion of water in 
tbe different parts of such a eystem, and that by the knowledge 
alone of the dimeJisiona and respective position of the sever:il 
parts^ is a complicated problenr, of which a solution has not yet 
been given; ajid yet the calculations which an engineer has to 
make relate generally lo a gystem, and not to an isolated conduit. 

To fiirm ftu idea of the bfi!?is on which 1 have established the 
solution that I am about togive^and which is applicable to at least 
some cases, let us suppose a system already existing, adapted to a 
reservoir maintained constantly full, and discharging water lbroiifi:h 
mouths at the end of various branches. Let the quesliun lo W 
determined be, for instance, the i|uantity of water flowing out of 
each mouth (although that is not the object we have now in view), 
it is evident that we could immediately calculate this quantity if 
we knew the effective head of water at the end of the branch, that 
head of water being the height due to tbe velocity of discharge 
(30). But after what has been said (30—3*2) the elfective head is 
the entire head, minu« the 1o«h of head or re^sistance that tbe fluid 
has experienced in its passage through the system from the reser- 
voir to this ntouth; so that this problem is reduced to the 
determination of the amount of tbe ieveraJ losses of head. 

Of the Several Loitfti pf Head, 

35. These arise, 1st, and almost fiulely, from the frictional resist- 
ance of the sides of the pipe. Sndly. From the resistance due to 
the bends. 3rdly. Fiom the change of direction in the movement 
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when the water pusses from the mmn conduit into a bmnch, and 
from a branch into a »uU-hr*iiich. 4thly. From eddiesi <ictiiisioned 
by the diversitmof the wnter at the head of each branch tir sub- 
brsnch. As to the resistance arUing from contraction, it is urmeces- 
sary to take it into account; we should not admit a permanent 
contraction in a conduit: if one accidentally exists we have 
pointed out the method uf «akiilating its* effect (20. > We Imve 
seen (15) that all resiistance to the motion of water in a conduit 
pipe is an effort opposed to the motive force or total head, and 
which abtiorbing:a part of it. causes a los4 of head* 

VVe have treated in detail the first two of the four loAsen that 
have just been pointed out, and shall now limit ourj^elves to the 
recapitulation of them.— The equation for the resistance of the 
Hides (6) is 

=•«««-- (2". + -!^). 

For the reaistaQce from bends (17) 

Q* . 
= ■U0G08 ~ »in*; 

The other two remain to he examined. 

Lois of Head arising from ChnngtM of Directhn. 

36, When a body moving with a velocity v in one direction, ia 
forcibly turned in another, makinjr an ang-le i with the tirst^ its 
velocity in then only v cos z. In the anmQ way, when a fluid in a 
conduit haviniE^ a velocity r, passes into a branch, obstructing the 
other forces which may act upon it, it will then only have the 
velocity V con L The force or head due, which was *0155 v- in the 
conduit^ will only be '0155 ir cos- 1; it will then have lost in head 
*0155«"' {1 — COS' i), or '01 55 it* gin- i. 

Almost alt branches are made at right angles to the main 
conduit, although they afterwards be diverted bv greater or le^a 
headA^ In this cat^e i ^ 90^, sin i = 1, and the loss of head, re- 

Q Q^ 

collecting that r= 1*273 j!^,, ia -0252^^; that is to say, the head 

or force due to the velocity that the water has in the main conduit 
is entirely lost: it has no effect in the direction of the branch: the 
fluid only enters this by virtue of the pressure (or piezonietric 
height) ejcisting in the conduit at the point of junction. 

ZfOsa due to E rogation, 

37, At this junction there will be yet another loss of head. In 
order to measure its amount MM* Mallet and Yunieys, engineers 
of the Furis Water Works, placed a piezometre on a conduit i*^in. 
diameter, a little above the junction of a branch of 3^ in, dianiBter; 
and they placed a second guage a little way down this branch. 
The water stood in this last '39 feet lower than in the first, tlie 
quantity discharged through the branch being '1535 cubic feet per 
second; the velocity was 2-77 B feet, and the head due to tliat 
velocity "1^0 feet: this last quantity should be taken above the 
elevation of the first piezometre to impart the SLbove mentioned 
velocity, there will then remain only as the difference, or for the 
effect of ero^ation, '274 feet, a quantity 2'2S tim^a greater than 
that due to the heig^ht. The discharge from the branch being in- 
creased to 35*4 cubic feet, the difference between the two piezo- 
metres was '502 feel; the height due to the velocity being then 
•168 ft»et; and there remained for erogation a quantity 1'94 times 
greater than that height. We conclude from these experiments 
that tlie loss of head occasioned by erogation is equal to about 
twice the height due to the velocity in the branch. 

Any uncertainty as to the amount of the loit of head due to erogation, as 
well 18 those arising from benda and change of direction, does not involve 
Any prieticAl consequence, the&e values being to slight relttireli to the 
others which enter into the equations, eipecially to the losa resulting from 
the action of the sidei, and the latter has beea determiQed hy the aid of 
more ttuin. lifty experiments* 

38, For some time I feared that the erogationi for the branches mif ht 
extend their effi^ct to the coaduU itself, behiw the points of junction, and 
that the bead might experience a considerable diminution. If it bid been 
so, the iolution of thf" problem Vihich i give here, and which I bad impli- 
citly given in my * Traite tut k mouvemeat de t'eau dang les Conduitet, 
1827.* would have been completely defective. To decide this importsat 
qiication, I instituted the foUa^vinff eifieriinenti in 1830:— 

Ou a conduit 3^ inch diameter, 2090 feet lon^, 1 had placed at 14 U feet 
from iti cominencement, a tube having a cock tbroua;h wbkh we could let 
off a greAterur !oss qtianticy of witrsr ; this represented the circum^tinces 
of a junction. At 1*61 fe^-t abovtr. as well as at 230 feet below, we fixed 
a large pie^ometre ; ttie head of water oa the conduit remained nearly coa* 



Water dlM^arired ta Got 

t^WlMHt. 


PttemHn. 


Alth« 
JnncUan. 


At tb« end of 

the Ciifirluit. 


Aborc 


Below. 


Cubic t9*U 

*ooaooo 

-009479 

■029494 
•040250 
-048736 


Cubic fe«U 
•059860 
-0526a6 
•036058 
-020448 
'018152 


6-23 
499 
2-98 
0-59 
0-39 


6-27 
4-99 
S'Oa 
0-56 
0'33 



itant,) 24*28 feet, and ita extremity was qitHe op«n. We dlacbarged through 

the jonctioQ the volumes of 
water iadicaled ia tha 
raargin, ind have noted op« 
poiiie those which flowed 
from the eitremity, as well 
as the height at which tfa« 
water stood in eicb of the 
Iwn pi^zo metres. As we 
could not determine the 
heighti within about | of an 
ifich, wc may cooclu»lc they 
were the same above and 
helow the point of junction. 
This equality of pressure was 
maintained m severai other 

experiments that I made with the same apparatus* 

Thus a branch made in a conduit does not sensibly diminish the pressort 

or lierid hdow tha point of junetlun ; and in a iy»cem of conduits, we may 

consider that there are no oiher losses of head hut the four in questioa. 

Fituil Equathnfor the Motwn in a Branch, 

39, Let n be a branch or sub-branch of any order whatever, 
Bup|Hifie<d to be quite open at the end. Again, let 
df^ be the diameter of fiuch aperture at the end. 
m» the GoefScient for contr^tction. 
n« the entire head of the branch, or the difference of level 

between surface of the reservoir and the orifice of dis- 

charge. 
D„ the diameter of the branch. 
Lii its length. 

Qu the quantity of water it conveys, 
S'n the sum of the sqimrea of the Binea of the angfles of reflee- 

tion at the various bends. 
[R] the %nm of the resistances or losses of head experienced by 

the water which flows in the branch down to its junction. 

If, by following the course of the water which reaches it, we 
represent by r aiid r' the losses of head due to frictioo and beo^ 
upon the main conduit a* far as the first branch; by r^, r^i, f^i, 
r"\^ the four losties of head upon this first branch; by r^, r*,, t',, 
r"\^ the four losi^eB of liead upon the second up to the third 
branch; and so oii successively up to the branch «— 1, to which it 
adapted the branch n, we shall have — 

[11] = r + K -f r , + r\ 4- r\ ^-r'\ + r,^i+ rV_,+ 1^.-, + r^i, 

since the sum of the losses of head, deducted from the total head« 
gives the head due to the velocity of discharge (34); or, rather, 
the entire head is ei|ual to the sum of the losses plus the head due 

Q= 
to the velocity of discharge, which is (13) -0252 ^ » and the 

fn « if M, 

equation wiU be 

H„ ^ [R] + -0252 ^^ + •Oa0677L(2l' + 1^^^J + 



'OOGl 



l>\' Jn 



+ *165 



+ *0252 



m\d*. 

When the branch is entirely open at its exiremity, m\ rf*, s=r D*,, 
The above equation enables us to determine, directly or indi- 
rectly, either of the values implied in it, from a knowledge of the 
others. 



ADELAIDE CHAMBERS, GRACECHURCH STREET. 

The engravinsr we now give represent!; some chamber* and 
buildings around what many would make into a common alley. 
Mr. Charles Corbett, architect of this design, has, however, 
without nny ambitious attempt to carry out a costly structure, 
created a picturcs^que composition, of which there are few examplef 
of the same kind in the City. The hhape of the f^Pound and 
openinflf seemed unfitvourable to any harmony of design; but as 
iiowarniu^fed, uiid by the treatment of the walls, a very pleasing 
effect is produced. We think this endeavour very praiseworthy; 
and thou£fh we may ditfer as to details, we think the examole well 
worthy of heiu^j: adtipted in msiny situations in the City, where the 
only unity is the c^irrespondence of square windows, and the only 
simplicity that of brick walls. 
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ARCHITECTURAL REMAINS OF THE ROMAN 
PROVINCES. 

On the Architectural Remains of the Eoman Provinte^. By 
Jamess Bell, Esq, — (Paper read at the Opening Meeting" of the 
Session 1850-51 of the Royal Institute of Briligh Architects.) 

Although the architectural remnins of Rome ami Italy m gene- 
ral have been thoronj^hly mvestigateil^ there i.^ reason to reflect 
that other parts of the extensive empire of the Mistretss of the 
World have not received the attention they deserve; and that 
while there is no doubt that a perfect and correct taste is only to 
be acquired by a study of the best works, it should not be forgot- 
ten that many remains of inferior artistic merit may yet present 
varietieg of form and idea deservinij of attentive consideration* 
The more complete our knowledge is of the wliole scope of ancient 
art, the more likely are we to be correct in attempting to realise a 
just conception of the original nature of the best works, many of 
which are now in so hopeless a state of ruin» The student, there- 
fore, might do well to add to his examination of the remains of the 
Eternal City itself, that of 6ome of the Roman provincial towns, 
which the want perhaps of a correct appreciation of the character 
of that people has hitherto caused to be, in great part, neglected. 

Nothing marks more strongly this character in the later ages of 
the Republic and during the rise of the Empire, than the method 
pursued by them in dealing with surrounding nations. They had 
no desire for allies and tributaries; their treaties were ludlow and 
treacherous, intended to be broken on the first opportunity, con- 
quest being their only aim, — not with the view of obtaining sub- 
jects, hut in order that each nation should in turn be incorporated 
with Rome, and form an integral part of the great empire. For 
this reason, submission was quickly rewarded with freedom and 
every Eoninn privilege, while resistance was punished to the last 
extremity. We should therefore naturally conclude, that evidence 
would be found in the monumental records of the provinces of 
Rome, of this identity with the mother country — and this we find 
to be the c^ise, Germany, France, Spain, Africa, Egj'pt, and 
Palestine, all contain specimens of greater or less magnificence and 
grandeur, many in a high state of preservation, and some possess- 
ing peculiarities of form, construction, and arrangement, which 
render them highly interesting and valuable, I shall endeavour to 
call attention to some of the most important of these monuments, 
and to show that correctly measured representations of them 
deserve a place on our shelves, by the side of the illustrated works 
by Stuart and Re vet t, and by Taylor and Cresy. 

Omitting all allusion at the present time to the underground 
remains which abound in this country and elsewhere, as well as 
to the roads and fortresses, which belong rather to engineer* 
ing than architecture, we need not go far to find some 
monuments of considenible importance. The Porta Nigra at 
Treves is a stupendous work — two towers, 90 German feet in 
height, and more than 30 feet in diameter, and decorated with 
four orders of columns, are united by a curtain, 55 feet in extent, 
and three stories high, in which are the two gates; excepting the 
lower story, the whole is also arcaded, This design of a gateway 
is unique, and it exceeds in dimensions any similar building else- 
where, Treves possesses also the remains of an amphitheatre, in 
which some peculiarities of the substructure are apparent, — ^ako 
those of a basilica; but next to the gate, the monument of Igel is 
the most curious, and may be compared with one of a similar 
description at St, Remi in the south of France* There was also 
a monument of a similar description at Arlon, but the ornaments 
were transported in the IGth century by the Count de Mansfeldt, 
to form part of a collection of antiquities long since dispersed r 
that of Igel was happily preserved from the same fate. Had these 
monuments attracted the attention they deserve, some better idea 
could now be given than a mere verbal description. It was one 
inevitable consequence of the Roman policy before des^cribed, that 
all remains of a former civilisation were inevitably obliterated, but 
there are strong reasons for supponing that this neigh bo urhm.*d was 
very far from being in a state of barbarism before the Roman con- 
quest. We may believe this without going back to the early 
foundation of Treves claimed by some historians. 

But it is in the south of France that we can more completely 
form a correct idea of a Roman province. This portion of France 
formed the province of Gallia Narbonensis, having been subdued 
from one to two centuries before the Christian era. Here the 
arches, gates^ temples, amphitheatres, and aqueducts, rival tliose 
of Rome itself, which possesses no temple of the kind so perfect 
as the Maison Carree, at Nismes* Thii edifice is a hexastyle pro* 



style temple of the Corinthian order, and originally stood in the 
centre of a forum, the extent of which has been traced by the 
bases of several of the columns found in »Uu* The Temple of 
Diana, as it is called, but which was in reality the Hall of the 
Baths, exhibits a beautiful arrangement of pilasters and niches in 
the interior, connected with a shrine in the centre of one end, of 
great elegance and originality. The amphitheatre, though smaller 
than the Coliseum, is in a fnr better state of preservation. This 
was built at the expense of Antoninus Piuss, whose ancestors came 
originally from Ni^mes^ and the Maison Carree was dedicated to 
his adopted sons, Lucius and Miircu^. It will be seen from the 
plan of the amphitheatre, that it is constructed somewhat differ- 
ently from the Coliseum. We can here study the preparations 
for the velarium; the arrangements of the seats, galleries^ and 
staircases. The podium round the interior is formed of single 
stones, 5 feet in height, to retain the water for the purposes of Uie 
naumachia. 

The antiquities of Aries consist of an amphitheatre, a theatre 
with two cidumns of the proscenium still standing; and innunie^ 
rable tombs and sarcophagi. Orange possesses a theatre of the 
most gigantic dimensions; the seats are cut out of the side of a 
hill, and the scene wall rises to a height of more than 100 feet by 
300 feet in length. Though the marble decorations are, as in 
many other instances, almost entirely gfme, it is still a most inte- 
resting relique. There are also several arches remaining^ of the 
hippodrome, and a beautiful triumphal arch in a very fair state of 
pretiervatiou. The ornaments have suffered from the singular 
purpose to which the building was appropriated by the Princes of 
Orange — when it was built into the Chateau, and the archway 
formed the principal mlk de receptimi. The portion of the Roman 
aqueduct, now called the Pont du Gard, is too well knowo to 
require a detailed desariptiun. 

The monopteral monument at St. Remi is of most beautifid 
design and proportions, and well deserves study as a model of this 
description of edifice. The gates of Nismes, llesan^^'on. Sens, and 
Saintes, between La Rochelle and Bordeaux; the amphitheatre, 
aqueduct, and the Porte Dorce at Frejns, the birth-place of 
Agricola; the arches at St. Remi and Carpentras; the bridge and 
arches at St. Chumas, between Aries and Marseilles; and the 
innumerable fragments collected in the museums of Niisnies, Arlea, 
Avignon, Narbtinne, and Toulouse, offer to the student who wishes 
to become acquainted with Roman art in the time of the Antoninei, 
the strongest temptations to be found within the range of a 
summer excursion, 

Spain offert^ an example no less striking of the peculiar character 
and vicissitudes cif a Roman province. All vestiges of early 
civilisatiun previous to its subjugation are gone, and Id iti 
place we find most extensive remains of Roman enterprise and 
constructive skiU, of which it is much to be desired that we pos- 
sessed more detailed and illustrated descriptions than those wbi<i 
are at present within our reach. We learn, however, from the 
hand-buok, that there is a Roman bridge at Merida,*2375 feet long^ 
besides numerous antiquities, among which is a peripteral temple. 
At Alcafitara is a bridge of Trajan, 600 feet long, and ^i^ teeC 
above the usual level i>t the river. At La Barc^ five arches remain 
of a Roman bridge; the same at Capara; at Toledo there is a 
temple; near Tarragona a superb aqueduct, and a monument 
called the tomb of the Scipios, and at begovia an aqueduct, 25(X) 
feet long. 

Passing now to Africa, we ^uA that the same destruction of pre- 
vious evidences of civilisation took place here as in other colome*. 
All that remains of Punic Carthage are a few inscriptions occ^ 
fiionaJly dug up : everything else is Rman, The best illustrationf 
we have of these ruins are contained in two volumes of drawings 
by Bruce the African traveller, which are now in the royal collec- 
tion at Windsia-, Besides the usual amount of triumphal arches, 
some of which are of furnm not elaewlierc met with, there are 
other buildings of an unusual description. Of the first class is one 
large square inclosure at Suffetala, entered by a large triumphal 
arch, and containing three Corinthian tetrastyle temples connected 
together. At Lambesa a building, something in the form of a 
basilica, now roofless, entered on each of the four sides by a burge 
centre arch, with two small ones fianking it; two orders of engmged 
columns, with broken entablatures, forming the exterior decora* 
tion. At Thisdrus, a very fine amphitheatre, approaching the Coli- 
seum in size, and even surpassing it in state \A preservation. At 
IVipoli, an arch of the time of the Antonines. Considering tht 
I'yrenaica as a Greek colony rather than a Roman urovince, wt 
may omit a detailed description of the remains^ which, we are in' 
formed by Captain Beechey, consist of scuJpture of the best style, 
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with tomba, pavementa, theatres, amphitheatres, and city walls, 
. very perfect. Greece and her colonies, tis well aa Egypt, formed 
Dme exceptions to the nsmd routine of Roman conquest — Grecian 
ivilisation acquired the respect even of the iraperioua Roman, 
ad severity wits only exercised towardit the Grecian race, when 
provoked by imprudent resistance. Eg"ypt also wisely submitted 
-Ptolemy bequeathed his kingdom as a legacy to the R^jman 
epublic, but the Egyptians kept aloof as much as possible from 
tome; and while they avoided disputes, they equally renounced a 
purticipation in the honours of a close connection with the people 
rho had overthrown the empire of the Pharonhts and it is not till 
ihe third century of our era, that we find natives of E^pt ac- 
cepting office under the empire, ^Ve may thus account for finding 
remains of Grecian civilisation in Cyrene, and of Egyptian archi- 
tecture in Egypt; while all vestiges of Punic civiliiiation are lost, 
both on the African continent and in the Spanish peninsula. 

Turning our attention next to Egypt, we find in the remains of 
Antinoe very curious and interesting examples of Roman art At 
Alexandria many fragments are constantly being brought to light, 
and used in works now in progress ; and Pompev's pillar has been 
made familiar to us, both by pen and pencil. Abd-al-Latif, an Arabian 
physician of the time of Saladin, says, in bis description of Egypt, 
that he had himself seen on the coast more than four hundred 
columns broken in two or three pieces, of which the material waa 
the same as this column, and which appear to have been from one- 
fourth to one-third the size. He adtfs that he could see by the 
1 frag-ments, that they had originally been covered with a roof. The 
trarj^ator states that this explains the origin of the Arabic name 
for the ccilumn — Amoud Alsawari, or the pillar of the colonnade ; 
provioi,*^ that it was originally placed in the centre of a forum, in 
the manner of that of Trajan at Rome. Denon g-ives a sketch of 
a column at the ancient Oxyrinchus^ which appears of a colossal 
proportion, and with the remains of the architrave still existing 
on the capital ; but the chapter in which we are led to expect the 
description gives us no dimensions. 

The remains of Petra in Idumssa have been familiarised to us 
by the labours of Roberts and Labordo ; but apart from their 
value AS examples of a peculiar style, it is a subject of much in- 
terest to have a satisfactory elucidation of their date and of their 
history, in obtaining which careful search for inscriptions on the 
upot might no duutt materially assist. It is to Palestine, how- 
ever, that we mu«t ItHjk for a rich harvest of Roman architecture, 
in a field as yet almost untrodden by architects. Baalbec and 
Palmyra, the most important of its cities, have be^n to a certain 
extent investigated; but Palestine abountls with other Roman 
-remains, which have been hardly sketched, much less measured 
'and correctly delineated. At Antioch we find triumphal arches. 
At Missema, the remains of a small but beautiful hexastyle Doric 
temple, the interior decorated with four Corinthian columns. At 
Eira, the ancient Zarava, the ruins occupy a space of three or 
ifour miles in circumference; among others a large quadrangular 
edifice with thirteen rows of arches^ five in each row; and in every 
part of the town Greek inscriptions. At Amyouan, between 
Beyront and Tripoli, is a tetrastyle Ionic temple, adorned with 
Hen sculptures. Gerash appears to be <me of tne cities most fer- 
tile in architectural remains in this district, next to B^talbec and 
Falrayra. Among other objects is a temple near the gate, and 
facing it a large semicircular colonnade of the Ionic order, most 
of which, with the entablature, is still standing; the centre of this, 
exactly opposite the portico of the temple, opens upon the prin- 
cipal street of the city^ also flanked by cohmnacles, and above a 
mile in length. There is also a large peripteral temple of the 
Corinthian order, surrounded by a double colonnade of smaller 
columns, in the manTter of the temple of Venus at Rome. 

At Damascus there is a fragment which has been already brought 
before the notice of the Institute, There are many others of 
which professional descriptions are wanting. The history of 
Baalbec and Palmyra is involved in much obscurity; and yet, 
architecturally speaking, these cities, with Petra, are among the 
most wonderful and interesting in the world. Petra for its extra- 
ordinary situation and character; Baalbec for the beauty of its 
style, and Pulmyra for the uniHiualled extent of its reniainw. 

In Asia Minor, notwithstanding the labours of recent travellers, 
what remains to be done in the investigation of ancient remains 
far exceeds what has been aiready accompiished. Some notice of 
the remains of Teimessiis have been already brought liefure the 
Institute; but in Caramnnia there exist some valuable remains of 
other cities; among others, those of Side, The walls are in some 
places perfect, and oifer a curious example of ancient fortification, 
besidcM the usual accompaniments of an ancient city. There are 



some interesting antiqiiitie« at Cacamo. A bath with piera sup- 
porting a vadted rocjf of considerable space; and a granary built 
by Adrian or Trajan. It appears to have been customary to 
erect public granaries along the lines of the main roads for the 
supply of the troops on their march. 

It IS needless to dwell on tlie Roman works at Constantinople — 
the aqueducts and cisterns have been often sketched but never 
measurecL In Romaida and other parts of the North of Turkey 
in Europe, as well as in Dalmatla and Istria, and wherever the 
Roman «wav extended, monuments of more or less interest are to 
be found, tlie number of which might no doubt be increased by 
further investigation and research. 

Mernarhf.'-The CuAiawAN observed, that Mr. Bell had opened a 
wide and interesting field, and many present bad no doubt tra- 
versed some of the ground be tiad been over, and might be able to 
add some further interest to his remarks. It occurred to him (Mr. 
Fowler) to mention as an instance, that the road near C'audebec, 
in Normandy, passes through the remains of a Roman theatre or 
amphitheatre, having circular arcades. He had not seen aiiy 
notice of these remains, 

Mr. TiTK, Fellow— explained that they are situated at Lillebonne, 
anciently Juliobona, and are intersected by the old road from 
Havre to Rouen. There is in the same town a remarkably fine 
church of the Decorated period, of which he could not find a view 
or plan in any of the illustrated works on France. The members 
were much indebted to Mr, Bell for the pains and research exhi* 
hited in the paper just read, Mr, Tite had no doubt that much 
might be learnt of ancient art, mt of Rome; but at the present 
day, we learn nothing of Roman architecture, either in Rome or 
out of it. Nothing htit mediaeval arcbiteeture seems now to he 
the fashion, a circumstance which must be a matter of regret to 
all who have studied in earlier days a style which he considered 
infinitely better adapted to modern times and purposes. He would 
venture to say how necessary and essential he held it to be, that a 
young architect should study the remains of Greece and Rome. 
Medieval art would no doubt afford useful tirinciples of design 
and construction, but he could not conceive that a good architect 
could regard bis studies as complete, without a distinct investiga- 
tion of the principles of Greek and Roman art. We are too for- 
getful of those principles in the present day, and therefore he the 
more valued the efi"orts made by the author of the paper just read; 
particularly as showing bow much may be learnt in connect ion 
with Roman architecture out of Rome itself. With regard to 
Roman architecture in Spain, a work written in Spanish, by Pons, 
may be considered to contain an excellent account t*f the Roman 
remains in that country. It was printed in eight or nine small 
duiidecimo volumes, about the and of the last century, Mr. Tite 
then moved a vole of thanks to Mr. Bell. 

Mr. DoxAUisuN, Hon. Sec. For. Corr., observed, in reference to 
the introductory part of Mr. Bell's paper, that we should not sujt- 
pose that the Romans were employed solely in conquest, and not 
in diJTusing a knowledge of the arts, because it must be well known 
that a great civilising spirit existed in them, and that wherever 
their conquests extended, they endeavoured to introduce good 
forms of government and municipal institutions. They expended 
large sums in the erection of monumental edifices in their pro- 
vinces, even in England itself; and it must be a matter of regret 
that we have not a work worthy of being cited as ^Vnglia Romana,' 
posset5.sing as we do, a gieat number of buildings worthy to be 
recorded. If we had such a work, well illustrjited, in the style 
which our works on medieval art display, we should bring to light 
a number of interesting facts. Indeed, it ought to be a national 
work, promoted by the government. With respect to the monu- 
ments at Petra, he thought, from looking at the engravings that 
have appeared, that they j^resent no evidence of Gieek art at all, 
and that they must have been erected during the Roman dominion, 
in the time perhaps of the Antouines. With resjiect to the cities 
on the coasts of Asia Minor, reference may he made to the letters 
of Pliny, which recite the great number of buildings erected there 
under the Roman empire. U had occurred to him that all the 
buildings erected by the Romans out of Italy, are of a much lower 
class of art than those in Italy itself, and thev are apparently of a 
later period, and have nut the refinement of the Italian specimens. 
Mr. ScoLiis, Hon. Sec, mentioned that it had been ascertained 
that the column of Pompey at Alexandria, had been originally an 
obelisk, which the Romans bad rounded and converted into a 
column ; this becanie apparent on making some excavations under- 
neath, when the hieroglyphics were discovered. 

Mr, Tite, Fellow, said that xMr. Barry had made during his 
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travels a correct plaa and a collection of aketches of the roost 
accurate ktnd^ of the ruins of Geraah and other neighbouring citieii, 
which he had closely investigated* 

Mr, G. GoDwiK, Fellow, called attention to the ezcavationi !a 
progrress at the Roman castrum, at Lymne in Kent, where, for 
want of funds, a Pompeii doae at home is entombed^ which might 
be opened for the satisfaction and instruction of all England 

Mr. C, H. Smith, Visitor, expressed his doubts as to the accuracy 
of the details and ornament given in the large works, under the 
names of Dawkins and Wood, though the measurements might 
possibly be correct, lie had seen the onginiil sketches some years 
ago, and observed that many of them were very slight, and that the 
drawings taken from them for the engraver, were made up in the 
style of ornament then in vogue, rather than in the spirit of the 
originals. 

Mr. ScoLEs, Hon, Sec., obser\*ed, when he was at Baalbec he had 
not that work with him, but his impression of the originals was, 
thai thev were e<]|ual^ if not superior^ to the finest specimens he had 
teen in Kome ; the ornaments were elaboratelv and finely executed, 
and the Corinthian porticoes in his opinion wliere the finest in the 
world. 

The Chaibman, in announcing the vote of thanks, eipressed his 
regret that Mr. Bell had not divided his ample and ioteresting 
subject into two papers, instead of condensing tt, in order to bring 
it within the scope of one evenings proceedings. He then made 
some remarks in allusion to the Palace of Diocletian at Spalatro^ 
which, judtfinff from the remains as illustrated in the work published 
by Adam, had evidently been erected after the decline of art in 
the Roman Empire, and which, though designated as a palace, w&a 
in paint of fact, intended for a fortress. 



NATIONAL PROVINCIAL BANK OF ENGLAND, 
BARLINGTON. 

Those who look back to the last century will find, that whatever 
opportunities it afforded the architect for great monuments, it was 
far from yielding the same scope in street architecture as now. 
Churches, chapels, and mansions there were then, as now; but we 
are much better off with the banks^ clubs, assurance offices, 
colleges and schools, not to speak of county courts, and many 
more classes of public buildings. 

The subject we now give is not one of the more ambitious of its 
clasii, but is a very good example of the application of moderate 
resources. It is the building occupied by the Branch of that large 
company, the National Provincial Bank of England, in the re- 
spectable town of Darlington, and in which there are now two 
juint-stock banks. It is situated on the High Row, in a very con- 
spicuous part of the town, facing the principal approach from the 
York, Newcastle, and Berwick Railway Station. 
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£]f TtiioD of t^t Top Oomlee of th* Front. 

The design for this structure was entrusted to Mr. J, Middleton, 
an architect practising in Darlington; and we are happy to have 
the opportunity of giving this proof of his successful application. 
The site in, it will be seen, narrow, and the means at Mr. Middle- 



ton's disposal small; but by careful diirposition and study, he hag 
produced a building which, without pretension, is effective, and 
which it is none the less pleasing is completed within the esti- 
mate. We are very fond of columns when properly applied, bat we 
are much better pleased in a composition of this kind to see that their 
employment is not attempted. It too often happens that stereotyped 
oolumns and pilasters are stuck on, by their ostentation to hide the 
architect's poverty of labour and resource; whereas;, when such 
adventitious aid is rejected, there is always the hope of careful 
treatment. This, we consider, has been the result in Mr. Middle- 
ton's case, as the Elevation will show, and the details of aome of 
which we have given engravings. 




•eelioo of the Top Coroiea •! tb« Fraat. 

The management of the ground-floor is very good, and hf 
attending to the breakings of the joints, the line of compoaitioii Is 
carried up to the first-floor windows. 

The treatment of the cornice, without being expensive. i« rie*; 
and the boldness of the proportion affords shadow and relie£. Tha 
finish of the middle range of windows is likewise in good keepii^. 
Whether the masques on the ground-fioor keystones might not 
have been supplanted by emblems more significative* we heave U> 
the architect to settle. Some local or commercial oiaociatiim 
might have bad its meaning expressed. 




r 



rr 



I 



f 



9«etloo OIMI ElrTtdoo of Oomlcft to thw Ftm.floof Wlndwww 

The building is of stone from the neighbourhood, and waa 
erected this year. The internal arrangements afibrd the usual 
accommodHtions of a banking establishment, atid for the domestic 
reqairements of the resident and manager, Mr, M^Lachlaxu 
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DEVELOPMENT OF GEOMETRICAL TRACERY, 

On the Dtfiielopnienl qf Gwmetrieal Tra^jery, By the Rev. G. A. 
PoaLB. — (Taper read at a meeting of the Archilecturiil Society 
of the Arcbdearonry of Northamptorx ) 

It is sometimes ohjected to on© who complAint of a defect in 
any system of which he is treating, that he ought to produce a 
remedy for this defect. Thia, as a general proposition, would lie 
at once rejected by every one, and yet, perhapa, every one is alike 
ready to apply it to those whom he does not affect, or of wbo«e 
treatment of a Buhject he does not approve. And thia, at least, 
mu^t be admitted, that one who profefises that he has seen the evil 
]J4 not the last from whom the remedy may be expected. And 
having again and again felt, and professed to have felt, the incon- 
venience of the arrangement of Hickman, and of every architec- 
tural claasi 6 cation, where the style which intervenes between the 
Early English and the fully-developed Decorated is concerned, I 
ahall now endeavour to justify my complaints, and to prove that 
there is such a generic difference between that style and the Early 
Knglrsh and Decorated, on either hand, that it ought to have a 
distinct place in an architectural system and a distinct name in 
architectural nomenclature. 

It is at once apparent that the itylee of Gothic architecture are 
arranged very murh with reference to the character of the windows* 
Right or wrong this is the caae; and right it certainly is in the 
sense of being obvious and convenient; though it might perhaps 
have been expected that some more organic part of the structure 
might have afforded the eharaeteri sties of style. It should be 
considered, however, that the divisions of Gothic architecture are 
but Bub-sections, or species; not kingdoms or genera. They are 
not analogous with the divisions of animals into vertebrate and 
mollu8cou8, far this is parallel with the primary division of archi- 
tecture into that of the arch and of the entablature. These grand 
divisions, then, being based on organic differences, it does not 
seem incongruous that the minor features of a building — even, if 
neceitsary, features far inferior in use and in powers of expression, 
to the window — should afford the differentials of genera and 
species* 

The great point is, that the differences be constant and tangible; 
but here is the difficulty. There are facilities and difhculties in 
all systems, and in al! parts of syatems. It is easy to sepanite. In 
genera], between a plant and an animal; it is easy to define the 
difference between toe architecture of the arch and of the entab- 
lature; but there is a debateahle province in both cases; in archi- 
tecture the whole class of Romanesque buildings; in Zoology the 
countless species of zoophytes. Again, it may be as easy to dis* 
tingujsh, in general, between Decorated and Perpendicular as 
between a beast and a bird; but the buildings are countless which 
have as many of the charactei-s of each style as the ornithorynchus 
has of the mole and of the duck. 1 wisli this to be distinctly 
borne in mind all along, lest I should seem to fail in establisshing 
a distinction; whereas, it is the very condition of all such distinc- 
tions that they shall have their vanishing point, not to the eye 
only, as where the nky seems to meet the earth at the horbon, but 
in the very nature of things. 

And now what do we see, if we follow the forms of windows 
during the last half of the thirteenth and the first half of the 
fourteenth century? We see them graduallir deserting the nar- 
rowness and simplicity of the lancet form, till, at last, they have 
arrived at a great variety and complexity, involving proportionate 
width of opening and the subordination of many parts. We see, 
in a word, a wide opening filled with mullions and tracery. And 
this tracery is composed, at first, of geometrical figures, following 
certain laws, and afterwards of hgures no longer geometrical, and, 
though not without law, yet of that free flowing contour, which 
looks at lenst without restraint. Now, I think you will agree with 
me, that the first change and the last — the change from Early 
English to Geometrical, and the change from Geometrical to 
Flowing Decurated — both demand to be treated as the differentiaJs 
of a style; the first, that is the mere introduction of tracery, as 
being, so far as windows are concerned, more important than the 
difference between Norman and Early English; the latter, the 
change of the laws which govern the formation of tracery, as 
being at least as important as any difference which separates l*er- 
pendicular from Deci>rated. In other words, Geometrical is more 
unlike Early English than Early English is unlike Norman; and 
so, ex abundauti^ Geometrical and Early English shnuld he sepa- 
rated; and, again. Geometrical is as unlike Flowing Decorated as 
Flowing Decorated is unlike Perpendicular; and, therefore, i£ 



the two latter should be distinguished, to also should the two 

former. 

And yet, the Geometrical is almost always treated as transitional 
(which, indeed, every stvle but the first and last mu;st be, in some 
sense; but I me.an that this is m treated as transitional, as if it bad 
no claim to a name and station of its own); it gets do better title 
than Late Early English, or Early Decorated, as the ease may be; 
the term Geometrical being only adjected to the generic term De- 
corated, as marking, not a genus, but a variety. If this had no prac- 
tical result, it would be little worth contending about; but I believe 
that it really does result in the too great neglect of this style, a« 
a modeU and^ at the leaat, a point of departure for modern prac> 
tice. A style which deserves, but does not obtain, a substantive 
position^ is sure to be defrauded of more substantial proofs of the 
estimation in which it ought to he held. 

It is not my intention to enter at length on the process by which 
tracery was graduailv^ evolved from the juxtaposition and grouping 
of several lancets. Vhis has been done often enough, f assume 
that you are all well acquainted with it, and commence from the 
time at which TVocerv, properly so called, was freely used; from 
the time, that is, when the portions of wall which separated Ian* 
cets were attenuated and moulded into muUions, and when the 
piercings of window heads had left no portion of intervening 
stone-work of greater breadth than the interlacing of two equJ 
tracery bars required. 

And now imagine yourselves walking round some great minster 
at night, when the interior is Lighted* I know no better way of 
coming at the effect of the windows taken apart from the re^t of the 
fabric. Let the nave and south transept be Early English, but 
let the choir have been built towards the end of the 13th century, 
and, consequently, with windows tilled with Geometric^ traceiy. 
As you turn the corner of the transept and get the first glimpse 
of the Geometrical choir, you feel yourself carried into a new age 
of design and of construction. But the north transept is Flowing 
Decorated, or Perpendicular, I care not which. As you leave the 
choir, and get a sight ui this portion, there are difference^ indeed, 
plain enough, even though the windows only are visible, but they 
are as nothing compared with the difference between the nave and 
the choir. Or, in other words, the difference between two kinds of 
tracery is as nothing compared with the difference between tr&cerj 
and no tracery. 

But, say some, the only appreciable differences are those of the 
windows. First, for argument sake, I grant it; but I have shown 
why differences in the windows may very well become differentialg 
of style. But, secondly, in truth, I deny it. I deny that there 
are no differences of characteristic details between the Late Early 
English and the Geometrical, and between the Geometrical and 
the Early Decorated, And I deny this the more emphaticallv. 
because 1 shall not. now stay to puiul out the differences: I shall 
merely ask you to take my word for it, that they run through every 
part of the structure, in composition, in detail, in decoration, even 
in construction — the latter, indeed, being demanded by the change 
in a matter of so great mechanical importance as the relative pro- 
portions of the windows, which, you will remember, are arched 
piercings of the outer walls, of no small relative magnitude. 

But, at present, 1 confine myself wholly to the windows, and 
even yet more exclusively to the tracery, omitting even to notice 
cusping, the natural cc»rrelative of tracery, except where it fol- 
lows the same laws as the tracery, which, in the Geometrical style, 
and in that alone, it often does— so much so indeed that a drawing 
of the tracery of one window may be converted into that of thft 
cusuing of another, only by altering the scale. 

The first impression conveyed by a Geometrical window and 
a Flowing Decorated window side by side, ifi, that while the 
former is obviously drawn wholly with the compasses, the latter 
seems at least to be drawn in some degree iihvra manu. Perhaps 
this impression, so far as the Flowing Decorated is concerned, ia 
hardly correct; hut you will presently see that it results from cef« 
lain appreciable causes, and indicates a real differenre of prin- 
ciple in design. Take the simple Geometrical and an equally simple 
flowing two-light window. 1 he eye at once detects the use of the 
compasses in the one, and the yary centres from which the cun^et 
are struck; in the other no single curve is sufficiently simple to be 
referred, except with conssideriible effort, to its centre or centres; 
it seems, indeed, to be drawn without any mechanical aid. Take 
more complex arrangement, and still the ^{tme chnracter is found 
carried out through 3, 4, 5, H^ 7, 8, li^lats. This alone, as it 
seems to me, is eufhcient to demand a separation of the two styles; 
for in speaking of design^ this very fact, that the designer is put 
into BO different an attitude as that of one who is limited wholly 
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to g-eometrical forms, and of another who allows himaelf^ or fleems 
to allow himself the license iilniost of a sketch, ia surely enough 
to separate hetween thenri. 

But the free hand of the later designer had ila rules too, and 
ihij^e rulen were apposite to those of his predecessors, and thia is 
really the differential which 1 shall propoae. In designing a Geo- 
metrical window, the architect adhered to true circlei*, or parts of 
triLe circles, never flowing off into another curve struck from an- 
other centre* The ogee was unknown* Cusps, — hesides a charac- 
teristic so remarknble that I must refer to it, though parentheti- 
cally (besides their being iet into Um soffit^ instead of neinp taken 
<ntt oftJie chamfer — besides this, cusps) were of circles, or parts of 
circlea, struck from circles within the greater circle, independent 
0f on* another, but with absolute dependence on the centre of the 
first circle; these points were cut off by another circle, concentric 
with the first, or that which circumscribed the whole figure. 
Hence a transparency of purpoRe and a precision of effect in this 
style never afterwardu attained. All is complete in itself; and 
each member perfect, either as a part or as a whole — a character 
which Frofes&or WheweU abundantly recognises when he calls the 
Geometrical Complete Gothic. 

It mui^t be confessed^ however, that something of sameness and 
of restraint resulted from the us*» of the compasses, restricted by 
go narrow laws. This was remedied in a subsequent development 
of the same style, which let in far greater variety; sometimes 
amounting almost to license, and yet 1 think not quite. Indeed, 
though the forms on which 1 am about to touch must have often 
struck lis with surprise and pleasure, I think they have never yet 
been fully appreciated. Mr. Sharpe, in his work on *- Decorated 
Tracery,' alludes to them thus equivocally: ^*^TowardB the close of 
the Oeometrical period there occurred Bome attempts at originality 
in the designs of window tracery. Becoming apparently dissatis- 
fied with the extreme formality of the usual geometrical forms, 
several fanciful e-xperiments were tried by the builders of this 
period, which, without betraying any symptoms of impending 
change, present-sunder forms which may Btill be termed Geome- 
tric^— very little similarity in their general outline to the (former) 
examples/' Now thii* variety, which Mr. Sharpe seems to consider 
purely fanciful in effect and abnormal in structure, 1 shall endea- 
vour to reduce to certain rules, and to elevate, by consequence, to 
a higher rank, 

I admit that it is an escape from a certain very stringent law ; 
but look at the result, and you will be pre-disposed to find in it a 
recognised rule of its own. In its effect it amounts to a sort of 
facet iou tin ess of det^igti; a joxtapoisition of curiously associated 
and highly contrasted parts, but yet, without ever losing its pre- 
cision; so that playfulness and repose are combined in it, just as 
they are in the mo«t irregistible kinds of wit. Every thing is 
trenchant, piquant, scintillating, yet still retaining the very 
strongest expression of precision and reitnue^ 

And how is this point gained? By the interlacing of two 
figures — ^to speak in general terms — similar, that is, each a square 
or triangle for instance, but of exactly opposite texture, one 
being composed of parts of circles struck from within, the other 
of parts of circles struck from without, the resulting figure 
(whereas, before, all were struck from within), which distinguishes 
this from the former variety of the Geometrical style: and yet 
they still continue always to cut, never to fiow into one another, 
which distinguishes this from the Flowing Decorated* Here is, 
for instance, a trefoil from Beaumaris thus treated, and a square 
from Great Bedwyn, to which last example I shall recur presently. 
And there is, again, the same resemblance between tracery and 
cusping here, as in the earlier Geometric; — ^what is tracerv at 
Beaumaris being cusping at Stoke I>ry; what is cusping at Can- 
terbury being tracery at Great Bedwyn. Now you will observe 
how these figures are formed — the pointed figure by curves from 
centres without, the rounded by curves from centres within the 
figure. And, as for the result, if I could stand with you before 
the windows, I should at once ask, and be certain of the answer — 
are they not riant and fanciful, yet still self-possessed and perfectly 
balanced? 

That the fascinations of thia new method should lead to license, 
cannot excite surprise. It must have done so to a vicious extent 
had the compasses ever fallen from the hands of the designer; but 
with this guarantee of precision. Fancy might almost disport her- 
self at will 1 have, however, already alluded to an instance in 
which she did a little overstep the bounds of sobriety. At Great 
Bedwyn, you have subsidiary tracery breaking in upon the gravitv 
of a principal muUion, like Folly attempting to discourse with 
Reason in one of Moore's melodies* I do not think Beauty can be 



offended at the result, but Order may, and it has certainly a revo- 
lutionary aspect. 

And, in fact, a revolution is not only at hand, but it is clearly 
indicated, notwithstanding Mr. Sharpe's remark that no symptom 
is betrayed of the approaching change. We have already drawn 
circles from centres sometimes within and sometimes without the 
resulting figure; presently we sliall not only do this but jiUt^ let 
those circles glide into one another, so as to form complex curves*, 
and we shall have the flowing tracery of the fully-developed 
Decorated . 

But, before we do this, let tib attempt to assign names to the 
two kinds of Geometric tracery with which we have already formed 
acquaintance. 

For the generic term, or that including the whole of that tracery 
which is formed of circles, or parts of circles, secants and tangents 
of one another, but never flowing into one another, we cannot 
hesitate in taking that coromoniv in use — i.e. Geometric, To 
supply names for its two sub^di visions is not so easy. It is no%v 
some six months past that I endeavoured to do this, in an article 
in the Archt^filogicai Joumui^ where 1 ventured to suggest the 
terms Concentric and Excentric, to express the opposite chiiracters 
of the two divisions. The first, you will observe, is of patterns 
formed of circles, or parts of circles, all the centres of which are 
within the resulting figure; and, as the figures are all uniform, 
even the subordinate parts must be repeated with the same neces- 
sary relation to the general centre. Thus, in a circle enclosing 
six other circles, grouped around a seventh (as at Grantliam), the 
centre of the seventh is the same as the centre of the containing 
circle, and the centres of the aix others all lie in the circumference 
of another circle drawn from the same general centre. All form 
one system, hound by a sort of centripetal force to one centre* 
The term CoNcKNTnic is, therefore, at least intelligible, as applied 
to this variety of Geometrical tracery. 

The other variety is formed by a combination of curves, some of 
which are struck from centres without the resulting figures ; and, 
if the window is sufficiently complex, these other centres frill 
within other patterns in the same window, giving, by a centrifugjil 
influence, to the curves to which they belong, a place in another 
system with another centre. And the term ExcfiNtaio seems suf- 
ficiently appropriate to this development of tracery — to this group 
of architectural comets. We have, therefore, Geometric for the 
whole &tyle, and Concerttric and Excentric for its two varieties. 

And now we return to description, and to the successive changes 
of tracery, which we left on the verge of a revolution. 

The use of figures composed of parts of circles, some within 
and some without the resulting figures, had commenced; and this 
had also the effect of giving to several figures a reciprocal interest 
*n the parts of each other. And this which was partially effected 
in the Excentric Geometrical, is fully attained in the Flowing 
Decorated, where the curves run into one another, and each line 
becomes a part of the boundary of two figures, of one without, of 
another within, the influence of its own centre. 

There are one or two curious results from this* 

In the first place, the great variety and the double importftnce 
of the lines of the tracery tend to make these the principal object 
of attention, and whereas before the lines were used to form the 
lights, now the lights are made to adapt themselves to the lines — 
a manifest lowering of principle, since mullions are clearly for 
windows^ and not windows for mullions* 

Secondly, there is a great tendency to sacrifice apparent security 
to grace of form. Some Flowing Decorated windows look as if 
they could not stand without the influence of the window arch, as 
if tne parts were unequally balanced, and a disproportionate 
weight was laid upon the feeblest part of the feeble curve* This 
never happens in a Geometrical window. 

Thirdly, the patterns are enabled, by accommodating curvatures, 
to run into every corner of the space to be filled, and the intersti- 
tial spaces, which in Concentric tracery are generally triangJen, 
and in £xcentric tracery are multiform, either entirely disappear 
or are made so large as to have their own part in the composition 
and their own cusping. This is, I think, the only decided advan- 
tage which the Flowing has over the Geometrical style, and this is 
too dearly purchased. 

I do not propose to carry my remarks into the subdivisions ot 
Flowing tracery; and I shall therefore be content with giving you 
one type of it, the common reticulated tracery, which exemplifies 
almost all that 1 have said. Here parts of circles, drawn alter- 
nately from within and from without the figures which they form, 
compM>se the whole of the design; each curve is a part of two 
figures, and the spaces left by the tracery appear only at the 




984 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



window arch, wbere the pattern is as arbitmrily cut off as a piece 
of damask could be with the scissors of the mercer'ia apprentice. 

One objection will be made to all that I have advanced. There 
are eases where my definitions and descriptions will not abso- 
lutely hold. In the window of Great Bedwyn, for instance, there 
are several og-ees. In the east window of Market llarboroug-h-j 
parts of the desi^ are Geometrical, part Flowing Decorated; and 
80 of many other cases. This is very true. But remember that 
we a^eed, awhile ago, that this must always he so, and indeed^ it 
is the case equally with Dec<irated and Perpendicular, and with all 
the styles. In Kirkslall^ Fountains, and Build was, what would be 
called Norman, if seen alone^ actually uccurs over what would be 
called Early English. lit Patrin^lon.^ York Mh ire, the east window 
is pure Perpendicular, all the rest is Decorated. In many other 
churches we have windows which cannot be historically separated^ 
yet which cannot architecturally be classed togetber. Tnese are 
difficulties which occur now and then, and nmst occur. Yet they 
do not render it less necessary to call this or that buildin/af as a 
whole, Norman or Early Eng-lish, Decorated or Perpendicular, I 
only claim for the Geometric style the same indulgence. 

J>irectly or by inference 1 find others agreeini^ with me in 
demanding that the Geometrical shall be acknowledg'ed as an- 
other style. Mr. Sharpe, for instance, in his work on *" Decorated 
Window Tracery* (to which I cannot allude withuut adding a word 
of very high commendation,) havinif defined the difference between 
the windows in what used to be called Early and Late Decorated, 
adds, *' We have only to carry our inquiries a step further in 
order to satisfy ourselves that these points of difference are not 
confined to the windows alone, but extend also to the building to 
which these windows respectively belong; and, having arrived at 
this point, we shall not be long in coming to the conclusion that 
there exists a large and important class of buildings, characterised 
by the Geometrical farms of their window tracery, which has 
hitherto been treated as belongiOii^ partly to the Early English and 
partly to the Decorated style, but which is, in reality, distinct 
from both, and pre-eminently entitled, from the number and beauty 
of its examples, to separate classification.*' 

I had hoped, indeed, that before this Mr. Sharpe would have 
published, with ample illustrati<ms, his own arrangement and 
nomenclature. In what 1 say now I would rather be considered 
his pioneer than as having any substantive importance of my 
own. Some time pa.^ I stated my views to him on this subject, 
and found that his were already in a far more pruduceable shape, 
and I doubt not that he will soon formally claim the title Geo- 
metrical, not only for a certain character of window tracery, but 
for the style of architecture in which it is found. 

Again, I find that Mr. Freeman, in his 'History of Architecture,' 
where he divides all Gothic architecture ijito two great classes. 
Discontinuous and Continuous, actually places his one broad line 
of demarcation where, at present, all distinction Is sometimet 
denied, between Geometrical and Flowing Decorated, 

Finally, Mr, Scott, in his * Piea for the faithful Restoration of 
our ancient Churches,' a work which is of great interest to the 
people of Northampton, since the restoration of St. Peter's church 
IS committed to him, and which has few competituf s in general im- 
portance, claims not only a place, but the highest place, for the 
Geometrical style. But what he says is too long to be transcribed 
at length, and too important to be retrenched, 1 must, therefore, 
refer you to his chapter On the Ckmee of a A^yfe jfor present 
Adopthn. 

I am not very favourably situated for reference to books here, 
therefore, my appeal to the judgment of others closes; but not with- 
out a formal assertion of the principal objects of my paper. Let 
us uphold the right of the Geometrical to a placen, and that the 
highest place, among the distinct styles of Gothic architecture. 

I fear that the method of my discourse has not tended to jiro- 
duce the impression that 1 have been wandering with you along 
one of the most flowery paths of architecture; and yet this is 
really the case. But vou must remember that 1 have been playing 
the part, not of the florist, but of the botanist, who is, in com- 
parison, a very dull sort of fellow. Nowhere is thk nKAUTiPrr*, 
For its own sake, more visibly the object of the architect than in 
the disengaging of tracery, and nowhere has that object been 
more hapjiily attained. Here he works, to borrow an expression 
of Ruskin'sj as if he was happy as he worked; and we follow him 
in his task with aji ever-growing interest, and look deliglited on 
each successive form and character which he evokes from his stub- 
born materials. Tlie first germ, hidden from all eyes but those 
who watch for spring with the impatience i;yi love — the swelling 
bud, veiling yet promising countless forms and hues of beauty — 



the bursting flower, compact yet fuU, glowing yet half coy in con- 
scious loveliness, and all the sweeter for its coyness and reserve — 
the leaves expanding with a new vigour, crisped with life yet still 
crumpled with the kindly compression from which they are escap- 
Ing^the bright smooth petals of the wide-spread flower, tremu- 
lous with exultation, and but too ready to fall in their redundftot 
beauty, when Winter, envioua or too rigidly severe, lays his icy 
hand upon them lest they should become wanton in their exuber- 
ance — such, almost, are the forms which we have now reviewed in 
their order and their destiny. We have seen the first germ of 
tracery hiding countless beauties. We have seen it expanding, 
but yet under the most severe restraint, in the first or Concentric 
tracery. We have seen it put forth more fantastic forms — let me 
repeat the very words, the crisped and crumpled forms — of the 
Excentric or Later Geometrical; and^ finally, we have seen the 
widely^expanding, half- flaunting, half-f!etri Flowing Decoratadl, 
stiiened at last, and not undeservedly, into the harsh and hard, 
soulless and sapless Perpendicular, Ub \ that we might be allowed 
to anticipate a return to the opening bud, and its expansion into 
another flower of a higher kind of beauty and & better fate! 



VERANDAH, SANS SOUCI, NEAR BERLIN. 



The above engraving represents the Verandah of a Flower 
Window in the head gardener s lodge at Sans Souci, the royal seat 
of the King of Prussia, near Berlin. 



According to the Annaies dm Ckemitui^ de Fer^ an arrangemenl 
has been made by the directors of the North of France and Stra»- 
burg Railway C'ompanies, that they will^ at common ex| 
build a line of communication, which will start from the 
Chapelle Goods Station, transect the national line No. 1, frnT 
Paris to Calais, the rural roads des Fillettes and la Croii del 
Evangiles, and join the St rasburg line about 150 yards above the 
viaduct uf the Rue des Tournelles, The whole length of this 
railway, from one line to the other, will be I90t) yards. When. 
however, the important plan of a circular line, which will bind 
together all the linos starting from Paris, shall have been com- 
pleted, the junction of the North and Strasburg lines will be 
effected hy a small branch line of about 3U0 yards, which will 
branch off from the main line of junction. The line will ha%*e 
but one rail, ami will be worked by horses, as the Bpace to be tra- 
versed is very jshort. ^" 
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VENTILATION AS A BRANCH OF SANITARY REFORM. 

On Ventilation as a Branch of SanUanf Refhrtn, By ^riixtAM 
Walker, C.E,, of Manchealer. — f Pa|Jer read at the third meeting 
of the Liverpool Architectural and Archieological Society, Novem- 
ber I3th, C\ Barber, Esq., V.P», in tlie Chair,) 

Much had been said latterly about eaititary affairs, and the 
public health was heeominj^ a leading topic of the day. We had 
instituted Boards of Health and a Sanitary Commiftsion; several 
gtate«mon and men of influence, actuated by motives of philan- 
throphy, had taken the question under their especial protection, 
but, notwithstanding thii$^ comparatively little had been done to 
remedy the evils complained of* True it was, that during the 
fiway of the fatal epidemic last year, temporary expedients were 
adopted, and a spur woa given to sanitary progress. Since that 
time more copious supplies of water to some large townee, and 
some few drainage worlcs for removing rai»idly accu mutating refuse 
bad been undertaken. In rnihlic buildings, too, of late years, 
great attention had been paicl to the ensuring of copious supplies 
of air. The new Houses of Parliament, at Westminster, and St. 
George's Hall, in Liverpool, were the latest instances of thi«; the 
latter of these buildings was, however, so far from completion, that 
no tritil had yet been made of such measures as were adopted 
during the construction; and, if we might judge from the public 
prints, doubts seemed to be entertaiued of their eflioiency, so far 
at leajjt as might be implied from the devoting of a sum of money 
and a considerable period of time to the trial of further experi^ 
inent« As to the best mode of ventilating it. The walls being appa- 
rently completed, the question arose whether that was not begin- 
ning at the wrong end, and whether the experiments ought not to 
have preceded the constructiun, in order to obviate those diflficul- 
ties and expenses which must result should the experiments 
involve a necessity for constructive alterations? 

Branching forth into the historical portion of his subject, Mr. 
Walker naid, that if we carried the ploughshare of research into 
the early days of architecture and engineering, we should lind 
much to »«tonish us in the progress made by " the world s grey 
forefatiiert." in the arts conducive to health. The Roman aque- 
ducts furnished magnificent testimony to the care bestowed by the 
ancients on cleanliness as a means of health ; and ( Greece, also, 
made similar proviHion for her people. The system of i-^ewerage 
adopted by the Romans was of the most efficient and extensive 
character. They did not enter into fierce debate whether a six- 
inch or a nine-inch pipe would suffice, the minimum system not 
being in force in those ditys, but they took care that if they erred, 
the error should be on the side of excess rather than of deticicncy. 
We were only just beginning to estahlish public baths for all 
classes, and it was thought to be a great step in advance — hut lioth 
the Greeks and Romans, and prohahly the Egyptians hefore them, 
had theirs: and the art of heating their buildings and thvir baths 
wjia not unknown to the luxurious Romans. As to the change of 
air (the more immediate object of this essay), there did not 
appear to be any special provision for that purtiose adopted hy the 
ancients, except by the windows. Change of air was deemed hy 
Vitruvius to he of the greatest importance, but his directions 
applied ulnio^it exclusively to external provisions and arrange- 
ments. The moderns had only recently begun to folhiw the ancient 
practice of providing open air walks or puhlic parks for the peo- 
ple in lirgL* towns, but so far they were on a very inefficient scale ; 
their great distance from the spots where the day was spent in 
toil, rendering the fatigue of reaching them a great barrier to their 
use. This objecticm was anticioateil hy the Romans, who provided 
them at all their bathing establishments, theatres, and other places 
of great public resort. During the *■* dark ages," which succeeded 
the decline and fall of the Roman empire, these and many other 
arts, if not entirely lost and forgotten, fell, at least, into neglect 
and de!»uetude; and fntm that long period of sanitary darkness we 
were oidy now, by slow degrees, emerging. 

Tlie two natural iluids chieffy concerned in the sanitary art were 
vater and air. The first of these — water— was provided for our 
use in the greatest abundance— three-fourths of the surfiice of uur 
planet l»ei»ig cov^ered with it; hut air was provided for us in an 
infinitely greater abundance even than water, the entire surface 
of the globe being covered with it to the height of about fifty 
sniles. 

After treating of the chemical properties of air, Mr, Walker 
rame at once to the subject of Ventilation, which he took to imply 
motion of air; and where there was mijtion there must be a 
maven In the great process by which the earth was ventilated. 



heat was the mover, and its effects met with no interruption from 
opposing circumsftances. The earth was not closely hemmed in by 
other planets, which might obstruct those movements; nor could 
the ineqnalities of its own surface offer any serious impediment to 
the free progress of those enormous volumes of air, compared with 
whose vastness the highest mountains and deepest valleys might be 
regarded as almost a level surface. This was natural ventilation, and 
as in all the processes of art the imitation of nature was our primary 
role, so should we best succeed in ventilation by adopting her mea- 
sures and foDowing her infallible processes. But we must ever bear 
in mind thar we were not ventilatinga Kmooth, free, and unobstructed 
ball like the earth. Our art was to be exercised upon the artificial 
and complicated works of man, who surrounded himself with walls 
w'hich other men iiurrounded with other walls; who protected him- 
self from the inclement winter by transparent inclosures; who In 
progressive stories heaped one building on another; who, in fact, 
multiplied artificial contrivances for other purposes, each one of 
which removed him further from a state of nature; whose arts, 
forms, and usages brought large numbers into an unnaturally small 
space, and who must therefore use further artifice to obtain that 
natural supply of the vital element, which his previous wants and 
proceedings shut him out from. Ventilation was not simply a 
summer question. At all seasons of the year we must have air. 
Not only must it be supplied, but means must be resorted to to 
obtain it at a proper temperature, and to introduce it into our rooms 
and around our persons in an unobjectionable manner. These con- 
siderations at once set at defiance all those numerous devices of the 
*'■ passive" or (so-called) " natural class,* which consisted in ad- 
mitting air directly into rooms through openings in the windows or 
external walls. In the rigours of winter they afforded no means of 
modifying its coldness, and those who might have, Inadvertently, to 
sit near them would testify to the injurious result. Most of tliem^ 
indeed, carried with them their own refutation, being provided 
with means by which they might be entirely closed ; and so far as 
his opportunities of investigation had gone, they were mostly very 
judiciously kept closed in very severe weather. Window ventila- 
tors were also open to artotber very serious objection, which was 
that in the evening, when dwelling-rooms were most closely inha- 
bited, the guR lighted, and vitiation in its fullest force, that was the 
precise time when the closing of the shutters put a total stop to the 
action of the ventilators. -\il modes of admitting air in winter 
which did not proceed on the principle of modifying its temperature 
at or before the moment of its entering, would, however much 
diffused the openings might be, produce great inequalities of tem- 
perature, and frequently also cold and dangerous draughts of air. 
iMr. W'alker tlien proceeded to point out now large quantities of 
fresh air might be introduced with certainty into the various com- 
p«irtments of a building, illustrating his views by some examples 
which had been cjirried out. In nearly every case constructive 

tireparations had been necessary : the mode of obtaining air had 
»een considered when the building was originally planned, and by 
the concert thus established between the architect and the ventila- 
tor, succe.«^sful results bad been obtained at a minimum cost. 

Mr. Walker deferred till a future occasion the more practical 
part of his subject, which would refer chiefly to the means, con^ 
structive and otherwise, which would ensure a supply of air being 
obtained in proper quantity, manner, and condition. 

Bmtarkit.—Mr. R>wLi>st«N (Inspector to the General Board of 
Health) said this was a subject that he had paid special attention 
to for some time, and be might, perha[)s, be allowed to make a 
few remarks upon it. He quite agreed with Mr. Walker, that it 
WHS time architects took up the subject, and that ventilation should 
be considered in the structure of buildings. If it was necessary 
to put a roof upon four walls, it was quite as imperative to make 
provision for the due regulation and escape of air. Any attempts 
at ventilation after the house had been occupied, or even the 
adoption of s(t-called "' ventilators "in chimney breasts, were mere 
make-shifts. They did not give that which was required^namely, 
full, hee^ copious, and safe ventilation. To be safe, ventilation 
ni ust be diffused ; it muist also be perfectly under coutrol. He had no 
hesitation in saying that a well-built house of modern construction, 
in the metropolis or Liverpool, was tlie mo»t dangerous tenement 
that a man could put his head into. He lived in a London house, 
which was so well built that the door vibrated like an iEoli^i harp. 
When he sat by the fire writing, he had to resort to the expedient 
of turning a bucket the wrong side op to put his feet up*ui, in 
order to escape the ill effects of the draught, the (i replace being 
!i>w. He had no doubt that many literary men who hycame ab- 
sorbed in their subject, and got their beads heated whilst their feet 
were cold, from the draughts which crept along the floor, had their 
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constitutiotiB matemUy afected from want of the necesaary pre- 
cautions. He expressed his f^pinion that the corridor, lobhy^, and 
Hair&Hse of a hutise should he well warmed^ which would do away 
with those cutting draughts that crept along the floors and were so 
injurious in winter. St. George's Hall had heen alluded to, and 
Afr, Walker was, perhaps, not aware that Mr. ElmeMpaid consider- 
able attention to tne auoject of ventilation in the construction of 
that building. Every arrangement was made that he (IVIr. Elmes) 
considered necessary, and the assiatance of ]>r. Eeid was called io. 
The great vaulted ceiling which waa turned over the hall had 
had especial reference to ventilation. Allusion had been made to 
the ventilation of cottage tenements. As inspector to the Board 
of Health it had been his duty to travel through the length and 
breadth of the land, and he had visited tenements of all descrip- 
iioQfl, Doubtless many gentlemen in that room had read the state- 
ments drawn up by men in office, and imagined them to be over- 
charged; but he could assure them that there did not exist a man 
who could adequately deacribe the utter wretchedness in which the 
lower classea of thia country lived in the nineteenth century, and 
in the midst of boasted civilisation and refinement. This was not 
the ca^e in large towntt alone, but it was the same in rural villages 
whero Irish emigrants took up their abode* It was laid down as a 
law that 80{) feet of air waa necessary for each individual; and he 
had seen thirty persons snoring fast asleep where there iihou}d 
have been but two. It was high time that this state of things 
should be altered. He followed the track of the fearful epidemic 
last summer, and, if he was shown a tenement or house, he could 
teU whether fever or the cholera would come there or not: there 
was no mystery about it. If people were crowded together where 
there wag no means of obtaining fresh air, where refuse had accu- 
mulated for a long period, there fever would make its visitations, 
and in times of epiaemic the cholera would take up its devastating 
abode. It was also singular that damp had a great deal to do with 
it. It was not enough to make the surface dry, but the subsoil 
ahould also be in like condition. Something had heen said with 
regard to ancient and modern drainage; and it was certainly very 
right that we should admire and imitate, so far as we could with 
advantage, all that had been done by the ancients; but we should 
be doing very wrong if we followed the example of the Romans, 
in their large sewers. Mr. Rawliuiron contended that the minimum 
siated drains were most efficient, and that tho^e which were large 
only afforded space for deposit. Again adverting to the subject of 
ventilation, he recommended the application of hollow bricks or 
tiles, which, he said, now that the duty was off, might be made of 
any size or form. He had made an experiment to test the capa- 
bilities of these bricks to airry pressure, doubts having been 
expressed as to those on which the great ceiling of St. George's 
Hall was turned, and he found they were capable of sustaining 
the required weight, 

Mr. Barber asked if the ceiling to which Mr* RawUnson alluded 
was turned at his suggestion? 

Mr. Rawlinson said it was. The construction of that ceiling 
gifcve a great deal of trouble, but it was always Mr. Elmes' inten- 
tion that he (Mr. Rawlinson) should turn it for him. He had 
seen at Castle Howard some tile piping, and he did not see why he 
could not turn the arch of St. Georges Hall with them; he' had 
some made with twi>-irich bore, four inches square, and twelve 
inches long, which answered the purpose very well. 

An interesting diecussion ensued, in which Mr. H. P. Hobneb 
and Mr. J. Boult took part, dwelling on the importance of large 
buildings, such as St, George's Hall, as they were not only an 
ornament to the town, but promoted public health by the open 
space which was left around them, besides which they called forth 
improvements in construction, and insanitary arrangemeota, which 
would not otherwise be thought of* 



MEMOIR OF THE LATE WILLIAM MURDOCK, 

Oa thtt Inrentmm and Life of the late Mr, WHi'mm Murdoch. 
By Mr. Buckle, of Soho. — (Paper read at the Institution of 
Alechanical Engineers at Birmingham.) 

TiiK subject, interesting In itself, was rendered peculiarly so by 
the exhibition of several mechanical antiquities, among which may 
he specially noticed a diminutive locomotive engine, constructed 
by Mr. Murdock in 1784, and unquestionably the first that ever 
was made, A bust of the deceased mechanician, by Chnntrey, was 
appropriately placed in the room, and the Rumford medal, awarded 
to him by the Royal Society, was inspected with interest by the 



members. The chairman prefaced the subject by observing, that 
he had the distinguished honour of exhibiting to the present, as 
the first public Scientific Institution, the very first locomotive 
engine ever consstructed. To the late William Murdock belonged 
the honour of producing it. He was at that time at Redruth, in 
Cornwall, and naving conceived the idea of making a locomotive, 
he carried it into effect, as the interesting piece of mechanical 
anti4|uity then exhibited, would best testify. A very curious 
anecdote was preserved in connection with it. On one occasioQ, 
having placed it on a gravel walk conducting to the church at 
Redrutli, he lighted the lamp beneath the boiler, and whilst the 
locomotive was pursuing its course, to the singular dismay of the 
clergj'man of the parish, it attracted his notice, and he fancied that 
the evil one himself was making night hideous. 

The paper was then read by Mr. Marshall, secretary to the tnstl* 
tution. It commenced by observing, tliat the subject of bis notice 
waa horn at Bellow Mill, near Old Cumnock, Ayrshire, in 175k 
where his father, an ingenious mechanic, carried on the business of 
millwright and miller. His mother s maiden name was Bruce, and 
she used to boast of being lineally descended from Robert Brace, 
the Scottish hero. So remarkable a man, whose talents and inven* 
tions have contributed to the advantage of society, and whose 
ingenuity was so well known, should not be allowed to go oat of 
the world without some special notice. Little waa known of his 
habits and pursuits prior to his joining the establishment of 
Messrs. Boulton and VVatt, at Soho, in the year 1777, then in it« 
infancy; but he must, before he left his nativii country, have had 
celebrity, as he was employed to build a bridge over the river 
Nith, in Uumfries-shire — a very handsome structure which still 
exists. His talents were soon justly appreciated at Soho, particu- 
larly by the celebrated James Watt, with whom he continued on 
terms of the wannest friendship to the time of Mr. Watt's death 
in 1819. After a short residence of about two and a^half years at 
Soho, he was appointed by Messrs. Boulton and Watt to superin- 
tend the erection and undertake the general charge of their 
engines in Cornwall, where he erected the first engine with the 
separate condenser in that district; and he remained there, giving 
great satisfaction to the mining interests, until 1798, when, as a 
proof of his usefulness, the adventurers in the mines, hearing of 
his intention to return to Soho, used all their efforts to retain Ms 
services, and offered him 1000/. a-year to remain in Cornwall; but 
his attachment to Soho and his Soho friends would not allow him 
to comply with their urgent request. 

In the year 1783 he married the daughter of Captain Painter, of 
Redruth, Cornwall, and had four children, of whom only one son 
survives; his wife died in 1790, at the early age of twenty-four 
years. In 1798, Mr. Murdock returned to Soho to take up his 
permanent residence, and superintend the erection of the machi- 
nery at the foundry connected with that estabiiahment ; but he 
occasionally superintended the erection of engines at a distance, 
and among others those of Lambeth, Southwark, Chelsea, New 
River, East London, WestTiiinster, and Essex water- works. His 
energies to further the interests of Soho were not employed in 
vain, for they assisted in no slight degree in procuring for it a 
name celebrated throughout the civilised world. His time, wlulst 
at that establishment, and for years afterwards, was so completely 
occupied by his mechanical pursuits, that he had no letmire to 
devote to any sort of relaxation. The rising sun often found him, 
after a night passed in excessive labour, still at the anvil or turning- 
lathe, for with his own hands he would make those articles which 
he would not trust to hands less skilful. Mr. Watt, in his notei 
on Dr. Robison's *- Treatise on the Steam-Kngine,' bears testi- 
mony to some of Mr. M[irdock*s valuable improvements, and 
others are recorded in a patent he took out in 1799» These, 
although described by the writer in detail, may be briefly indi- 
cated as boring cylinders by means of an endless screw working 
into a tooth-wheel ; beam cases for cylinders cast in one pieee. ^ 
fitted to the cylinder with a conical joint at top and bottom; the 
double 1> slide valve for simplifying the working of the steam- 
engine and saving the loss of steam; the cylindrical valve for the 
same purpose as the preceding one; and a rotary engine, consist- 
ing of two wheels with both working into each other, and ftxed in 
a case fitting close to the sides of the two wheels and the ends of 
the teeth, these parts being made steam-tight by packing. Mr. 
Murdock had one of thetie engines^ of about one-horse power, set 
to work about 1802, at Soho Foundry, to drive the machines in his 
private workshops: it continued there for about thirty year?, and 
afterwards in nearly constant work, was found to work well. 

Firnt Locvmotive Engine - — Now that locomotive steam-enginei 
applied to carnages have become so extensively used, it is propter 
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to record tliat the iirst so applied was made by Mr, Mnrflock, 
upon the principles described in the fourth article of Mr, Watt's 
•pecificatiun of 1769 — since adopted in all en^rinea for that pur- 
jpose; and this was seen In 178i, by persons still livtn^^ drawinfs;;' a 
model wagon round Broom in hia honae at Rodrtith, where he then 
Te«tded. This orifrinal en^rine was frequently exhibited by him to 
friends at his house at Handsworth up to the time of his death, 
Bud k Ktill in working order, (The identical engine was at a sub- 
sequent period of the evening- set to work, to the extreme interest 
and evident satisfaction of every one present,) 

At the time that he was making experiments with his locomotive 
©ngine, he greatly alarmed the clergyman of the parish of Uedruth, 
One night, after returning from his duties at the mine^ he wished 
to put to tesit the power of his engine, and sa railroads were then 
untnown^ he had recourse to the walk leading to the church, 
situated about a mile from the town. This was rather narrow, bnt 
kept rolled like a garden walk, and hounded on each i»ide by very 
high hedges. The night was dark, and he alone Rallied out with 
hm engine^ lighted the fire or lamp nnder the boiler, and off started 
the locomotive, with the inventor in full chase after it. Shortly 
afterwards he heard distant and despair-like shouting; it was too 
dark to perceive objects, but he soon found that what he heard were 
cries for assistance proceeding from the worthy paistor, who going 
into the town on business, was met in his lonely road by the fiery 
monster, whom he subsequently declared he took to he the Evil 
One in propria ptrmnti. Whoever has been on one of our modern 
railn>ads on a dark nighty and seen an approaching train — ^now no 
novelty — may easily imagine what effect the awful sight would 
have on the nerves of an elderly gentleman of the last century; 
and, although the demon was of small dimensions, yet it was a 
total stranger, and quite unlooked for in such a locality. 

Gas Lighting, — Mr, Murdock is still better known to the public 
by \i\% invention of applying the light of gas from coal to econo- 
mical purposes. In 17i>2 he employed coal gas for the purpose of 
lighting bis house and ofEces at Redruth, in Cornwall; and this 
appears to have been the first idea of applying the light to useful 
purposes, although the gas had been discovered and obtained both 
naturally and artificially, more than balf-a-century before. He had 
also a gas lantern in regxilar use for the purpose of lighting himself 
home at night across the moors from the mining engines that he 
was erecting to his house at Redruth; thig lantern was formed by 
filling a bladder with gas, and fixing a jet to the orifice, which was 
attached to the bottum of a glass lantern, the bladder hanging 
underneath. After various experinients, whereby he proved the 
economy and convenience of light so obtained, he made a public 
exhibition of it by lighting up the front of Mr. Boullon's manu- 
factory, at Soho, on the occasion of the general iyumiuation for 
the peace of Amiens in 180^. He subsequently lighted up some 
cotton mills at Manchester, beginning with that of Messrs. 
Phillips and Lee; and he published a paper, descrihi ng the advan- 
tages, in the Philosophical Transactions for 1808, for which the 
Royal Society presented him with their large Rumford Gold Medal. 

Water Pipes, — In IHIO Mr. Murdoch took out a patent for boring 
pipes for water, and cutting columns out of S4>lid blocks of stone, 
A machine, constructed according to his principle, was »et to work 
at Soho, and aiiother at Mr. Kennie^s works, in London; but the 
patent was subsequently sold to a company in London, with the 
object of supplying water of greater purity, by conducting it 
through stone instead of iron pipes, 

Bimt Engine.— In 1802 he applied the compressed air of the 
hlast engine employed to blow the cupolas at the Soho Foundry, 
for the purpose of driving the lathes in the pattern shop, by using 
it to work a small engine with a 12-inch cylinder, which was con- 
nected with the lathes, the speed being regulated as required by 
varying the admission of the blast. This engine continued in 
effective use for about thirty-five years, and was only discontinued 
on the occasion of an alteration of the shop. He also constructed 
ft pneumatic lift, and applied compressed air to ring the hells in 
his house. With this latter invention Sir Walter Scott wa^s so 
much pleased when he once saw it in operation at Mr, Murdoch's 
residence, that he had his own house at Abbotsford fitted up in a 
similar manner by Mr, Murdock. He was the inventor of the 
cast-iron cement, since of so universal and important a service in 
the construction of machinery; and he made several experiments 
on tlie projectile power of high-pressure steam, A specimen bnd 
been preserved, and was novr exhibited to the meeting, of a leaden 
hall, about an inch in diameter, which he fired from a steam-gun 
against the wall of the Soho Foundry in 1 803, a^ the date inscribed 
upon the ball bore testimony. Allusion was made to several 



curions incidents manifesting his ardour of research and careless- 
ness as to personal appearance. In 1HI5 he erected an apparatus, 
of his own invention, for heating the water at the bath at Lea- 
mington, The first conservatory heated in this mode was that of 
his son, at Handsworth, which remains in use to the present day. 

In his latter years his faculties, both corporeal and mental, 
experienced a griwJual decay, and he lived in absolute retirement. 
He died on the 15th of November, 1839, aged 85 years; and hlf* 
remains were accompanied by several old and attached friends, 
and by the workmen of Soho and Soho Foundry, to their last 
abode in Handsworth Church, and are there deposited near those 
of Mr, Boulton and of I^Ir. Watt. A bust by t'bantrey serves to 
perpetuate the remembrance of his manly and intelligent features. 

After the paper was read a brief discussion ensued, in the course 
of which Mr, Middleton, who described himself as '''an old 
Sohonian," endeavoured to show that the pneumatic lift so weU 
known in Staffordshire, and by members of the Institution, in 
consei|iience of Mr. Gibbons' recent ]>aper, was the suggestion of 
Mr. Murdock, who was entitled to the merit of the invention. 
To this view Mr. Slate demurred, and said he thought that the 
invention described by Mr. Gibbons depended upon a principle 
mechanically different to that described by Mr. Middleton. The 
discussion was brought to a close by the chairman, who said he 
thought they must all have been struck with the very affecting 
exhibition which they had witnessed of that feeling of attachment 
which, to the present moment^ continued so strong in the minds of 
all those gentlemen who had been connected with those who might 
fairly be called the patriarchs of mechanical and engineering 
science in this country. It had been intimated, as a very 
striking instance of the use of institutions like the present, that 
Watt, Boulton, Wedgwood, Murdock, Keir, Dr* Darwin, Dr 
Withering, and l>r. Priestley, were the members of a *' Lunar 
Society," so called because their meetings took place at the occur- 
rence of the full moon. Hence we had Boulton's medals, Wedg- 
wood's medallions, Watt's important discoveries, Keir's experimenta 
in chemistry. Dr. Priestley's discoveries in philosopby, Murdock'i 
numerous inventions, and Dr. Darwin s poetical prophecy as to the 
power of steam. This was an interesting fact, as showing the 
advantages resulting from the interchange of thought between 
men of scientific pursnits and mechanical genius. 




THE GREAT EXHIBITION BUILDING-^CONSTRUC- 
TION OF THE ROOF. 

Some remarks having been made by us in the Architect of the 
16th ult., in reference to the ultimate stability of the Exhibi- 
tion building, they have, we are glad to learn, been most carefully 
weighed by the authorities, and are likely to meet with atten- 
tion. Indeed, it is only by careful consideration in the beginning 
that eventual evils can be successfully precluded, and satisfac- 
tory grounds be laid for public confidence in a new and untried 
undertaking, in the prosecution of which to its completion the 
national reputation is now at stake. We must neither leave off in 
our progress, nor must we carry it on to subject ourselves to dis- 
comfiture. 

In the following semi-official communication in the TimeSy we do 
not wholly concur; but it contains many points of interest, and 
shows that the authorities are disposed to make alterations where 
they may appear rec|uisite: — 

** There not only was greater care reiinisite in order to give 
rigidity to the central and most trying point of an edifice where 
safety and strength are so imperatively necessary, but the task of 
construction presented greater novelty of detail and less sameness 
of combination, as will he easily understood from the plan. In the 
first place, with reference to strength and stiffness, the whole 
structure was, in the opinion of experienced architects— men well 
qualified to pronounce an opinion^ — deficient in what is technically 
termed diagonal bracing' — a principle of construction introduced 
by Sir Robert Seppings into the building of oui larger ships, and 
the importance of which to an edifice like ' The Crystal Palace* 
will be readily conceived. This mechanical appliance had not 
been included in the plaji, because it was believed to be unneces- 
sary, and likely to prove cumbersome. Messrs. Fox and Hender- 
son, the contractors, still express a confident opinion to that effect, 
and adduce proofs drawn from alight accidents that have occurred 
in the course of the works in support of their views. Their most 
experienced hands also declare that at the top of the third tier 
there is at present leas vibratiou than at the top of most houses in 
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the metrc^lis. Notwithstanding all this, however, the huilding 
committee have determined that, in the centre at the points of 
junction of the transept and principal aisles, and also at the ex- 
tremities and other parts of the huilding, where any strain is likely 
to he undul;^ felt, ^diagonal hracing' shall he introduced. We 
are strongly inclined to think that in this they have exercised a 
wise precaution. It is no duuht true that the lightness of con- 
struction contemplated hy the design of Mr. Pazton may he apt to 
excite apprehensions of insecurity which are unfounded; hut where 
the slightest douhts are entertained hy persons wdl competent to 
form an opinion, it is obviously b^ to err on the safe side.* 



already taken. Thus the building has peculiar interest to practi- 
cal men, and we are glad of every opportunity of givini^ informa- 
tion with regard to it. 

The portion we are now able to illustrate is the structure of the 
roof; and we shall, as far as possible, conform to Mr. Paxton s own 
description given at the Society of Arts last week. This su^ect 
is of the more interest as Mr. raxton has for many years made it 
his particular study, and he has peculiar opportunities of investi- 
gating the construction of light roofs. 

In 1888, the various forcing-houses at Chatsworth were formed 
of coarse thidc glass and heavy woodwork, which rendered the 
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We have never faltered in our opinion of the ingenuity dis- 
played by Mr. Paxton and his colleagues in the design and in the 
execution, and we are strongly of opinion that the Exhibition 
Building will exercise a material influence in extending the range of 
architectural exertion, and in improving the practice of construc- 
tion. There is scarcely a part of the building in which some new 
mode of construction has not been adopted — some new application 
of medianical skill, or some economical arrangement been brought 
to bear. Some things have yet to be tested bv experience; but 
some are patent and decided results, from whicn example may be 



roofs dark and gloomy. His first object was to remove this evO, 
by Ik^htening the rafters and sashbars, which was done by beveling 
off their sides. He also contrived a light sashbar having a groove 
for the reception of the glass; this groove prevented the displace- 
ment of the putty by the sun, frost, and rain. In horticultural 
structures, such as Mr. Paxton was engaged in, it is of particular 
importance the light and heat of the sun should not be obstructed; 
it was therefore his object to get, as far as possible, a glass roof, 
and thereby a light roof. 
Most ot the rays of light and heat were obstructed by the 




Plf<, 7. — Lovfti portion of Eitcrlor, 

position of the glass and heavj;^ rafters. This led him to the ado|»- 
tiou of the ridge-and- furrow priaciple, wlmh places the glass hi 



such d position that the rays of light in tLe mornings and evenings 
enter the house without obstruction. 

Ill 183i, he made a further experiment on the ridge-and- 
fuiTow principle, in the construction of a ^een house of con- 
siderable dimensions, adopting a still lighter fia&hbar than any 
previously used; on which account the house (although po^seisp- 
ing all the advaDtages of wood) wai as light as if constructed 
of metal. 

In 1B37, in constructing the great conservatory at Chntsworth, 
it waa found desirable to contrive some means for abridging the 
manual labour required in making the immense number of stasb- 
bars requisite. The only apparatus met with was a grooving 
machine, which was subsequently so improved as to make the sash- 
bar complete. For this apparatus the Society of Arts awarded 
Mr, Faxton a medal; and this machine is said to be the tvi*^ 
from which ail the sashbar machines now used are taken, 'l^lie 
machine saved in expense 1400/. The length of each of the bars 
made by it is 4H inches, only one inch !«borter than those of the 
Exhibition Building, therefore there was adequate experience hh 
to the working of the sashbar machinery for the Exbibifciitrt 
Building. 

The roof of the Exhibition Building is built on the ridge-and-fur- 
row principle, and glazed with English sheet glass, the rafters being 
continued in uninterrupted lines the whole length of the building. 
The transept portion, altboiigb cohered by a semicircular roof, i** 
likewise on the angular prmciple. All the rmjfaiiil upright sashes 
being made by machiiiery, are put together and glazed with great 
rapidity, for, being lilted and tini^bcd before they are brought to 
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the place, little more is required than to fi^ the finished mate- 
rials in the positions intended for them. The len^h of sash- 
h«r is stated by Mr. Paxton at 205 miles. The quantity of glass is 
about 9^10,000 feet» weighing 400 tons. 

On each of the longitudinal wrought-iron framed girders is laid 
a gutter, and upon aud commanicatiniJf with this, four trimsverse 
gutters and plates^ on which are laid the saishharti of the four ridge- 
and'furrow roofs and glazing. l*he water failing on the glass ig 
carried to the transverse gutters in the furrows, thence to the 
longitudinal gutters on the girders, and so down the hollow columns 
of the building to the bases, whence it is carried off hy 6-inch 
cast-iron water pipes* 

The glass made use of is English crown, 50 inches long, 10 inches 
Wide, and -j^inch thick^ running from the rtdge-piece to the 
gutter-plate. The object of this length is to do away with overlaps. 

The transverse trussed gutter*plates or troughs are cut out ot 
Bolid fir-scantling by machinery before they are brought on to the 
building. These transverse gutter-plates are trussed with wrought- 
iron rods, bent in the form shown, which can be screwed up or 
slackened by nuts at the end. 

ilaviiifl: explaiued the general construction, we shall now refer to 
our engravijjgs. Fig, 1 is baif-length of the transverse gutter- 
plate A, the whole length liei ng 24 feet, width 5 inches, and depth 
6 inches. On the lower part of the gutter-plate is* seen the tension 
rod, c, 1 inch in diameter, secured by a nut and screw-plate at a, 
and passing through the eye of the queen bolts, 6. It is particu- 
larly worthy of observation that the gutter-plates are made with n 
camber, so that the rainwater shall fall from the middle of the 
gutter to the ends, be readily carried off, and be precluded from 
lodging. The but-enda of the gutter-plates, as shown in fig. 2, are 
likewisebrougbt together, and' fixed in a cast-inm shoe, with an 
aperture to carry the water down into a sr^uare trough* 

Figs, 2, 3, 4, and 5, are enlarged views of the gutter-plate, 
drawn to a geale of one-fourth the full site. Fig, 2 is a side view, 
showing the ends of the temjion rods with the nut and screw, and 
cast-iron plate fixed to the umlerside of the gutter-plate, of which 
fig. 4 is a view of the underside, and fig. 5 a transverse section of 
the gutter, showing the end of the tension rod^ and how the plate 
ia fastened to the timber. 

Fig, 3 is another transverse section of the gutter at »/, a^, and also 
of the sln;light, showing the wooden bar of the skylight and the 
ridge. The ridge In worked by machinery out of solid deal 3 
inches square, ami the butting-joints have A-inch dowel 3 inches 
Jong. The ordinary skylight-bars are 1^ inch deep by 1 inch 
wide, shown in the small section, with u |-inch groove on each 
side to receive the glass. The other Hmall section shows the form 
of other intermediate-skylight bars called string-bars, which are 
8^ inches wide by U inch deep. It will be perceived by the 
lection, that the skylight-bars frame into the ridge, and are 
notched on to the trmjgh gutter, being secured at top aod bottom 
by 3-inch nails. For the purpose of taking off any condensation 
forming within the building which may run down the gluss, a 
groov^e is provided worked on each side of the gutters. 

The skylights are 8 feet span, and have an incJijie of 2j| to K 

Fig. 6 is a transverse view of one of the ridge-and-turrow 
skylights. 

Figs. 7 and 8, elevations of the exterior, showing the two stories, 
the lower being closed with boarding, and the upper glared. The 
base, to the height of 4 feet, is fitted with luffer boardingj with 
the view to ventilation* 

If the several detaih be carefully examined, it will be discovered 
there are several contrivances to save Libour and facilitate fixing. 
It will be interesting to observe, that in matters so common and so 
commonplace, there was yet room for the exercise of reseiirch and 
ingenuity. 



THE BRIDGE FAILURE AT THE SOUTH-EASTERN 
STATION, LONDON BRIDGE. 

Experience is only true and valuable so far as it is on an 
extended basis, for though culled so, that is not experience which 
li merely local and partial. We are not always called upon to 
reproduce the same model or work on the same lines; but our 
practice is chiefly in the extension or particular application of 
existing examples. It therefore becomes of the greatest import- 
ance that we shuuld have as wide a collection uf facts as pos- 
sible, so as to enable us more safely to calculate the result of any 
new direction, new application, or further extension; so, indeed, 
aa to Becure us from experimenting too far. We want, therefore, 



not only examples of success, but of failure; we want especially 
to know where any principle has been strained too much, that we 
may avoid such extreme^ and where any detail baa proved de- 
fective, so that we may apply the proper remedy* It has there- 
fore always been considered, by our best authorities, as most ex- 
pedient to record failures. Thus ISmeaton prefaces the history of 
the Eddvstone Lighthouse; thus, in the history of the Menai 
Bridge, the checks received in experimenting, by which the ulti- 
mate application was arrived at, are carefully set forth for the 
g-uidance of future practitioners. We ha\^e therefore felt it highly 
desirable to report, as accurately as it is possible, a few parti- 
culars as to the failure of the Bridge over Joiner-street, at the 
carriag-e entrance to the South-Eaatern Railway Offices of the 
London Bridj^e Station, which took place on the Idth October last. 

The bridge is of a peculiar contitruction^ and consists of six 
compound girders of cast and wrought irtm, patented by Captain 
Warren. The annexed engraving, fig. I, shows part of one of the 
girders, rather more than half the length ; and fig. 2, a transTerse 
section of the roadway and two of the girderj*. There are in all 
,six girders, placed lift. 6 in. apart. The girder that broke is 
41 ft* 6 in. long, and consists of a series of triplet cast-iron tri> 
angles, with a connecting- rib along the top and bolted at the 
joints, but there is no cimnecting-rib along the bottom of the 
girder; instead of which, they are held t4»gether by a horizontal 
tie, consisting in width of four wrought- iron bars, 6 inches deep 
by 14 inch thick and 13 feet in lengrth, coupled together by 41 
inch oolts passing through a boas cast on the triangular stays, ana 
also bolted to the intermediate triangles. 

The cast-iron triangles are 4 feet deep, with a rib cast on the top 
6 inches deep, making the whole height of the girder 4 ft. 6 in^ 
and the length of the triplets 13 feet; the section of the cast-iron 
is T-shaped, 5^ inches wide cm the back, and the depth the same; 
the thickness of metal 2 inches. 

On the top of the girders are laid cast-iron plates^ II ft. «> in. 
long, with ribs bearing at each end on the girders; on these plates 
rest the materials which form the road, as shown in fig. 2. It 
must be observed, that the horizontal tie^bars are not intended te 
act as suspension bars ; they are merely connected at the abutment 
piers to the ends of the cast-iron triangles. The points at which 
the bridge failed is marked with the letter yj where one of the c^wt^ 
iron stays broke asunder, and also the top rib, as shown in fig. 3, 
which is an enlarged view of the triangle which failed. It was 
only 6 feet from ttie abutment. The fracture is shown at/,^/;/. 

Various statements have been made tts to the cause of the failure. 
It was stated that the accident was caused by the girder being 
loaded with a large stack of bricks; but this is doubted, as the 
stack was at the opposite end, as shown in the annexed diagram. 
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Olrdir, 41 ft. <( la. in itie cltmr of Beariofi. 



The stack of bricks bearing on the girder was 1 1 feet square and 
5 ft. 6 in. high, e*iual to t*6ti cubic feet, which will give, at 72 feet 
to the thousand, between nine and ten thousand bricks, or a weight 
of about 22 tons. Another statement is, that the fiiilure was 
caused by two carts wliich were on th« bridge at the time ; one of 
them, loaded with bricks, it is supposed passed over some obstacle, 
and caused the wheel to descend suddenly with great force. Whe- 
ther this be so or not, we cannot pretend to say; but if the bridge 
had been properly constructed, with a cast-iron girder 4i ft. 6 in. 
long, and of the great depth uf 4 ft. 6 in,, it ought not to have 
broken down with any such force. For ourselves^ we are decidedly 
averse to these compound girders of wrought and cast inui. The 
contraction and expansion are unequal; and, con-iequently, the 
strain must be constantly varying, while the slightest deflection of 
the wrought-iron must cause the cast-iron to snap asunder. 

If this bridge had been constructed with a series uf triangle^ 
cast with a connecting-rib at the bottom and a broad flange on Ibe 
underside equal in weight to the wrought-iron, it would, in our 
opinion, have stood, and borne a weight far greater than ihiA com- 
pound-girder bridge. 

The broken rib having been made good, the bridge has been 
tested with a considerable weight, but with what success we have 
not been able to ascertain. 

Figs. 1 and 9 are drawn to a scale of |-inch to a foot, and fig. S 
to a scale of J-inch to a foot. 
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SHANNON IRON BRIDGE— GIGANTIC PILE DRIVING. 

A MOBT important fact is reconlefl in connectioQ with tbe pro- 
frresa of the Midland Great Western Railway Britlfire over the 
SJuiJMion, in the sinking of cylinders* t*f 10 feet in diameter for the 
faundation*. This hfts been done with Fottb's pneumutic process 
hy iMeasrs* Fox and riender«nn<^the eon tractors, who have likewise, 
we believe, the working of the patent. We mentioned some time 
as^o that theise cylinders were in progress of conKtruction, and 
liHiked forward with some interest to their application in practice. 

In reviewing Mr. Edwin Clark'** work on the Britannia Bridg-e, 
we had the opportonity of describing the large cylinders which are 
beinir put down hy Mr. I. K, Brunei, on the Wve, for that renifirk- 
abJe structure which he h now eanryingout* 'i^he sinking of thoj<e 
cylindera as there described is not in the nature of pile-driving, 
and although they are of a very large size, yet the U> feet cast* 
imn cylinder* of Messrs. Fox and Henderson are the largest ever 
applied in the nature of pile foiindationa^ and on thit^ account their 
HucceMs is of material interest to our readers. 

The bridge is, we understand, of iron, and of large dimeoRions, 
and is supported entirely on cast-iron cylinders^ of the diameter 
mentioned. The cylinders near the shore have been put down by 
excavating and the application of weight; but those in the bed of 
the river, by Potties pnwess. We need scarcely inform our readers 
taat, in this simple process, an air-pump is employed, which being 
connected with the head of the hollow pihs the air is ejchausteil, 
and a Btream of water, sand, shingle, and graveU rnshmg up from 
below, the pile sinks gradually into the displacement made to any 
required depth. Jt is therefore a kind of sub-af|uatic excavation, 
the lower end of the hollow pile being converted into a kind of 
scoop, worked by the air-pump on the platform above* Tbe 
exhaustion employed was 26 inches of mercury, equivalent to 13 lb, 
ti> the square inch; and the cylinder was driven down between 
A and d feet in a few minutes, or rather sud"len!y, until checked 
hy a piece of submerged or drifted wood. The operations were 
nnder the direction of Mr. J. AlilUier, C.E., the contractors 
engineer; and the bridge abutments, which are of stone, under 
Mr. Dargan, the eminent Irish contractor. The cylinders will be 
filled-in with concrete. 

Hitherto the piles employed for Potts*s process for pen-beacons, 
for the Maeldraeth Viaduct, the Black Potts Bridge, and other 
structures, have been of very small diameter, so that the procet'd- 
ings we have just described are of the greatest importance. A 
cylinder of 10 feet diameter gives a large bearing, and four such 
cylii^ders will carry a large tablier or platform for a pier, and 
which can be put down without cofferdams or other preparatory 
works, thereby greatly reducing the expense of submarine foumia- 
tions. Here neither cofferdams, caissons, steam-engine pump, nor 
diving-bells are wanted, only an air-pump of adequate power, 
which can he easily carried about and rigged anywhere. It will be 
obvious that unless sunk from the inside (^vhen there would be as 
niTich trouble for pumping as hv the pneumatic process, and very 
much labour and expenditure of time), any external application of 
power would, if it could he employeo, exercise a very unfarour- 
able effect im the material of the cylinder. Indeed, a force of 
much less than 13 lb. to the square inch would smash a hollow ir^m 
cylinder to pieces. Then again it is to be observed, that 10 feet 
h by no means the limit of the diameter to which the cylinders can 
he carried, so that it is open to engineers to dt^sign vi^orks in situ;*- 
tions and under econtmiical conditions where liitherto the resources 
of art were insufficient to meet the emergency. 



IMPROVEMENTS AT GRANTON 

Most extensive improvements have been carrying on, for b con- 
siderable time past, at Granton harbour. Bays the Scotsnmn^ and a 
liTutifying circumstance in relation to them lately took place. 
'I'his wiis the launch of an iron dredging-machine for the deepen- 
ing of the harbour, fruin the works of Messrs. S. and H. Morton, 
who have only recently commenced business at Granton, although 
well-known in connection with their extensive engineering estab- 
lishment in Leith Walk. 

Tbe name given to the "dredger*' is appropriiite— namely, '"The 
Howker."* It was designed by Mr. Walter of London, the chief 
engineer of the harbour, who was present and took an active 
share in the whole proceedings. It is about m feet long, and 22 
feet wide, with a depth of hold of about 9 feet. The engine with 

Hfwkcr 1« ft iicotcl) pbfu« fur **(iiifin,** 



which it h to be fitted up will be about SO-horae power; and it u 
calculated, we understand, that the dredger will work to the depth 
of ^0 feet from the surface of the water. It is expected to be 
completed, and in full operation, in tbe C4jur«e of a few weeks; 
and the ftrst work to which it will be set will be to make tbe inner 
berth along the pier equal in depth to the outer one, which i« 
from 10 to 12 feet at low water of an ordinary spring tide. Al- 
ready three barges have arrived at Granton, to work in cooj unc- 
tion with the howker. These are built of woi>d, and upon tlie 
''^'hopper'' principle, hy which tbey are enabled to discharge their 
cargoes almost instantaneiiusly in deep water. Two other bargees, 
made of iron, are to be built hy the Messrs, Morton, and wheo 
these are finished, Cirauton may with truth be said to have a 
most thoroughly equipped dredging establishment. 

Varioua improvements are going on at Granton of considerable 
magnitude and importance; in addition to the noble pier that has 
been completed some time, it is the intention of the noble pro- 
prietor, the Duke of liuccleuch, to erect a breakwater on the eait 
side of the pier and another on the west, su as to inclose a spacinui 
harbour on each side. The area is about 77 imperial acres IQ 
extent, and that of the eastern about 52. Tbe breakwaters, like 
two arms, will surround these harbours, with the exception of a 
space of about 70 yards a little to the north of the point of the 
pier, w hich is t<i serve as an entrance for tlie shipping. The break- 
water on the western side, which is to be upwards of 1000 yards in 
length, has been in progress of construction for a considerable 
time, and is all finished except about a hundred yards. The 
eastern breakwater has not yet been commenced, but arrangetnents 
are under consideration for its being speedily undertaken. The 
height of the western breakwater is about seven feet above high 
water, so that, even as it at present stands, it wiU form a pretty 
good protection for vessels in wessterly and north-westerly winds; 
but when it is surmounted, »s it is designed to be, by a parapet 
wall, the protection will be effectual from winds blowing from either 
of these directions. In fact, when the eastern breakwater in 
finiBhed, as it is to he, in the same manner as the western one, 
Granton will almost be one of the safest places in the Frith of 
Forth during a storm. These improvements will add very mucb 
to the value of that rising port. 

It is his grace's purpose to lay down, without delay, a patent 
slip, of great ni»*gnitude, for tbe benefit of all the large shipping 
coming to this jiart of the country. This slip, which will be on 
tbe principle 4»f Mortons patent, will be the largest iri the king- 
diun, with the exception ot one at Belfast. It will be sufHcient to 
allow vessels of luou or 1^00 tons to be taken upon it for the pur- 
pose of being repaired. 



THE WATER SUPPLY OF LONDON- 

Report on the Water Sttppi^ of LondoH. By the Hon. WtUdAW 
Napiek. — (Presented to the General Board of Health, Gwyder 
H ou se, ^ V hi t eh all, ) 

Paut No, 1. 

Farnhamt Surrey, Oct, 2, 1850. 

Mj Lorda and Gen tiem en i^ Hairing had the pleiiure nf receiriag ji 
Aauiuit JHit your iniitructiana tci visit the gathering grouridt of the prafMited 
water supptj to the metropolis^ in order In fcauge the atreima and make i 
Ciireful re*eKamination of Ihe general capabilities of the couairy for the puN 
pone intended^ 1 bave now (he honour to submit to your noti<% the retulti 
of my obiervalionii, with a few reaiarka on tbe diffefeiit bearings of tbi 
■cheme. 

On reading the Board's rfpnrt preiented to tbe Houses of P»r)iaiOfiBt 
during the past icisioar 1 perceived that from the very short time at the diN 
posal of tbe Board ibe calculation of the quantity of i%ater Available from 
ihe rain.faJI on the diitrict, an extent of nearly 150 square mtlei, wai neoM* 
airily fi^unded on the discharge of the ttreanu at their outfall. 

The Board were thus also manifeiily placed under great dltadv«iita|f 
when eodeavounng to atccrtaiii the character of theie waters ; for, a^ raeh 
waters inevitably |jartake of the nature of the aoili tbroiiKh «vbtch th«f 
have paAsed, and aa the pare a^ndi of tbe diitrtct are not oidy hounded Hy 
elay on the oortb^eaaii ea^t^ and louth-eastr fiy cltalk on the w^^t, but are 
a ho intersected from east to west in Ihe suiiih hy a high range of chalk 
bills, the course and outfall of these streams |trpseni c^Tiainly a widdj okift* 
leading teit of Ihe quality of the water la be derived from pure tands^ 

Considering tbe purity and aeiftnfsi of the »up|i]y to have the first data 
upon my attention, I reiaemttered the principie enunciated by tb«* Boardi 
** the nearer the source the hetCer the quality/' and nmde it my first ohject 
to examine the Ti^tture of the soils in which the rain-fatlof the country niakii 
its ffppeiranL'e after percolating ihrQugk the u|/pcr crusir and oe&t, the aaill 
Ihroujsh which it ptiiei to its outftll. 
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The wtter-supply of Farnhim htvng derived from the hill on the aoutli 
vide of wlitcli the Tlllige Btands, I beot my first steps Ibither, not only to 
extmine its source, aa likely to present iudicatioiifi for ptirhy to lie looked for 
elaewliere, but »ho to htve a good bird's-eye view of tbe ivbole area utider 
inveatipaUorK The position of the hiU m the south-west, its clevjitio!i of 
nearly TOO feet above the level of the ^eo, and 300 feet above the plaint 
heneatb, admirably adapted it to this purpose. It was theii onVy I dis. 
corercd that the I'arnham water does not eome from the uurfaee drainage, 
but is derived from aixtcen small tprings^ iss^iing at the south Bide, on a 
contour, so to say, about 50 feet above the higbeat fevel of the hilL From 
the contracted area out of which so large a tupply is gained » I wai induced 
to luspect that these sprJnga are not dtie to the rain^fsll on the ground abo^e 
them. 1 W8A further led to this coostderation by observing that, from the 
ilope of the groi^ml^ and from the almost impenetrable hardness of the 
Etiper^cial covej-iHg of gravely the rain-fall could scmrcely find its way 
through thii surface. A violent atorm having most opportunely eume on 
whilst speculatjag over this probability, I perceived that the whole of the 
water apparently raji rapidly down the bilUsides and was speedily out of 
sight, leaving the lurface perfectly dry, except where irregularities retained 
■ few pools, which sobseqiueot observation proved to me iveire exhausteil by 
evaporation rather than by percolation. I then eiamined the north side, 
ind found that on the same contour a still greater indication of springs 
exiaied. This satisfied me that these waters Arc due chiefly to rain-fall else- 
where; for a rough calculation of the yield of the ipriDga much exceeded 
the available riin-falt on the area within the contour. 

Convinced of tbis, I naturally concludeii that, if the other ranges of 
the district were of like geological formation, they would in all probability 
present similar appearance! about the same level ; a most desirable source 
for the streams of the country* the advantage of which, in additi(m to the 
proposed drainage supply, could hardly be over-citimatcd. The first \*eek of 
my researchei was confined, therefore, to tbe nature of the toil throughout 
the district, presenting generally a vast depth of pure sandf, obscured in 
the higher levcU by extensive pat diet of gravel from 2 to 20 feet in depth ; 
in the lower, by a poor loam, from one to three feet deep. Patches of peat, 
here aod there in spots of some depth, exist principally in the lower IcTcis. 
On the west and sauth'West the loam has a subsoil of very stifl* clay, appa. 
rentl y of the London formation, which also crops out on the north side of 
FarnhambilL On the north and north-west, in the valleys, there exists 
within a small area a considerable quantity of iron in some of the peaty 
bogs* All theie are marked upon the plau which 1 shall hereafter have tbe 
honour to lay before the Board, and which I have prepared at accarately «» 
tbe abortne^s of time allowed. 

The next object of my research wa« the quality and quantity of the water- 
The Boardi in their report, have gi%en the quantity now brought into Lnn* 
don by the different water companies aa a iitreaiii 9 feet wide and 3 feet 
deep, flowing with a velocity of two miles an hour; a supply double the 
actual conitumption. In the 'course of my cxpforation I could not fail to 
observe that such a volume of water of any quality was nowhere to he seen, 
which at first rather damped my hopes for the future; but I reiucmbered 
that such a body might be made up by collecting the smiilleiit threads of 
rivulets, aud went on my way. To effect this then was my object. 

A moat minute inspection of the gathering grounds has shown me that 
their nature exactly adapts them for the means of collection proposed by 
the Board, namely, a aystem of thorough drainage. A more admirable plan 
of gathering rain-fall could imt have been conceived; the aanda, acting ai 
A natural filter, deprive the water on its passage to the pipes of any impurity 
contracted either in the air or in pereolating through the upper crust ; aj*, 
for instance, where the water might be discoloured by peat, experiment* 
have proved that the sands restore its primitive colour, and deprive it also 
of the flavour imparted by the peat. The heath, which covers the entire 
area of the gathering- grounds* also stain* the water, hut the impurity ii 
removed by this process of natural filtration. 1 would remark, that the dii- 
colourition visible in the stream called the Ulaekwater, is not caused by peat, 
but by the heath and loose bla^'k loamy nature of the aoil through which it 
flows. This I have proved, by following up it* varioua sources, one of which 
only, at Cove, passes over peat. Samples of springs rising m peaty bogs, 
show »o discolouration whatever, bttt are as clear as water iisning from 
sands. 

Remembering Farnham-hill, I turned my attention to look for springs, 
and, after much and close examination, came to the conclusion that the 
origin of many little silfer threads of water, silently stealing down the hill 
sides under the grass, arose also from such sources. A diligent search 
showed me that the quantity of water to be derived in this manner within 
the original area of the gathering-grounda is so great, that if tbe neighbour* 
ing ranges of mountains and hitla on the south side — namely, llindhead, 
i3]ackdown, Hascombc-hills, Leith-hill, &c., presented the same feature, I 
might probably hope to collect a stream 9 feet wide and 3 feet deep, of the 
desired softness and purity. 

I am now happy to inform the Board, that a month's researchea into 
every hill and glen, every copie and crevice, has produced this result. 
Having tfBted the watcrl as they issue from their sources, I can announce 
that I have gauged a sufficient number of springs and rivulets to enable me 
to form an opinion .both as to quantity ond quality; the water being of its 
primitive purity, perfect as to aeration, brilliant in colour, soft alo^ost as 



distilled water, of a grateful temperature, about S0\ and almost free from 
all mineral, animal, and vegetable impreguation. In a future section of thii 
report, 1 hope to be able to give the Board more extended information on 
this point, as also with reference to the levels of the springs above mean 
tide. Thu3, by gauging and testing the streams at their sources, instead of 
in their course and outfalls, we have the realisation of the principle Uid 
down by the Board; and this difference will account for the variance of mf 
results with those of Dr. Angus Smith. 

The annexed table of springs and rivulets gives their hardness, according 
to Dr. Clarke's soap test, their daily discharge, and the number of houses 
they are equivalent to at 75 gallons per house \ an addition of one-half the 
average domestic consumption, as proved by an experiment instituted in the 
district of EarUstreet, London, on a block of 120U houses of a fair average 
class, the gatigings of the sewer gave 44 ( galloas, and of tbe butts and cis- 
terns, 5H gallons per house. 

Tahlk of Spring and Ripuletn, thowing their hardnett, daily dUchargf, and 
the number of hoiu»et each it equivalent to, at the rate of lb gallons per 
houte. 





ntgn«» 


Gallons dli. 


Houses at 76 


Nam«fl. 


at Uard^ 


charged per 


galloiu per 




ness. 


day. 


bOUM. 


HJndhrnd «iid Blickdowa * : — 








Holy.fflrntef 


8 


t,iis<^,(N»e 


u,m 


i BruDabo't* , 


11 


U,3S»JU 


mMi 


Down^UodA .. 


I 


M0,€00 


7,20(1 


Headlrv-down 

W«rford-rniMB 


I 


S39jai 


:i,li>7 


1 


3«M8U,000 


38,400 


Derii'i'Junipt .. , 


:i 


r«0.000 


|&,iJ<H» 


PUDClllHJWl .. , 


I 


mjm 


a.a}W 


Coflford-bottse .. .. »« 


1 


fff4jna 


S,9K< 


OrayVirood ,. 


I 


BA,%k* 


1,123 


Kotchn 


I 


mjm 


4M 


Vlfe other tprlflgs 


t 


137,662 


l./Dft 


Hascombe- bills s :— 








Svr«»tiirmter*pQQd 


I 


l,0M,7»& 


wm 


Bush-bridge .. .. ., ., 


2 


ft3»,30Q 


7.0tfi 


GhBpet-copw 


3 


T24,e9? 


'!,%& 


ttascomb* . . . . «. 


S 


'n9,lUi 


¥.yHH( 


Letili tillls* — ; 








Taufoid ,* 


2 


l,799,r»S 


2a,:*7r 


Walton 


i» 


8pft,iir.6 


n,fef7v» 


Rookery .. 


S 


\,4m,4^ 


19,692 


Eaftlidirtpttifad PUin ;^ 








Wiititnoor 




38B,90a 


5,177 


BrDa4-moor 




i703«» 


2,347 


i^oDdburst .. .. 




M,O0fl 


7J0 


Ambarmnr-litLl 




7^.mi 


l,i>ll 


Itnrkhasi .. 




im,om 


1.347 


Wokiofhatu 




d'JV.!NM 


7,VM 


BHtl-brook.. , 




uvio 


MU7 


Cbobli am- ridges : — 








Plrbrlght 




8io,m)0 


iQ,tm 


RaJtw«y 




4^«00<* 


fi,ld4 


Covv-moor 




£KI,4ad 


l,aBfl 


Coldlitater.. 




7mj(Hi 


10.108 


FoUy 




35««40? 


a.4ii» 


Bagahot 




<(d0,00O 


=i,4UU 


BrksLou'-farai 




WJi^j 


11^ 


Farnbacn :— 








Aqumluct « ,. .. 




4^,^I4» 


AS4 


Minify .. .. 1 




\Sl,02» 


ijm 


NoTllideet 




6,426,000 


bi.eHi 


Lonfbotlom 




j»),»09 


424 


BrADiftbUt 




«gs72 


:.;« 


ETeraley 




74,77® 


t»'J7 


1 Cattle bottom 




'i7«>.rioo 


3,600 


Norths— 








Farnbam-hUl 


1 


68.').454 


Hjyj 


Total ♦..,,. 


" 




£3S,1A6 





J Will be led tivfty at one de^ee of hardnetf . 

'-' One and a-balf drgreea amier the niilUwbeet; hut irilt protwbljr tt« ted avray at half 
a dfgrve of hardness. 

^ WiU be tjJcep away at liatfa degree of hardoeta. 

* Will be ted awmy at one degree of tiardneu. 

Gliring altogetlipr Hl>^ mEUlona of giUaut, whieh m1|;bt be brought to London at a 
hutlDef» cerf4tlnly uat exceedipg une degree. 1 can anawer for at least tO mlltloaa mone 
under two degrciii of hardness. I roust remark, Ibat ttiougli these gaugtnga are only 
vffttvd AS an approximaUai], I coaiider they will ei'eutuatlf prove to be ratbf^r uuder thau 
orer-itnted. 

I would remark that, where the springs How into ponds dammed up for 
the use of mills, I have taken the samplea for tests from the springs them- 
selves, as the evaporation alone of large surfaces of water generally adds two 
and upwards degrees of harduess» and the waters are also exposed to di=te- 
rioratlon in colour, and, as I have found, in taste. For tnslatice, at Minley 
Pond, itself situated between tand-hills, tbe springs do not show half j. 
degree of hardness, the pond one and a half; at Sweetwater Pond the 
springs have half a degree of hardneiB, the pond two degrees; at Busfa. 
hfklge tbe springs have one degree of hardneit, the pond nearly six. 
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I would here remark^ that tn erroneoui opinion items to prevail generallf 
tbit }arge bodies of wat«r iKould be examined for test of quality, wbicbi to 
proportion to their lize alonf^ show a scalfi of hardness contracted in tbeir 
paasage ihrotigh loamy or otbcr &oils. Hitherto the little tprings rising in 
pure tands, scarcely icen under the herbage, have been almost entirely dii- 
regarded, althoufh when gathered together they form n volume e^joal in 
citeot to that collected on the lower levcU, and of a purity and softnest in 
no caie to be focind there. 

The gauging! of these spriogi having been taken at the end of a drought 
of nearly five weeks, and at the close of an average dry summer, I conceive 
they arc to be relied on with safety, as being at their usual summer ebb. 
Being a perfect stranger to the district, and of cotin« obliged to depend 
very much on the testimony of the residents as to the How of the spring, 
I have addressed myself to persons of all classes, gentry, farmers, and 
labourers, many of whom have resided all their lives on the same spot, and 
Ate theiefore well able to offer an optuiou* I received much valuable infor* 
mation from an herb doctor, who devotes his sole attention to wounds and 
sores, and finds bis remedies in herb« and grasses, many of which grow in 
water, by which meaus he had come to the knowledge of these springs. 
The unanimous opinion of all observing persona is, that 1 gauged these 
springs at their lowest. I am convinced that the greater mass of them are, 
as at Farnham-bill, due to ratn-fall eUewhcre, probably on ranges of equal 
Aod higher levels, at a considerable diiitauce, where the nature of the strata 
will not permit of the rain-fall making its appearance again after percolation ; 
the water then finds its levrl, and an easy channel through the sands of the 
gathering grotiuds. I attribute the fact of the springs invariably coming out 
under the highest and steepest bunk of the hills to the circumstance, that 
such is the only place where on that contour there is not the usual densely- 
packed covering of gravel, through which they would scarcely penetrate 
when there is an easier outlet. The steepness of the bank itself is apparently 
caused by the undermining action of the springs. 

My opinion of the unfailing yield of these springs is confirmed by the pea- 
aants, who in several instances have of their own accord informed me that 
at the close of autumn, generally in October, when there has been uo rain 
in this district, the springs commence rising just after a high wind. They 
offer no explanation of this apparently extraordinary circumstance, which 
to me, however, admits of easy eaEplanation ; the high wind being possibly 
a fortuitous circumstunce, but probably indicating a storm of rain and wind 
elsewhere, where the strata are of the formation alluded to. 

Droughts of much lunger duration than Eive weeks seldom occur, and, 
thould they do so, the yield of the springs is so far in excess of the present 
requirements of the mctropoUfl, that there is little foundation for any appre- 
liension of scarcity. 

To detect tl>e presence of these springs in combination with other waters 
was in some cases very easy, as where the reiidents are acijuainted with 
them, or where they are so large as to thrust themselves on one^s view ; but 
often they have nearly eluded my most vigilant scrutiny. Situated ia the 
bollowA of the hillsT generally collections of rainwater are to be found, girt 
tomettmea by dense copses with ruihes and long-tangled grais. The m&rsby 
appearance of the ground on the lower side might, by a casual observer, be 
taken for the soakage of the pond; but if a trench be dug to the outfall the 
run ia found to be constant, proving the presence of springs flowing into or 
rising in the ponds tbemselvei* On one occasion, on questioning an intelli- 
gent labourer, he remarked that, when bathing in Mintey.pond, he found the 
water at soa^e parts much colder than others, and was at a loss to account 
for the circumstance, which clearly indicated the position of the springs, &a 
I found the ootfall to exceed the flow into the pond. 

So secluded are some of these sources, that their existence on one occa- 
sion, at Chaprl-copse, only became known to a soidisani gamekeeper (but, 
from bis appearance, I fear, a poacher occasionally), by the flight of game to 
drink there after dawn. This spring yields 224,697 gallons per day, equal 
to the supply of 2D9a bouses, and forms one of the many threads contribut- 
ing to the desired supply. I am further of opinion, in which 1 am con- 
firmed by all the residents, that these springs will, when opened— that is, 
given a free passage to the surface, often he doubled in volume ; indeed, this 
l]ASt<)n several occasions, been proved to he the caae by paper manufacturers 
and others wha have been auxious to increase their supply ; as, for instance, 
it Barfard Mills, where some years ago the paper-mil! could only work for 
three or four liours a-day, but the spring having been opened now affords a 
auflScient supply for six hours' work. I have tested the^e waters, and all 
others in the dibtrict, inclurling welh,and those from the surface, at diflTerent 
stages, as where joined by fresh tributaries, or entering a new soil, from 
their outfall to their sources, and the result baa been very decisive in con- 
firming the remark made by Professor Way, in his able paper on The Power 
^ iioii» to absorb Manure, * that ordinary soils consist of three subBtances^ 
aand, clay, and vegetable matter, but that very generally a fourth may be 
idded, carbonate of Ume.' When these springs rise in any other than pure 
■anda, the water at once becomes bard to tive or six degrees. If in any case 
I believed a stream to have a very pure source, I proceeded up its course, 
examining it at the junction of each tributary, and have never failed in 
discovering at length, and generally from the highest source, the thread 
of soft and sweet water to be added to the growing stream for water 
supply. 

IjCt me point out the following, for exomplei — 



The Wey, at Guildford, which has a hardness of . * 9 
AtBlatead .. *. .. .. ..8 

Below the junction of the Bramshot river .• *. 9 

Above the junction of the Farnbam branch *. ..6 

Above the junction on the Bramshot branch .. 14 

At Farnham .. .. *. .. ..Id 

But turning up the Dramshot river at lieadley Wood .. 5 
At Bramsbot .. .. .. .. -• 1^ 

At Shotter Mill .. ., .. -• i 

The above shovrs what different results two persons making the same iiu 
vestigatioiis might arrive at. From Headley-wood to Bramsbot is scarcely 
more than two miles ; persons unintentionally, or for want of accurate in- 
vestigation, might coniider the water at Headley-wood the sample of greatest 
purity to be found, and go away with and disseminate a totally false impres- 
sion. I have reason to believe it will be generally found that the oppoi 
to the Board's proposition have^ from one cause or the other, model 
great mistake. 

The power of soils in hardening water is particularly evident when com- 
paring the water in a large pond to that in a well, which becomes hard 
almost in proportion to its deptb, A notable instance occurs at Tomlia's 
Pond, a collection of rain water with a few small springs in it, which has a 
hardness of only 2 degrees ; whereas, a well sunk close by for the conveui- 
ence of some cottagers has a liardnesi of 54 degrees. Again, Minley Pood 
has a hardness of only 1| degrees, while a well, sunk through the loam into 
the pure sand, has 3 degrees of hardness. 

The following is a list of welt and surface waters, with tbeir degrees of 
hardness: — 

WtUi. 

Hartford-bridge Flats, 25 feet deep «. ..44 

Ash-common, BO feet deep «. ., •• i| 

Pirbright-common, 20 feet deep .. «. .* 5 

ChobbamWeM .. .- .. -.5 

Swiuley-cottage, Easthampstead-plaio « . , . 5| 

Sur/aee Waterw, 

Ash-Common .. .. >* ..3^ 

Holt- pond .« .* •• .. ..24 

Dippeuhall .. *, .. .• ., S| 

Whitcmoor •• .. .- -- -. 3^ 

Aldershot .. ., .. -* ..14 

Canal, Reading-road bridge .. -. ..54 

Thus we see that waters stand for purity in this diitrict in the following 
order: — 1. Springs issuing from pure sands, — 2, CoUeciions of rain water* 
— 3. Water running through ordinary loamy soils, — 4. Well waters. 

How great is the loss of capital and labour expended on wells, which 
when made, what has been done ? A vast expense ii incurred to dig a hole 
in the ground to allow water to soak into impure from the mineral qualltiea 
of the soil ; what water ? — that which fell originally soft and pure, and 
which might have beeu collected on roofs, or by drainage of cultivated 
lands and led into a covered reservoir, and thence to tbe highest room ia 
the house. One gentleman with whom I am acquainted spent from 300t to 
400/. in sinking a well 300 feet deep, whence he obtained water of a bard* 
ness equal to that of Londou. 400/. would have drained from 40 to 59 
acres of his land and paid for a covered reservoir, besides saving tbe Ubeoi 
of pumping and carrying, the waste of the latter in the case of using 75 
gallons per day per house, amounting to a loss of three days' labour of one 
person in a week. The improvement of the land drained would alone bate 
repaid the outlay. 

A great economy in having water laid on to the top of a house txiiii 
from the indolent propensities of servants. Should there be two aopplie^ 
one of soft water, and aoother of hard nearer the premises, the aervaati 
will, 1 have frequently found, to save trouble, use the latter for all purpoaeir 
thus extravagantly wasting their masters' tea and soap ; the saving in Ibe 
consumption of which with soft water wouM aoon have paid the cost of 
laying pipes into every purt of the house. 

1 would point out the defects of storage reservoirs on gathering grounds aa 
now existing in some parts of this country. They collect the crude surface 
waters, always Uable to discolouration and thickening from dirt brought in by 
heavy rains, to deterioration in taste, to hardness from contact with tbe soil, as 
also by evaporation ; this last, however, being trifling as compared with the 
lirst, as we have already shown. Compare these results nith the propositloa 
of the Board. After the ground is once saturated, the rain-fall posses imme- 
diately through a natural filter of sand into the drainage pipes, which lead 
it away to storage reservoirs lined with tiles to prevent tbe water acquiring 
tbe mineral qualities of the soil, hence to a covered reservoir in the neigh* 
bourhod of its distribution, safe from the noxious influence of the impare 
aimoBphere of a city. The iuiportance of covered reservoirs cannot be over* 
rated when the evidence given by several eminent profesaors of cbymisiry 
before the Board is considered, although little more than every day's expert 
ence is needed to bhow that what is disagreeable on a small scale tuuat be 
very detrimental, oftca dangerous, in larger volumes of water. A tuBibler 
of water cannot be exposed half au hour without becoming warm, Tipidt 
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Mfld badly tasted; ti»d frism what cooAe ? Sirapl^ bccaote water has an tx* 
Inordinftnr capacity for absorbing the tmparitiet of the atiooiphere. 

Referring again to the plan of coUecting rain- fail by draining the Tandy 
heaths, I question whether it coutd in one case be carried out with adTan^ 
tage — namely, on the higher levels ; ai^ for inttADce, the creati of the Fox 
Hills and Chobhara Ridges, where the itraU of land are of a very loose 
nature. I lUiok that the surface once broken through^ the water would pass 
by the pipi^a. The area on which this would happen is^ however, not very 
large. It is very desirable to ascertain this point by trial works ; a few 
teres drained would satisfactorily aettte an important question. The Eame 
would occur in the lower level* were it not that nature has abundantly pro- 
vided a subsoil in the form of a crust or pan about 9 inches thick, composed 
of 3 inches of closely -packed pebbles and saod resting upon 6 inches of 
sandstone. This pan lies at a depth varying from 1 to 3 feet below the 
inrface; in some cases it is found beneath a few inches of sandy loaTn. The 
pipes might be laid oti the pebbles and sand iocnisted togethcPf which would 
bold the woter. The pan onre broken through the water would, 1 feir, be 
lost for ever. The cultivation of these heaths would cveiituaHy repay a 
large portion of the expense of collecting a rain-fall by drainage^ Mr. 
Hewett, a most intelligent farmer and land surveyor, from whom 1 have 
obtaioed much valoable information, aasores me that where this pan cornea 
near eootigh to the surface to be broken through, which is done at an 
expense of SL or 10/, per acre, and when properly manured, the cultivation 
pays. 

The only disadTaniage attending the Board's scheme, if in such an im- 
portant matter it may be deemed so, is the expense of the large lined storage 
reservoirs necessary to contain a six weeks' or two mODths* supply for a city 
of the giant proportions of London ^ otherwise the system is unique in sim- 
plicity and perftct adaptation for the purpose required. So vivid was this 
iflipreiaion on my mind, that on developing the idea of supply from springs, 
I eoncelved a method of adapting the principle to my own caic. Where the 
springs arc large^ 1 propose to inclose them in brick or tilea, but when small 
and numiirous I would prefer to gather them in one stream to be led away lu 
pipes ; but this must be effected on the pure sand, and great can* must be 
taken to avoid the mixture of surface-washing. In the case when leading 
away a stream of springs it would be liable to discoloratioa from heavy 
rains, I propose to provide a remedy by preparing at the point of dtver&ion 
from the natural channel a new bed for a short distance at a leas Inclination. 
The bed to be a trench with a pipe at the bottom, and filled up with small 
atones and sand, heather or heath being placed round the pipe joints. The 
ttream being led on this new bed will percolate into tho pipe bencathi. ^'hen 
the exlettt of the ground above the springs would expose ttiem to be choked 
ttp by rubbish and dirt after a storm, I would interc«;pt tho rain«fall in con- 
lour trenches with pipes underneath them also, and lay a branch to lead the 
water away to the main. I have shown both these plans as adapted to tho 
case of Farnham^hili, and a large addition might thus be made to the flow 
of the springs if desirable. 

Hereafter I propose to detail my arrangements of branch lines from the 
apring- heads, leading to mains termiuating on Wimhlcdon-common ; giving 
also an estimate of the expense of the entire schemeworks, compensatioo to 
mills, Slc, also some general information an the collateral advantages of a 
pure soft water supply — the results of some experiments I am making on the 
ftetion of sand ai a filter, and some qualitative analyses of the springs. 

The annexed plab is that of Farnbam-bill, reduced from the Tithe Com* 
miaaion plan, and tested as to accuracy. The blue contour line represents 
tbe level of the springs. I have gathered them together and gauged their 
flow as accurately as in my power. Their daily discharge is equal to 
81>7,393 gallons, ' 

The area within the contour Une is 571 acres. The available rain-fall 
from 22'fj5 inches per annum ; a mean of 30 years' register at the Military 
College, Sandhurst, allowing tbe uiual deduction of 14 inches for evapora- 
tion and absorption, is 279,856 galtona per day. The difference, then, 
611,11)0 gnllons, is the least l!gtire in favour of my assertion that the water 
In this hill is due to rsin.fiill clsewbere, for the rain on the hill does not 
percolate, but passes away. 

I assure the Board, however, that a careful collection of these springs 
would double their volume, and produce a daily discharge of l,794,7Sd 
galloni. This, then^ leaves a total of 1,^14,928 gallons above the available 
raiQ^fiill on the hill, supposing it all to penetrate. Tbe plan also shows the 
bill drained above the springs on the principle already alluded to. The 
tectiou of the pipes and their outfall is calculated in proportiou to the 
quantity of rain likely to fall in the shortest time, according to the prin- 
ciple laid down by Mr. Chadwick. 

In reference to mv idea of tbe cause to whkb these springs are due, I 
would mention that a notable instance of tbe kiud occurs in Hongkong, an 
Uland mountain of not 25 miles in circumference at its base, and of 1000 or 
12,000 feet elevation above the level of the sea. The quantity of water 
lOppUed from springs on tbe top of this mountain is notoriously far be- 
yond its ruin-fall, which latter, from the declivity of tbe other ground, is at 
once diicharged into the sea, as all who have been there are well aware of. 
The shore of the mainland is not further than two miles and a-half, but 
the range of mountains of equal and higher elevation, and which furnish 
tbe supply, are at a distance of upwards of ten miles. The rain.fall cannot 
find its way again after percolation ta tbe surface, and ii necessitated to ind 



its lerel by crossing the aea and rising through the Ikstires of the granite 

formation of Hongkong, The springs are rarely known to be a^eeted in 
quaniity even after a three mouths' drought in the island, the tbermomdcr 
often at 80"^ and upwards in the shade* 

Tbe advantages 1 propose to derive from permanent spriuga, that is, 
always preserving an average flow of stunmer and winter, over ^urfooe 
drainage^ arc twofold : — 

1. The continiiona flow from springs givea water of better quality ai %m 
aeration and temperature. 

2. An immense saving will be effected on the item of storage rcaervoira^ 
and, I helievCf a considerable snm in the diminished quanlity of excavation 
and pipage. Assuming that the suppliea from these springs do not mate- 
rially alter, no necessity can exist for storage reservoirs. A covered reservoir 
for two days' supply might be provided at Wimbledon-common to meet any 
extraordinary emergency ; otherwise, a main with a simple waste-pipc into 
the Thames would soffice. 

Too much importance cannot be attached to a constant flow of pure, cool, 
and soft water, brought direct without detention from the Hindhead to tbe 
attic of the highest boose iu London. How grateful will be the daily ute 
of cool soft water only 24 hours from a natural reservoir iu the depth of 
the earth ! 

1 consider I have realised, in a remarkable manner, the Board's enunciation 
— '* The nearer the source tbe purer the vupply." The whole value of the 
scheme appears to uic to depend on the accurate following-up of ibii 
principle. 

On consideration of the original proposal, there Is only one more point t 
ahall at present touch upon— namely, the great and scarcely estimable 
benefits of land drainage, not only to the soil, but to the inhabitants of the 
district. From the raia-fall, a depth in the year of 22'C5 inches (allowing 
aeren to be absorbed), there remains nearly 15 inches, or 1529 tons of 
water on every acre, impeding cultivation by diminishing the tempeniture oC 
the soil, by not allowing a proper circulation of air in it, and by causing a 
perpetual evaporation, not only injurious to health in itielf, but excessively 
wasteful of the heat of the atmosphere, a loss which in our damp climate 
is a very serious consideration indeed ; and it is only wbea the whole country 
shall have been perfectly drained that this ttigma of unnecessary and dan- 
gerous damp will be elTaced from our registers of temperature. 

Again, experience has satisfactorily shown {tide the Report on the Walec 
Supply) that the low temperature of und rained land is the chief cauac of 
scanty and poor crops, and inferior growth of timber. Iu an eeoooimMl 
point of view, it Is most ueceit»ary then to remove this noxious agency. 

Having given the results of my observations in detail, it may be now 
proper that I should state my opinion of their variance as compared with tbe 
conclusions enumerated in tbe report, which diffiereuce I attribute to the 
limited investigntiou of the subject. 

Generally, iu all points bb applied to the quality of water, its advantages 
in econumy, its benelicial influence on health, &c., my experience not only 
distiuctly confirms the views of the Board, but has eticltcd further illustra- 
tions, in respect to which I hope shortly to have the houoor of addressing 
them. This information I have collected from persons of all classes, me- 
dical men, manufacturers, farmers, tradesmen, peasants, Stc, oil of whom, 
in their different spheres, have given me valuable evidence on tbe subject in 
question. 

The results of my experience are as followa :— 

I, With respect to the quantity and quality of wnter to be derived from 
the gatheriog.groundi, in whatever method of collection — the report givett 
2!J,00t),00O of and nnder three degrees of hardness. My results give 
40,000,000 of and under one degree, and 10,000,000 of and under two 
degrees of hardness. This improved quality is gained by my development 
of the principle of taking the water from its source (that is, where it issuet 
from pure sands), and leading it away before it can be affected by contact 
with ioils. I beg to express my conviction that the purity will depend 
entirely on the careful execution of the work ; it would give, to recapitulate 
its qualities, 40,000,000 of water, of primitive purity; perfect as to aera- 
tion; of a grateful temperature, about :iO degrees; brilliant in colour ; toft 
almost as distilled water; and almost free from all mineral, animal, and 
vegetable impregnation, sufficing for the supply, at the estin^atc of 75 gal- 
lons per house, of 523.156 bouses. — Tbe 10,000,000 of and under two de- 
grees of hurdneas are derivable from sources rising in sands not quite pure. 

II. By the direct means of collection from springs, instead of the exten- 
live system of land drainage originally contemplated, very considerable 
saving of expense would be effected : — 1. In the less quantity of pipage 
required, and, Gons<^quently, of labour expended. 2. On the item of the 
Urge extent of storage reservoirs, originally required to provide for summer 
months, periods of drought; and which, by my plan, would be unnecessary. 
3* On the reduced claims for compensation, especially ai no breadth of land 
would be required to be taken up. In fact, after collection, on descending 
into the lower levels, the mains would lead along and just outside the lines 
of railway. A mere underground right of way— *a pipe-laying easement — 
would be required. 

A r«nifn/of the above then gives, in favour of the plan proposed— I, 
<Sreater certainty of supply* 2. Superior quality. 3. Greater abundance. 
4. Greater speed of execution of work and appUoattoii for service. ^, 
Greater economy. 
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Shoulil the future eiigenciefl of the metropolis require an increased supply, 
it may &tiU be derived not otily from land draiuagc of raln-faJl oo the pure 
Bands beneath the level of the lourccs now proposed, but also to a great 
extent ahore them. 

In conclusion, t would remark that it miglit be eonsidered desirable to 
allow thetowoa of Guildford, Richmond, ^c, and the different viUages on 
the line of water supply to London, to partake of the aUvantagea proposed 
for that city. The firit of these fiiHers severely from hard oiul eipnnhive 
water. Of course they would have to pay thtir proportion of the rate to he 
levied to roect the eipenie of the works, which I hopt shortly to be ahlc ti* 
ithow will not, for in increased, continuQuatpure supply of soft water^alhigb 
presiure, exceed a fraction of the sum now levied by Ihe water compttnies 
for an impure, bard, and defective one. 

I have ihe honour to be> my Lords and Gentkmen, 

Yours obediently, 

William Napier* 

be General Board of Health i Gwydyr-bonse, Whitehall 



IMPROVEMENT OF THE TOWN OF LIVERPOOL, 

In June last, the council advertised forplan« for the improve- 
jfient of the streets and approachejs; of the town, and the laying out 
of the unoccupied land*^ in its immediate vicinity, offering a pre- 
mium of 50/. ff»r the best one, and 25/, for the second in piunt of 
merit. By the end of August, twenty-three plaii8, with explana- 
tions, were sent in, all of which are now on view in the Council 
Chamber. The first premium wus awarded to Mr. 11. P, Horner, 
who adopted the motto of *^ Rus in Urhe," and the second to Mr* 
Henderson, "'Curator," Both gentlemen are architects practising^ 
in that town. The suggestions and plans were suhniitled at the 
lai»t meeting of the counciL 

J/r, Horner Jt Plaiut^ 

*"* In submitting the suggestions indicated ou the accompaDy- 
ing plauH, I should wish, in explanation of what may at firsrt sight 
appear the rather sweeping character of some of them, to mention 
the general idea under which they were laid do^vu, viz., that taking 
the terms of the requisition in their fullest sense, 1 «<<hould endea- 
vour to form such a plan as would serve for my own guidance, sup- 
posing myself responsible for the progres^iivfi improvenvent of the 
town and its envircms to the greatest extent which circumstances 
might successively permit. 

*' Such a plan, prepared with the most mature study, and revised 
from time to time, should, in my opinion, be kept by every public 
officer under such responsibility with respect to any large town, in 
order that the conclusions as to what would be desimble, when 
possible, might not be lost sight of, but, as leases fell in, buildings 
were removed, or land brought to sale, such opportunities might 
he seized for the improvement of thoroughfares, and such other 
alterations as would conduce to the couvenience and comfort of the 
inhabitants. 

*^'The general aspect of Liverpool presents several ohvious points 
for the application of such a system of persistiag improvement, as 
few large towns bear more distinct marks of having been laid out 
with little view to the pndmbility of its increase, and in few have 
more opportunities been missed of correcting original errors at 
later periods of its progress. 

'* Among the most striking defects in these respects are to he 
observed the cutting off of leading thoroughfares at particular 
points, as if never to be extended, and sometimes closing them 
with a public huikling—a church and its burial ^ound for example 
— with perhaps a long cross street behind it, affording, for a great 
distance, no outlet in the direction of the main street. 

** Again, we find that the districts to the extreme north and 
south have been laiil out almost without reference to their con- 
, laection with the centre, forming distinct systems of streets within 
themselves, with in each hut one main connecting tliorou^hfare 
with the central part of the town, and that adopted only as follow- 
ing the tortuous course of an ancient roadway. 

'* Fuf ther, Me may notice that the naturjil and easy method of 

faining a summit by traversing its ascent in a diagonal line, hai 
een lost sight of, and a steep rise breasted at a right angle, and at 
the same tin^e cunimunication made more difficult and tedious by 
series of streets traversing the length of the slope, with such fre- 
quent interruptions of line as to disfigure, and, to appearance, 
contract the extent of the town to an extraordinary degree. Tne 
crowning evil consists in the manner in which purchasers of laud 
in the outgkirgt« appear to been allowed to lay out their streets on 



any plan (or no plan) as might suit their own fancy and ignorance, 

causing irremediable confusion when the intervening space comes 
to be tilled up, and increasing in a tenfold degree the almost neces- 
sary ugliness and discomfort attendant ou the existence *>f that 
space of debateahle ground between town and country which com- 
monly surround an increasing and populous town. 

"One or more of these considerations will be found to have 
leil to the adoption of the several proposed alteration*? shown in 
my town-plan, in addition to the wish to open out some public 
buildings ^now scarcely to he seen but on a close approach;, and 
to give an increased number and length of yistas — points ori which 
beauty and magnificence of effect in towns confessedly depend, 

**A8 regards the apj^roaches, my attention has been mainly 
directed to the connection of roadways at present detached, 
straightening those which are inconveniently crooked, providing 
for their prcibable communication with existing or proposed streets, 
and, above all, securing one of the best provisions for the aan/art 
and health of an immense population, « bflt of gardeu or park land 
bounding the present extent of the town, and insuring the inter- 
position of a stretch of comparative cmtnirtf between the existing 
buildings and any more of a town character which may be needed 
in after times for the growing community. 

'^It is satisfactory to know that the corporation have of late 
years taken decided stejis towards this last most necessary object, 
while the liberality of one generous man has set Jan excellent ex- 
ample in the SEime direction. Much, however, remains to be done, 
and it is with the hope of calling attention to the point that 1 have, 
so far as circumstances permitted me, shown how I think many 
tracts of, as yet, unoccupied land, may be made avnilabie for the 
use arjd recreation of all classes, 

" The boulevards of Paris and other continental tovt^ns^ are 
acknowledged as greatly conducive to sanitary ends, and the sub- 
ject, as is well known, has been taken up with much energy in 
London, where the feeling now prevails to secure for this piirpose 
as much as may be of what land is still open; though the manner 
in which the town has been allowed to extend witliout this whole* 
some interruption throws great difficulties in the way, as will be 
the case in Liverpool, if speedy steps ai*e not taken in the matter, 

*' The health of the population would, in addition, be benefitted 
by the opening up of lines of street terniiuating at the quays, and 
unobstructed by warehouses im the dock sides; and some such 
streets, crussing the rise of the hill diaffonaUji^ I have shown on my 
plan, and I do not know a point in which more has been lost to the 
good of the town, (through wimt of a better system of forming the 
streets,) than this important one of ventilation by long vistas from 
the river, 

'■^ Before referring seriatim to the several projects Included in my 
scheme, 1 would observe that the legal powers required for such 
imp^rovements can scarcely be less readily granted than for others 
of a more extensive and less benevolent character; while the diffi- 
culties which might be anticipated in gaining the co-operation of 
the large owners of land, involved in these cbangesj are to be met 
by the considerations of mutual benefit, which may sjifely be urged 
in their favour. 

"The distinction between corporation and other property being 
scarcely traceable {in the plans furnished J even in tlic suburbs^, and 
not at all within the town, the suggesteu alterations could not be 
guided bv them, nor, it is presumed, was it expected that contri- 
butors (Kt designs should enter into such particulars, as the labonr 
and expense attending the necessary inquiry would have been such 
as to deter many from competing." 

The report then details 2^ suggestions tor the improvements of 
the town, and for the formation or enlargement of eight parks in 
the environs. 

*'In conclusion, 1 would observe that, though the space of ground 
occupied by the proposed parks appears great, it must lie remem- 
bered that their formation would necessarily be extended over a 
considerable period of time, and in our climate, and so near the 
sea, single rows or avenues of trees will never thrive in the same 
degree as shrubs and plantations will, which naturfdly shelter and 
protect each other from fmr cold winds. 

**^The strong probability that the town will eventually extend 
itself in lengtii along the river rather than in lireadth (cr08«jng 
the natural boundary formed by the ridge to the east), has aim 
led me to confine my proposal to tblB line of garden land as best 
iiuited to English tastes and habits. 

**EiTs IK tlaBfi," 
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P&OOEBDINGS OF SCXEM'TZFXO SOCZETXCS< 

RdVAL INSTITUTE OF JiRITlSH ARCHITECTS. 

The lii'st general meeting of the Institute, after the recess^ was 
held on November Ith, at the rooms of the Institute, in Loner 
fifosvenor-street. In the nhseuce of Earl de <irey, the [^resident, 
the chair was taken by ^Ir. Fowler, one of the vice-presidents, 
who in congratulating- the members upon their meetiiii; together 
iigain, mentioned, in reference to the prospects of the en*tuin^ 
session, the Great Exhibition of IS^l — an event whicfi could not 
fail to he of the greatest interest to tlie Institute of Architects, 
It would, doubtleHs, brin^ to tliis country a large number of the 
distinguished men of science abroad, the nam en of <iome of whom 
were enrolled m their lists as liononiry and corresponding^ members; 
and the council had not forgotten t(» take into ciuisideration 
arrani^ementa to ^ve their expected visitors a befittiug and cordial 
reception. 

Professor Donaldson, the corresponding secretary, in laying upon 
the table a collection of works presented to the Institute during- 
the recc'^s, likewise made a particular reference to •^Suj^-fi^cstions 
for the Improvement of the Lord Mayor s ^how', by Mr, George 
Godwin, In alluding to useful communiiations. Professor 
Donaldson expresssed his gratihcatiou that a French trajislation had 
been officially made of the paper read to tlie Institute last scgfiion 
by Mr. IJenry Roberts upon **the Improvement of the Dwellings 
of the Labouring Pmir/' {D&s Hubitatioiui dfx C/(un(eft Onvrknt; 
(ratttiit et pnhfn' lutf itrdrfi du FremdeiU de la Rt'puhfiquc: Minh/ttre 
tie tAgrhiiUure et da Commcrct;^ 1850.) He dwelt upon this as a 
fact which proved tlie government of France wu« very prnd(?ntly 
turning its attention to the unitary and social comlitioii of thi* 
working clashes. 

Mr- James Bell, Fellow of the Institute, read a paper "On the 
Remains of the Architecture of th« Roman Proviii«iefe|'* wbloli we 
have given in full at pn*^e ;i7H. 



INSTITUTION OF CIVIL ENGINEERS. 

jYoi?. 12. — Willi AM CofjiTT, Esq., Ptesid*;nt, in the Cbair« 

The Mlowing paper was read ;^ 

J comparative piew qf ih* recorded Erploiiowi in Coai Afiim. By Mr, 
William West (of Leedi), Assoc. last. C*E. 

Tbe Reports of Faraday, Lyell, De la Heche, PUyfair, aad others, were 
carefally a aalysed and tabulated, from whicii it appeared that teadeucieg 
towards a daogeroait iroiiditjoa existed in miaes repuled to be compara* 
lively safe, a@d ihat iht^c teadtfucies were so uuttmronSf and varied so 
saddealy in lht;ir aatore and exteot, as to secesiitate aUeatioa to every 
Kiod of precaution. 

The pmposed appointmen!, by the governmeDt, of Inspectora of Mines, 
WHS aoliced, not witb the luteatioo of ehowiug that their superviaiaa 
would diminish the reFptiu^ibility of the miniiig engiaeers aad ov<?rmiU)^ 
but of deinoasirutiiig, that by eblabliabiai: more coustaat coiuniuiiiculiun 
between the various dbtrkts^ they might induce ihe general adoptiiui of 
tbo&e measures of precauUou ^\-hick were founil ia ccrtaia minej to be so 
efficacious io avertiog accidents, or in afTordiug nocaus of safety whea 
tbey did occur. 

The differvDt deplhn of mints, vary in ji from seveaty-five yardaal Darley, 
la three haodred yardt» at Ha»welh did not appear io have any inUuenceoa 
the accideots. Tho tetidency to the eniissioa of tarbu retted hydrogen gas 
from oertain sesnis, would Jiave appeared a more raiionat reasou, though 
the records did aot appear to bear oiil thsit iheury^ as miavs receiving a 
tolerable character, had heea the scene of repeated explosions; for in- 
stance, the Jarrow Mine, where, aUhougb reported " to be aot very fiery,'* 
there had been six ei plosions iu the course of tweaty-eight years, aod oae 
hundred and forty persons bad beea killed. 

The Ci»mpatibility of general good veotilatioD, with the occasioual oc- 
currence of the most fatnl explosions, was pttrticuhirly dwelt oa. The 
witaesses oo the inquests after the Haswjil aud the J arrow accidents, 
agreed that tbe ** verailatioo wag perfect," ** the pit foU of air," and " the 
air quite good, aad plenty of it." Ttie faulty tbeo, did oot tie ia (he 
quantity of air, but rather in the difficulty ot directing it so gtinerally 
(tiroughunt all parts of tbe miae, as to sweep away tbe gas as it was pro^ 
duced. The ^^splits,'* for the air were ooticed, and the condition of the 
goaf, the pockets of K^» formed io the roof, and the suddea irrupHons 
from tli« occasional falisi tu the goaf and old atallei, were divelt oa at greut 
Iftigth, and, combined with the injudicious use of uoprotected lights, and 
liability of accideut to tiie lamps, were shown to have been the probable 
CAuae of all the explosions. The niinert^' tamps were passed over some- 
wbtlt toocuraority, as at the present momeot^ whea so much has been done 
lor their improvemeut, that part of the subject might have bcea descanted 
oD with advantage. 



The precantions for saving lifo on the occurrence of accidcDts, such as 
abolishiag brattjced shafts, aad sinkiag a pair at each niioe, at such dis- 
taoces apart as sbootd ensore ooe reroaioiug lotact, incase of an cxplo- 
sioa iojuring the other; tbe ** scaling off" of a portiou of the fresh air for 
the exhanstiag furnace, aad cotiducling the return air into th.- upcast shaft 
at some height above the fire ; together with several miaor details for in- 
aurJDg tbe coustaat working of the exhausting apparatus, to draw oil tbe 
fatal ** after-damp, or choke-damp," were stroagly iasisted on. 

Tbe rashness and carelessness of the miners was iastanced on with re- 
gret; but it was ibown that by education aod good example, their bettor 
qualities must be brought oat, a^d that then, the best safeguard against 
accideut would be the iastiactive love of life, and a knowledge of impending 
diinger froai the iafringeineut of auy of the precauliooary regulations 
established In the mines. The ImprovemeDt of the workmen was, there- 
fore, strongly iosialed on, as more real benefit would probably result from 
such measures, thaa from the appointment of a host of government in* 
fpectors. 

The paper was illustrated by large diagrams of the author's views of 
the forms of " goaf hollows '* aad ** goaf basous," atf well ts by sei erftl 
plans of minesj &c. 

The President reminded those gentlemen who had recently joined the 
Inslitutioo, of the eogagemeat they had catered into, to present original 
communications, or drawings, &c,, aod urged upon the in cm bets of all 
classes the necessity of fu rnisbiog good paperSt so thot the i merest of the 
meetings might be sustained ^ aod tbe usual discussioas he promoted. 

*Vor. 19.— William Cubitt, Esq., President, in the Chair* 

The subject of the paper read was •* The Ventilaiion qf CoUieriei, 
theoretically and practically cotmdered" By William Price Struvc, 
(of Swansea), M. Inst. CE. 
The author couimeuced by sbowiog that the general principles which 
\ ought to guvern the veotilatiou of collieries, werc-» 

1st. That a current of air through the chauaeU of colUeried, al a velocity 
of five feet per second, was sufficient for most piirposci. 

2nd. That a current exceeding that velocity would oaly be attained a 
the expense of leakage aod other evils. 

3rd. That in order to obtaiu the requisite supply of fresh air, the chan< 
nets of a colliery or mine ought to be enlarged, according to the exigency. 
In the process of laying out a mine, a subdiviaioa occurred by which 
the workings were apportioned into numerous compartments, which faci- 
litated the system of splitting tbe current of air, or diverting it into 
numerous channels, giving to each compartment a separate, and, therefore, 
more effective ventilating force ; at th© same time the area of tbe channel 
was enlarged, and the aggregate length of the air tube shortened, so that 
it was quite practicable to pass through the workings of a mine SOU cubic 
feet of air per minute for each man employed, 

Tbe velocity of the air curreat iu a mine was so easily afTdCted, t 
was important to consider by what accidents, aod under what c!'^^ >^ 
atancei, any changes took place. Ircum" 

It could not b? su^jposed that the excavated Bpace of old workings was 
completely filled by the '* falls" of the roof and ** creeps" of the floor; 
exteoaive rupture of the stratification occurred, and throup;h this broken 
tp'Oiiod great leakage must take place. This would ferioualy atTect a long 
contiuoous air courbC, therefore, the way to meet ihti^ diOiculty was to 
split, shorten, and enlarge the air channel. The details of two experi- 
tneutft at the Kaglesbuab and Vuia David €-ollieries, where the air wa^ 
pumped out by Mr, Struv6's Mine Ventilator, showed that a Itirge propor- 
tion of the air was drawn from tbe old wurkiogs, and the *Vgoiif," or 
broken ground surrounding the colliery, and cliil tml u>mv dmvu the intake 
shoft, and traverse the actual workiogs, as it ought to have doj^e. 

In Ijoth these ca^e^, tbe enlarging and splitting of the air chanaeU, so 
as to reduce the velocity of tbe air to about three feet ur faur Icet per 
secoad, would have produced most beoeficlal rctstiUs. 

These principles were shown to have been lost sight of in the majority 
even of the great collieries, and the power of rarefacttoo by a furnace was 
trusted to for dragging the long culumu of air over and through inaunie- 
rable impt^diments. In some cases (bis was left to be produced tiv the 
increased temperature of ihe mine, from the candles, and the respimtjnn 
of Ihe loen^ aided by ihe cooling etTect of water trickling down the intake 
shaft. These scarcely sufiii:ed to produce an average djflTeri^nce between 
the two shafts of ihirteeu degrees iu winter, whilst in the summer, aod io 
curtain stales of the atuiosphcre there was no ittfference at all, and, conse> 
quently, little or liu veniilaiiou. Wnere rarefactiou by heat was Used, the 
temperature in the upcast Bhaft viiried from ninety degrees to oue hundred 
aad sixty degrees; this, however advaolageous for ventUiiiioR, was 
injurious to ihe shaft itself, aod absolutely daugerous to the men who had 
to traverse it. 

A cotiipHrisoo of the dimensions of the air passages and the velocities of 
the curreois io numerous collieries, led tu an estimate of (he motive power 
required to produce the results attained iu the best ventilated mines, in 
case of the empluynieut of a stesm-eagine and air pumps. This power 
would have varied between 23-hor8e power aad 2Ci horse power. 

The elbiiency of furnace venidatioo was always iucr»*9ised tiy the depth 
of the shafts, especially if they were entirely devoted for the purposes of 
ventilatioa, irrespective of the working of the pit. 
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The expmmeoU of Mr. NichoUs Wood^ Mr. G« Eltiot^ Mr. H, Vivian, ' 
ftod other minint; engineers, were then quoted, to demooBlmte Uws ioflufli- 
elency of the " btcam jft,'' as a metkna of promoting ventilation, sbowio^ 
that it Has a tnost vkasteful application of. power, when compared with 
the steam farce employed to work Strqvd's Mine Venlilator at the Eagles- 
bush CoIJiery. This^ apparatat consisted of two hollow pistons, resem* 
bling large ^aiometera planging into cisterns of water, aod having inlet 
and ootkl valves. The pistons received alternate motion from a small 
sleHm-en^iDe of 6- horse power; and being filled and emptied at each 
revolution of the crank, produced a regularity of current and a degree of 
copious ventilation hitherto unknown in the mines tu which they bad b««n 
applied* The small cost of their establishment — onl]^ about one hundred 
pounds fur an extcosive mine — joioed wilb the little liability to getting 
out of order, was much in their favour. 

The paper terminated with copious extracts fbam the able mining 
reports of Mr. John Phillips and Mr. Reoyoii Blaokwell^ oonfirming all 
the positioQji assumed by the author. 

Nov, 26. — The discussion upon Mr, Struv^'*a paper occupied the whole 
of this evening, and will be resumed on Tuesday, December 3rd, 

We uuder&laud tbitt a Telford medal io silver has been awarded to 
6* B, Thorueycroft, L^q.^ of Wolverhamptou, by the council of Ihe lasti- 
tutloD of Civil F.ugiiieeri, for his paper ^^ On the manufacture of malle- 
able irou, ond on the strea^th of railway a&les," read during Ibe session 
of 1849-50. The medal will be presented at ibu aoouaL meeting on Tuea- 
ilay evening, the 17th of December next. 



ROVAL SCOTTISH SOCIETY OF ARTS, 

This Society coiumenced its anuuul sitiiui;e un the t tth nU., io its new 
and commodious ball, Oeorge Street, when Thomas Graingeri Esq., C.E., 
Ihe President, opened ibe sessiou by an eloquent address. 

The fuUowiag Pujer waa read : — 

"An Aci^ounl of the Cklmm'if ttf the Edinburgh Gn»*Work§^ toitk Obner* 
vmiioMQfi the Principles tif tU Strength and Stabilitij^ By GEOttfifi Bd- 
CHAKAN, Esq., F.a,&i.C,, C.E. 

In Port 1. of Ihie paper Mr, Bucbattan gave a very Interesting accoutit 
of this remarkable struct ure» and the pnociples of its strength and sta- 
bility. It was one of the workE particularly alluded to by the President 
in his interesting introductory iddre^s last year, and of which he thought 
it important that the Society should hare some account; and Mr, li« 
having been professionally connected with the work, had much pleasure, 
at the Pre5ident't> request, iu now stating what he knew of it, Haviog 
commuuicatt^d also ou the subject with the Ga« Company, Mr. Watson, 
the manager, was most ansioos to give iuformatioo and every facility in 
his power to forward the great objects of the society ; aod Mr. Taylor, 
the engineer of the works, und by whom the chimney itself was designed^ 
has made out a detallpd deiicriptiou and drawing, showing minutely tbci 
dimensions and structure of every part of the work, and which he now 
Inquests Mr. B., along with his paper, to present to the society. 

It was about the year 1848, owing to the extension of the works* that 
It became necessary to obtain increased chimney accommodation, both for 
iDCreasing ibedrau^lit of the furnaces and for carrying ofi* the smoke and 
Tftpours from the works, and clear uway from the neighbourhood by raising 
the chimney to a greater height. Three chimneys were then on ibe works, 
the highetii of them risjag I4d feet, and not exceeding 2} feet square 
internally ui the top. These gave vent to the smoke and vapours of GS 
furnaces, heating ITS retorts, but were inadequnte to work these effec- 
tually, and to give proper ventilation for cooling and purifying the retort 
houses for the comfort of the workmen, still less to meet the eitensioos of 
the works ihea contemplated and since executed. Instead of cootinuiniC) 
however, Ibe gysiem of small and low cbimaeys, and adding to their 
number, the plao came Io be considered of raising one single chimney, 
safficienlly large and lofty to receive the Hues from all the furnaces, aud 
by one powerful culumo of healed air (o work these, and any contemplated 
txtensioos, iu a more elTectual maoner ihau hitherto, and so as to super- 
sede the others and render any addition unnecessary for a long period. 
The idea had been acted un in some works already, and the mugoiQcent 
chimney of St. Koiio^ chemical Works furnished a favourable example. 
No way deterred « therefore, by the anticipated difiicullies^ or the i^reftt 
oust of the undertaking/ seeing especially that it promised beneficial 
rcsalts to Ibe public, the directors deterniiut^d to proceed wnb the plans 
made out at their request by Mr. Taylor. Having previously, however, 
requested Mr. Buchaaan^s opinion and advice thereoti, be then carefully 
considered the whole suhju^ci, approved of Ihe general design, and sug- 
gested only slight modjjicutiyns ia the foruj of the column and other points ; 
but to Mr. Taylor still b^'Ionged the merit of the design, which he Ihought 
was great, as well us bis talenls and skill in superioteodiiig Ihe work. 

Mr, B. then proceeded to state from bis reports some of the factd and 
principles regarding the work, which apply generally to all simitar under* 

* The wbofa eoft of the work hint bmrn UtUa thort of JSOODI, Ona of much l^si mftfnt- 
toAt would Kftve bevQ ■■tiffldeiit for immisllftiD wssts— but alter due eooilderslkta they 
thQUgbt it befl to do the plsn cfllsctuslly »X once. 
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takings. And, first, in regard to the form of the strncture, whether round 
or square ; the squure had been usually adopted in Ihe works, but in ibe 
case of an altitude from 300 to 400 feet the round form was decidedly ta 
be preferred, as presenting a less efl^eclive surface to the wind, whoM 
violent action in this quarter it was important to diminish by e»ery means^ 
The efTect of the wind on a cylindrical surface as compared with a square 
had been calculated by theory in the ratio of two to three. This is the 
Law of Resistance so beautifully demonstrated by the commentators on 
>ieivton*s Principia. Subsequent experiments had proved the effect itm 
the globe and cylinder to be, if anything, rather less thau theory, so that 
we are quite safe in taking it at J ; the result is, that with 300 tons, for 
example, acting on a square tower, we have only 20U on the cylinder of 
the same diameter, which ia moat malerial. The bricks also, by being 
moulded to the circle, can be built and bound logeiher with all the strength 
of the arch. On the lower part of the building, again, which is less ex- 
posed, atidtobebuiltof atone, the i^quare and pedestal form are preferable. 

Secondly, The building being intended to be 300 feet and upwards ia 
height, tiie question arose how fur the ordinary brick could withstand the 
pressure arising from so lofty a column* This difficulty was provided for 
by the increasing ihickae^a of the walla of the chimney from the top 
towards the bottom, whereby ihe incumbent pressure being distributed 
over a larger and larger surface iu descending, was dimioished in propor- 
tiou. The whole height from the foundation to ihe top is 34li feet; of 
this 77 j feet arc occupied by the foundatiou and square pedestal of stone, 
and 2(^ feet by the brick<work, the thicknest^ of which was diminished 
towards the top by five successive steps. The upper division extended BS 
feet down, and was 15 inches thick, and the ioleroal diameter U ft, 4 in- 
at top; the 2ndd]visfoQ SB feet and ^0 inches thick ; the 3rd, 48 feet aod 
^ inches; the 4ih, 40 feet aud 30 ioches; and the 5th, 35 feel and 15 
inches thick, and internal diameter 20 feet. On calculating Ibe weight 
and pressure on each of those divisions, on the first it was found not to 
exceed 41 tons on each square foot ; in the middle it increased to 7 tooa, 
and at the base it increased to 8 tons on each square foot. The strength 
of ordinnry brick being estimated at from 20 to 30 ions, ihe work seemed 
within the limiU of safety ; but on Ondiog that a compositioo brick couUl 
tKs obtained iu the neigbbourlicM}d,from the brick works of Mr. Livingstoo, 
of Joppa, of much superior streuglh, Mr. Buchunau strongly recommended 
these, and also sufr-^reBi^d experiments on their strength, of which he 
would give farther details ou another eviniog, but found the first specii 
tried bore at the rate of 440 tons to Ihe square fool, a degree of sin 
almost incredible iu such material. The results of ihe other experimi 
were somewhat similar, and all such as to set at rest any fears 
result. In regard to ihe suflicieucy of the foundation itself, although this 
sustained Ihe whole mass of the building, amounting to 40(KI tons, yet Ihe 
weight being spread over the entire area of the solid base, 40 feet square, 
it did not exceed 2^ tons to Ihe square foot. And the material consisting 
of very hard till or blaes, of pretty equal solidity throughout, this ap> 
peared to form a good and sufficient fouudation ; and iu order to be per* 
feclly secure, the ballding at one of the angles was carried deeper thoa 
the rest, to obtain the same hard and solid bearing Ibroughout. The reaolt 
of these precautious, it is now very salisfactory Io observe the atructunB 
standing perfectly upright and entire, without a crack or flaw of aaf 
descriptioQ to be tcund iu it. 

The next object of importance that came to be considered was Ihe eiTect 
of high winds on the building. From experiments, it wa& calculated tJMt 
the force of a storm or tempest is equal to 12 lb. on the square fool of rar^ 
face directly exposed; a great storm 18 lb., a burricjkoe 30 lb., and ooe 
capable of teariofc up trees and oversetting buildings, 50 lb. There is ao 
jastance, however, of such a hurricane occurring in this country, and we 
are quite safe in assuming 40 lb, per foot, or 90 miles an hour, aa Iht 
utmoijt power of the wiud in this country. The French engineer, FretneJ* 
in au interestiag memoir on the stability of Ibe lighthouse of Belleisle and 
various oilier lighthouse structures compared with it, has assumed Ibe 
force of Ihe wiod at 5.> lb., agreeing with Ihe estimate of another engineer, 
Navier; but this is evidently much beyond Ihe truth, and the effect was 
to briDg the gas-chimuey in Paris below the zero of stability, although it 
stands as yet quite secure. Coniiider only the bumau body, which presents 
a surface from four to six feet square. 8ucti a force of wiud would be 
equal to a pressure of from 200 to 300 lb,, and the power to overset at 
least equal to 500 Ib^, which no odo could susiaio for a moment, and even 
the ordinary ittclosure-wulls or chimneys would be immediately prostrated 
by it. Besides, it appears from observations of wiud gauges, and particu- 
larly of one by Mr. Adie of this city, that the greatest force indicated on it 
for several years was only 14^1b. ; and another guuge, kept for several 
years at Oranton Pier, and now at the Observatory, uever indicated more 
than ]8| lb,, and this was at liraotou on the OlU aod 27th of April, 1847, 
If wc alluw 40 lb., therefore, we are quite safe, Ihi:^ being nearly double 
what ever occurs. 

Another |>oint must be kept iu view, that ibe tendency to overset Ihe 
structure is greatly increased by the altitude, and this in fact exactly io 
proportion us the height exceeds the breadth of the base. It might happen 
also, if the strength of ibe difTerent purlions of the column were not duly 
proportioned, that it might be overset, uot at the Imi^e, but at some inter- 
mediate point between it and the top. Applying iliese views, it was fouad 
that in the upper division, 83 feel down from Ibe top, the force of the wind 
was 14^ ton.H^ and this iucreased by the height and narrow btee to 70 toos^ 
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vtfiik the actual weight was 370, giving a preponiJerauct) of stabUity of 
31 to I. 

Taking; tbe middle divisioD, 189 feet from the top, the A)rce of the wiod 
was 'it lyi)^, and Ibifl iDcreasi>d by iittitude to 31S tiitis; but the weight of 
th« f inictufe beiog 880, there slill remains a preponderance af stability of 

At the base of the cotumti the force was 63 toas, increased b; height to 
AO leas thuQ 630^ while Ibe weight wa« 1070 tmst giving a prvpoodcraoce 
of 2} to 1 1 or rather less tbaa the other poiuti, ^nd showing that tiie 
column coiild out overset but at tbe base* 

At the bttse of tbe pedestal ^ agaio, tbe stability was fully greater^ beiag 
3| to I. 

These resalla appeared very saliafaclory, aad Ihe eiecutioo of the virork 
has fllrikiogly conbrmed tbem. The slubiUty ami steadiness ot the ctiim- 
tieyi eveo in high wlodtt, is remarkabte; and while tha old i;hiiuaey, which 
is OQt half the altitude, is seea ascillating most sensibly by the naked eye, 
it ia dtfliciilt to detect the gmallest movement in the oiber by accurate 
telescopic observations with the theodolite. It is only in a violent gale, 
such as occurred on November Tib, that even a slight degree of oscilla- 
tioa could he distinctly observed. And when we consider how very usual 
it is forstructurL's of this kiud to oscillate iu high wiuds(aud even some of 
the lighthooses, which are of a more solid character, are not exempt from 
it)» it is a siroog proof cii the strength of the work. 

Drawings were then exhibited, and the comparative stability calculated 
of the small gas cbimney, and of several other chimneys here and in 
France, all which were considerably below the pres^ent, and the French one 
pronounced by Freanel as gbowiog great hardihood— also the relative pru* 
portions nod heighlia of some ligbtbou»es; and lastly, a compariaoo was 
made, and drawings eihibijcd and deecribed of the great chiinney of 8t. 
Holloit, 45A ft'Ct iu heiRht^ and consisting externally of a single cone taper- 
ing front tbe base to tbe summit, but not quite regularly, 4t feet in diameter 
at the ba.se, and 13 at Ibe top* The walls are in live divisions, lucreasing 
io thickness from top to bottom* 

Another aource of danger to be guarded against id these chimneys is 
the iateaa« beat which often arises from the furnaces, and the powerful 
draught of the chimney. As a protection, an interior tube or chimDoy ts 
genernlly buiU of brick standing clear of Ihe outer chimney, and on which 
tbe effects of intense beat may he eiipeuded before it reaches the main 
exterior cbimney* This is very eOectual, but fiill the heat is great in 
issuing from Ihe inner chioiney, which should not be carried too high. 
In the present case* tbe inner cbJminey,13 feet diameter, and lined with 
ire-brick, rises only TO feet, and ihe walla of the chimney b*;iog then 
3d inches thick, present great resistance ; but as an additional precaotion, 
he reeommeoded near this part, hoops of iron, vthich have been carried at 
intervals of 35 fr*et all tbe way up wilhiQi and iuclosed by the brick- 
work, so that thpy are not visible. 

The only point remaining to be considered, and to which Mr. B.*s atten- 
tion was particularly called, was tbe expediency of protecting the build- 
ing by a lightning conductor. He had formerly, when the old chimney 
was erected, been consulted as to this, and considered it unnecessary, the 
height being moderate, uud doubts heiti^ then entertained of tbe e 111 car y 
or expediency of such iuEitrumeols. Much, however, has since been 
itdded to our knowledge and experience on tliis subject, and on the heoe- 
ficial operation of conductors ; so that he had no hesitation, the altitude 
also being so much greater, in recommending it. But having requested 
to be favoured wiih tbe views of a friend, and high outhority, Professor 
Faraday, he gave an extract from his tetter aa follows:— *' The conductor 
should be of J inch copper rod, and should rise above the top of the 
fihtmney by a quantity equal to the width of the chimney at the top. The 
lengths of rod should be well joined metallically to each other, and thitf is 
perhaps best done by screwing the ends into a copper socket* The con- 
neclioa at the bottom should be good ; if tbere are any pump'pipt;s at 
hand going into a well tbey would bo useful in that respect. As resi*ectd 
electrical conduction, no advaninge is gained by expanding the rod huri' 
zontally into a strap or lube — surface does nothing, the solid sectiGU is the 
essential eh inent.* There is no occasiou of insulatioa (of the conductor) 
for this reason. A fldsh of ligbtnlng has aa intensity that eoables it to 
break through many hundred yards (i»crhaps miles) of air, aad therefore 
an insulation of 6 incheii or 1 fool in length could have no power in pre- 
ventidg its leap to the brickwork, supposing Ihat the conductor were not 
able to carry it away* Again, six inches or one foot is so little lliat it is 
equivalent almost to ootbing. A very feeble electricity could break tbrough 
that barrjerj and a Oaab tbat could not break through ive or ten feet could 
do no harm to the cbimney*'' 

*i A very great point is to have no insulated masses of metaL If, there- 
fore, hoops are put round the cbimney, each should be connected metal- 
lically with the conductor, otherwise a Hash mi;5ht strike a hoop at a 
coriier on tbe opposite side to the conductor, and tben on the other side on 
passing to tbe uooductnr, from ihe oearest pari of the hoop Iben? migbt b.? 
ao explosion, and the chimney injured tbere or even broken tbrough. 
Again, no rods or ties of melal should be wrought into the chimney 
parallel to it^ length, and, therefore, to the conductor, arid then to be left 
unconnected with it.'* 

In answer to some furlher inquiry, Professor Faraday again writes :— 

• The T«ry ravens of wlist wu formerly held hj titgh mUioritict* 



*^ The rod may be close along tbe brick or stone, it makes no diflereoce. 
There will be no need of rod on each side of the building, but let tlie cast* 
irou hoop and the others you speak of be connected with the rod, and it 
will be in those places at least, as if there were rods on every side of the 
chimney* 

*^ A three-fourth rod is no doubt better than a half-inch, and, except for 
expense, I like it better, liul a half-inch has never yet failed* A rod at 
Coutfs brewery has been put up l| inch diameter; but thry did not 
luind expense. The Nelson Culuma in Loudon has a half-ioch rod — three* 
fourths is belter, 

** I do not know of any cuso of harm from hoop-iron inclosed in the 
building, hut if not in conaection %viib the couducior 1 should not like it ; 
even then it might cause harm if the Ughtuiug took the end furthest fruoi 
the conductor.^* 

The rod was constructed nearly according to these directions, of f-iooh 
copper, and the effect of it was very remarkably exemplified during the 
progress of the work. It was carried up regularly along with the building, 
and during storms, or a vt-ry electric state of the atmosphere, the electric 
13 u id was distinctly perceived rasbiog dovvo the rod, by a loud singing 
ooise given out by it, arising from a tremor or vibration into which it was 
thrown, by a little play in the studs or eyes through which it passed in Ihe 
building, and during these times the workmen were by no means fond u f 
ttpproachiog too near it, hut no barm ever occurred to any one from it. 

The work of the chimney was commenced by laying the foundation oo 
the Srd of June, 1845, and during tbe conrie of that season the mason* 
work of the pedestal was completed, and the wurk allowed to stand lil 
the spring. Tbe brickwork of the shaft was commenced on the 2ud of 
May, 1M6, and proceeded rapidly during the summer. The bricks and 
all the Diatcrials were taken up in the inside by means of a sitam-eogine 
working at the bottom, and winding a rope over a barrel, and lhi> passing 
over a pulley on the top of the building, the materials were raised with ihe 
greatest facility ; and it was curious to observe from ditTerent parts of the 
tower the work gradually rising, and the workmen steadily goin;^ on, at 
the great elevation to which they at last attained. A model was shown of 
a, very simple apparatus, by which the stage for the materials and timbers 
was raised by successive lifts, as the building rose in height. 

The contractors for the mason-work of the stone pedestal were Messrs* 
Gowan, and fur the brick-work of the stalk Mes-T;«. Buiv, of Glasgow, to 
whom much credit is duo for the superior style iu which they have Uoished 
their work; aad it may also be mentioned, that no accident or casually of 
any serious nature occurred during the exeouiion of this great work. 

Several obi^ervations still remained tu be made on Part IL as to the 
draught of the chimney, but wen? deferred to another day, as well as 
Mr* Taylor's paper, to give time for the distribution of tlie pilzes for last 
session. 

Thanks voted to Mr. Buchanan* 



MOTES or TK£ OEOHTH. 



Sir Johu Heiinie and Air. Brunei, at the reiiuest of the pnxisk 
authorities^, have made their report on the failure of Warren's 
Girder Bridge, over Juiner-street, Loudort-bridge {ante p. 390)^ 
whitdi contaiiiH their joint and decided opinion, — that the bridge, 
as constructed, was insufficient, and ought not to he replaced by 
one of Kimilar construction. — ^Ir. Barlow, the engineer of the rail- 
way, has addi-eiJHed a letter to the Ttme-fy stating that he entirely 
disagrees with the above report; nnd that he does not consider the 
principle of the bridge either incorrect ur objectionable. We 
advi&e Mr, Bcirlow not to kick over the traces; he had better keep 
i^uiet and make the best of a b.id business. We are very unxious 
to hear the result of the testing of the bridge* we left our card 
with Mr, Barlow's assLst^int at the time the experiment wag being 
made, and begged that he would favour us witli the amount of 
deflection for everv 10 tons* dead weight laid over two uf the 
girder^!, and the final result of the experiment. Although the testing 
took place three week** since, we have not been favoured with any 
particulars* If Mr. Barlow wishes to siimd well in his profession, 
we advigp him not to conceal any similar information: he may rely 
upon it that a fair statement does more good tlmu any concealment, 

Purtugnl boasts of her first steam-engine. A tug, with engines 
from an English factory at Oporto, has tuwcd a ship over the bur 
of the Douro. The Portuguese speak of feeing inde]»endent of 
foreign aid in constructing engines. Save the mark ! 

The third number of Mr, Tinkler's ' iVrcbitectural Sketches in 
Italy' it} partly occupied with villa subjects, which will naturally be 
of inter Cist to his readers. Some of tliese villaa are suited only to 
the Roman climate and habits of life; but their picturesque 
arrungemeiits will afford ^omQ idea» for study liere, and they will 
therefore be the more valuable, ha they are suggestive without 
admitting of direct copying, bonie of'^ the gateways, sketched 
under the name of Fragments at Rome, ar« likewiie of considir* 
able interest. 
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